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Introduction

Sleep is a function of all species. It serves to initiate restorative actions subserving memory consolidation, hormone balance and sympathetic/parasympathetic equilibrium.1 Disorders which interrupt sleep interfere with physical, mental, social and emotional homeostasis leading to impaired performance.1-62 Insufficient sleep “quality” or “quantity” has been associated with dysfunctions of the endocrine system, metabolic operations, ocular sequalae, higher cortical controls and neurological disorders.2,3 
	The biological process of sleep is defined as “a reversible state-of-unconsciousness where metabolism and motor activity are reduced”.4 The “sleep state” can be categorized into the rapid eye movement state (REM) and the non-rapid eye movement state (NREM).4 
The NREM sleep state is defined by drowsiness without entering into the “dream state”.4 It is divided into three stages: 1. N1, characterized by the transition from “wakefulness” to the drowsy, sub-coconscious state, 2. N2, which comprises the largest percentage of the “sleep-state” by time and 3. N3, defined by a period of 70-80 minutes of deep sleep.4 Following N3, deep sleep lightens and the REM sleep state follows.4 This part of the cycle is customarily associated with active dreaming and unconscious body movements.4 
The “sleep disorders” are conditions which chronically disrupt any portion of the “sleep states”.3,4 Although sleep disorders are more common in adults, they can occur during childhood.3

Parasomnias

	“Parasomnias” are unusual behaviors experienced during sleeping. They include “sleepwalking”, confusion during arousal, “sleep terrors” (bad dreams), sleep talking and “nightmares”.3,4 Parasomnias are common amongst children.3,4 They are generally not associated with complaints of insomnia (inability to enter into sleep) or chronic sleepiness (narcolepsy and fatigue).5 They have a high association with injury (due to irregular movements and sub conscious mobility).5 They also carry the stigma of negative psychosocial effects.5 “Disorders-of-sleep” are almost always accompanied by the symptom of feeling like one has “not slept enough” (daytime fatigue). Upon physical examination signs may include poor concentration, drowsiness, slowed reaction time, systemic hypertension (HTN), anxiety, enlarged tonsils, thick neck-girth/raised “body-mass-index” and airway narrowing.1-6 

Medical conditions producing sleep disorders
Many medical conditions have been associated with sleep disorders. Cardiovascular disease can produce sleep abnormalities through abnormal heart rhythm, reduced ejection fraction and irregular pulse rate.2-4 Irregular cardiac conditions have the potential to induce episodes of arousal with tachypnea (shortness of breath).2-4 
Neurologic diseases also have this potential and include cerebrovascular accident (stoke), hypnic jerk (sudden, involuntary muscle contractions that occur as you are falling asleep) and restless leg syndrome (RLS).2-4,8-11 Central sleep apnea (respirations start and stop throughout the night secondary to neurological impulse irregularities), chronic tension headache, migraine headache and central degenerative disorders such as Alzheimer’s disease, Parkinson’s disease, dementia and amyotrophic lateral sclerosis (ALS) also can be causative.4,12
	Endocrine loop disfunctions disrupt sleeping patterns via the complications of the metabolic syndromes.1-6,27-39 Alterations here disrupt the sleep-wake cycle principally by-way-of hormone regulation anomalies.1-6 Hyperthyroidism, pregnancy, menopause, diabetes mellitus and vitamin D deficiency are among the common conditions.2-4,27,28,31
	Chronic obstructive pulmonary disease and asthma are respiratory illnesses that affect sleep by creating “difficult breathing”- “sleep disturbed breathing [SDB]” and irregular respiration patterns.2-4,13 Obstructive sleep apnea (OSA) is a pulmonary disorder associated with the complete collapse of the upper airway during sleep resulting in cessation of breathing for 10 seconds or more with repeated episodes throughout the night.2-4,13 
	Gastrointestinal disease, such as gastroesophageal reflux are associated with sleep disruption.2-4 In the supine position, gravity permits stomach acids to reflux into the esophagus; gastro-esophageal symptoms such as “heart burn” and “chest pain” can develop, waking patients from sleep.4 
Musculoskeletal conditions causing acute or chronic pain may also interrupt the sleep cycle.4

Psychological conditions producing sleep disorders
Sleep disorders are common among patients who suffer from depression; insomnia (trouble falling and/or staying asleep) and hypersomnia (episodes of excessive daytime sleepiness or prolonged nighttime sleep) are common expressions.2,3 Anxiety can predispose an individual to insomnia by creating unnecessary mental activity making “falling” or remaining asleep difficult.2,3 Both phenomena lead to “feeling not rested”. The result of this contributes to decreased alertness during the wake period.4 “Panic attacks” induced by psychologic stressors or cardiac arrhythmias have the potential to worsen “anxiety-related” sleep disruption.4 
Medications used to treat psychological conditions may worsen sleep disruptions by interfering with the “drowsiness phase” of sleep.2-4,8-12 Anti-depressant medications can disrupt REM sleep patterns.2-4 Benzodiazepines can cause rebound insomnia following dosage changes.4 Corticosteroid medications may produce physical and mental “jitters”.4 Diuretic medications (frequently used to manage systemic hypertension) can precipitate increased urination which depletes body fluids, sodium, potassium, calcium and magnesium while creating a mechanical sleep disruption caused by the unrelenting physical “urge” to use the bathroom with and without muscle cramping.4

Environmental factors, age and sleeping disorders
Environmental factors that disrupt the sleep cycle include shift work, night shift assignment, “jet lag”, loud noise, lighting and extreme temperature.14-16 Sleeping disorders are more common in males over 50 years of age, who have increased “body-mass-index and hypertension.2-5,14-16 In general, the elderly population (>75 years of age) reports difficulty falling asleep (increased sleep latency), frequent overnight awakenings and early morning awakening.2-4

The sleep cycle
When sleep disorders occur in adults the universal complaint is fatigue. Interestingly, the sleep disorder such as obstructive sleep apnea (OSA), noisy breathing (respiratory effort-related arousal [RERA]) and abnormal movements during sleep are almost never perceived by the individual.1,5,10 Transient insomnia is another common sleep disorder. It is present in one-third of the adult population.2-4 Transient insomnia can become chronic when behavioral, emotional, cognitive and/or medical issues combine to induce persistent sleep cycle interruptions.2-4

Sleep cycles and circadian rhythms

	Sleep is primarily controlled by two regulatory mechanisms: a circadian mechanism that determines the timing of “sleep and wakefulness” and a “homeostatic” mechanism that determines the “need” for sleep and one’s sleep intensity.8,61 The homeostatic mechanism is thought to be based upon an individuals wake time (how long someone has gone without sleep).2,4,8,61 
	Circadian rhythm sleep disorders are influenced by both homeostatic factors and the individual’s circadian system.2,4,8,61The circadian rhythm in humans is thought to be an endogenously generated system that is approximately 24 hours in duration.14-16,61 The suprachiasmatic nucleus (SCN) which is located in the anterior part of the hypothalamus is considered the pacemaker of the circadian timing system.14-16 Efferent projections from the SCN innervate structures which include the pineal gland, responsible for producing melatonin.14-16 Normally the sleep phase of the circadian rhythm occurs about two hours after the onset of melatonin secretion.14-16 Hypocretins, also known as orexins, are neuropeptides produced in the lateral hypothalamus. These substances play a role in regulating sleep-wake cycles, arousal and other physiological functions. Deficiency in the hypocretins is linked to narcolepsy, a sleep disorder characterized by excessive unwanted daytime sleepiness and muscle weakness.55-57,61  
Sleep-wake phase disorders may occur when sleep times become delayed (sleep occurs later than desired or is needed) or when sleep occurs in advance of when it is wanted (unwanted drowsiness or involuntarily falling asleep).14-16,55-57,61 

Sleep apnea
	There are three types of sleep apnea: obstructive, central and complex.2-4,13-17 Obstructive sleep apnea (OSA) occurs as a result of collapse of the upper airway during sleep. In OSA there is a cessation of air flow for at least 10 seconds (with evidence of repetition of this issue during the sleep cycle).2-6,8,12,13,18,28,31 The prevalence of OSA has been increasing in the United States due to increasing rates of obesity.13,17 Respiratory effort-related arousal (RERA) is a less severe form of OSA but is on the continuum.2-6,8,12,13,18,28,31  Central sleep apnea (CSA) occurs when there is interruption of respiration due to the “lack of effort to breathe”. It is commonly caused by faulty brain respiratory centers and reduced impulses to the muscles that control breathing.13,17 The pathology known as complex sleep apnea is a combination of both obstructive and central apnea.13,17

Sleep-related movement disorders
	Sleep-related movement disorders include restless leg syndrome (RLS) and periodic limb movement disorder (PLMD).9,10 RLS, also known as Willis-Ekbom disease, produces restlessness when lying down resulting in unwanted involuntary leg movements. The arms and trunk are less commonly involved.9,10 The principal abnormality in RLS has been identified as a brain dopamine deficiency in combination with dysregulation of blood iron levels.9,10 RLS is thought to affect 
5%-8% of the general population with adult women over 40 most commonly effected.9,10
	PLMD, also known as “sleep-related myoclonus syndrome” or “nocturnal myoclonus syndrome” is not well understood.2,9,11 It is hypothesized that brain dopamine deficiency triggers spinal flexor pathways resulting in increased limb movements during sleep.2,9,11 Patients commonly complain of “not being able to sleep well” with an awareness that they have repetitive unusual lower extremity movements (extension of the big toe and flexion of the ankle, knee and hip).9 These movements are also associated with “autonomic arousal” resulting in change in heart rate, blood pressure and “cortical arousal” with frequent nocturnal awakenings.2,9,11 Patient symptoms include reports of non-restorative sleep and daytime sleepiness and fatigue.2,11

Ocular manifestations of sleep disorders
[bookmark: _Hlk204598739]There are many adverse ocular effects that can be attributed to sleep disorders, these include: 1. Floppy eye lid syndrome/keratoconus, 2. Worsening of diabetic and hypertensive retinopathy, 3. Increased risk for open angle/normal tension glaucoma and glaucoma disease worsening, 4. Central serous chorioretinopathy with pachychoroidal disease (choroidal thickening), 5. Idiopathic intracranial hypertension, 6. Non-arteritic ischemic optic neuropathy and 7. The discovery of narcolepsy via the neuro-ophthalmic induction of optic neuritis by way of any of the demyelinating disease variants (Multiple sclerosis-MS, Neuromyelitis Optica-NMO, Myelin oligodendrocyte glycoprotein antibody associated disease-MOGAD).3-5,8,15-20,23-61     

The pathophysiology of obstructive sleep apnea
 
Obstructive sleep apnea, weather caused by poor physical conditioning, obesity, genetic predisposition or muscular hypertrophy (weight training) produces glottal pressure which increases as neck-girth expands. This induces partial or complete glottal collapse with failed respiration.1-62 Natural emergent reflex systems exert forceful counter pressures to force the closed airway open resulting in the classic audible sounds heard during RERA and OSA.1-62 When the risk factors increase the “apnea hypoxia index” worsens.62 This creates an ongoing sequence of systemic oxidative stress, hypoxia and raised intra-thoracic pressure.15-20,23-62 These changes impact the heart muscle, heart rate, heart rhythm, general vascular tensioning, blood flow (blood viscosity alterations), cerebral spinal fluid (CSF) pressure, CSF fluid flow, increase venous return resistance, induce corrective inflammatory cytokine expression (nitric oxide, endothelin, mineralocorticoids, vascular endothelial growth factor upregulation) as well as initiate hormonal corrective secretions that alter normal physiology (vascular dysregulation).15-20,23-62  
Decreased respiration results in chronic hypercapnia (increased blood CO2), general vasodilation followed by increased vasoconstriction (sympathetic system activation) with ensuing metabolic acidosis.15-20,23-62 
Despite its complexities, when diagnosed in a timely manner, lifestyle modifications, pharmacologic therapies and device-related therapeutic modalities such as continuous positive airway pressure airway assistance (CPAP) can rapidly reverse symptoms and ocular manifestations.1-62

Floppy eye lid syndrome and keratoconus.

	Eyelid closure during sleep limits light entering the eyes and helps to initiate the sleep cycle. It also creates a mechanical/protective barrier between the ocular surfaces and the external environment.18,19,21,22,60 Eyelid closure challenges the cornea by reducing available ocular surface sustaining tear volume and corneal oxygen levels.18-19,60 Rapid eye movement sleep (REM) facilitates movement of the aqueous humor in the anterior chamber, assisting in the delivery supplemental oxygen and nutrients to the cornea.18,1921,22,60 Frequent nocturnal awakenings which interrupt REM sleep secondary to any sleep disorder may result in the signs and symptoms of dry eye and corneal oxygen deprivation, creating a compromised ocular surface and cornea.18,19,21,22,60
	The signs of floppy eyelid syndrome (FES) include easily everted eyelids, eyelash malposition (lashes in: entropion or out: ectropion) and chronic papillary conjunctivitis due to chronic spontaneous palpebral conjunctival exposure to the bedding when episodic eyelid eversion occurs during sleep.60 Patients present with variable bilateral epiphora, lid/lash “stickiness”, discomfort and blurred vision which is worse upon awakening (sometimes referred to by clinicians as “morning syndrome”).18-22 The clinical presentation may include lid ptosis, misdirected or inverted eyelashes (trichiasis), papillary conjunctivitis and related corneal compromise (abrasion, punctate keratopathy, filaments, evidence of corneal scarring, pannus, corneal neovascularization, the presence of keratoconus and under the wrong circumstances unexplained infectious keratitis [infectious corneal ulceration]).18-22,60
The exact pathophysiology of FES is not completely understood; however, studies have suggested that mechanical stress along with alternating periods of tissue ischemia and reperfusion cause local inflammation and increased levels of matrix metalloproteinases (MMP) leading to loss of elastin fibers in the tarsal plate.18-22,60 These changes conspire to produce the pathologic eye lid hyper-elasticity.21
Eye rubbing associated with acquired ocular surface abnormalities and prolonged, peculiar, prone sleeping positions have also been associated with the development of keratoconus.50-54 Experts have described the “rubbery” mid-tarsus as the “floppy eye lid” characteristic in patients that develop keratoconus.50-54 These patients have a high prevalence of obesity and have an increased risk of death from stroke.50-54 The corneal changes are hypothesized to be due to intermittent hypoxia with a hypoxia-induced inflammatory responses provoked by both the apnea and hypopnea caused by OSA.50-54
Individuals with OSA using positive pressure apparatus may demonstrate CPAP-associated eye complications. These arise from air leaks around the mask (allowing air to blow onto the ocular surface).13,22 Here, retrograde air movement stimulates the production of excess mucus from the nasal passages which can regurgitate through the nasolacrimal duct onto the ocular surface. The increased mucoid discharge can create complications that range from filamentary keratitis to blepharitis.13,22 Infectious blepharitis with recurrent bacterial conjunctivitis can also result.13,22 Adnexal skin irritation may also be present.13,22  

Worsening of diabetic and hypertensive retinopathy

[bookmark: _Hlk204774763]OSA is considered an independent risk factor for the development of hypertension, cardiovascular disease and cerebrovascular disease.8,15,27-34 The consequences of these systemic diseases on the vascular system of the eye translate to comorbidities.8,15,27-34
The pathological features of “sleep disordered breathing” include intermittent hypoxia, inflammation and oxidative stress. Increased pressure on the heart muscle creates an environment for the development of cardiac arrhythmias including atrial fibrillation.8,15 
	The CLOCK gene (circadian locomotor output cycles kaput) increases plasma vascular endothelial growth factor (VEGF), which can increase retinal capillary leakage leading to worsening non-proliferative diabetic retinopathy, diabetic macular edema (DME) and in chronic situations, proliferative diabetic retinopathy (PDR).27-34,61 Oxidative stress within the retina and retinal vasculature promotes small vessel pericyte death leading to the formation of OSA-related retinal edema marked by signature “large retinal cysts”.28-30 This type of “diffuse” macular edema, (as opposed to the classic “spongy”, small-cyst edema) is far more difficult to treat with injectable VEGF inhibiting agents.28-30 Further, leukocytes respond to released cytokines and chemo-attractants by secreting additional inflammatory factors which increase vascular permeability which worsen both diabetic and hypertensive retinal changes. 8,15,27-34 
All of these changes along with sympathetic system activation and vessel vasoconstriction, coupled with advanced patient age, hyperhomocysteinemia, and dyslipidemia increase the risk for hematologic coagulopathy and hyperviscosity.30-34 This inherently increases the risk for retinal vein occlusion, retinal artery occlusion and combination cilioretinal artery and central retinal vein occlusion.30-34  
      
Open angle and normal tension glaucoma 
	
Obstructive sleep apnea and primary open angle glaucoma (POAG) have had a reported relationship dating back to as early as 1982.18,20,23,27,40-43 The number and duration of apneic episodes seem to correlate directly with the increase of the severity of any glaucoma.20,23,27,40-43  The prevalence of the combination of OSA and glaucoma ranges from 2%-27% vs. the prevalence of glaucoma alone which measures approximately 2% in the general population.18 Direct correlations include increased incidence of visual field defects and decreased overall retinal nerve fiber layer thickness.20
Normal tension glaucoma (NTG), defined as characteristic disc cupping with correlating retinal nerve fiber layer loss with correlating structural and  functional losses in the setting of intraocular pressures consistently measured below 22 mmHg has also been associated with OSA.23,27,40-43 
[bookmark: _Hlk205188265]	Progression of glaucomatous pathology has been linked to anything that reduces blood flow to the optic nerve producing ischemia. Vascular risk factors include migraine headache, Raynaud's phenomenon, atrial fibrillation and reduced nocturnal blood pressure (decreased ocular perfusion pressure).27,40-43 The proposed physiologic mechanisms linking OSA to glaucomatous optic nerve damage include direct hypoxic injury, disrupted autoregulation of blood flow due to periods of hypoxia and hypercapnia and blood flow disruption due to periods of systemic hypertension that occur during the apneic episodes.24,40-43 High nocturnal IOP (as part of the normal aqueous humour cycle) coupled with lower nocturnal systemic blood pressure in the setting of apnea-related low ocular perfusion pressure increases the risk for both retinal tissue and optic nerve damage.27,40-43 
Cardiovascular physiology normally balanced by autoregulation becomes dysfunctional in the presence of OSA.27,40-43 OSA is often undisclosed to clinicians, with its signs and symptoms under recognized; it produces consequences independent of intraocular pressure.27,40-43 Fortunately, when the association is discovered it is a modifiable risk factor.27,40-43  
[bookmark: _Hlk205188488]     	POAG has also been associated with circadian rhythm sleep disorders and endogenous melatonin levels.14,18,20,23 Here, it is the POAG that may be considered a causal factor for the circadian disruption.14,18,20,23 
Glaucomatous pathology of any kind causes retinal ganglion cell (RGC) damage. Intrinsically photosensitive RGCs (ipRGCs) convey non-image forming photic information via the retinohypothalamic tract to the suprachiasmatic nucleus (SCN).14,18,20,23 As ipRGCs are progressively damaged, photic information to the (SCN) is adversely altered, disrupting circadian rhythms. This causes impaired sleep and altered mood.14,18,20,23 Other neurodegenerative pathologies associated with disruption of circadian rhythms include Alzheimer’s disease, Parkinson’s disease and Huntington’s disease.14,20
[bookmark: _Hlk205188839]	Finally, melatonin is a hormone produced by the pineal gland in response to darkness. It plays a key role in the body’s sleep-wake cycle.14,18,20,23 POAG has also been associated with circadian rhythm sleep disorders and endogenous melatonin levels. 14,18,20,23  Melatonin production is reduced in bright light conditions and its production naturally decreases with age.18-20 Variability in melatonin levels can alter circadian IOP rhythms, resulting in less consistent IOP; increasing the risk for progression of glaucoma.14,18,20,23  This altered “rhythm of IOP” may account for what appears to the clinician as a difficulty with IOP-lowering therapy.14,18,20,23 Studies18-20 support the idea of adding supplemental melatonin (for adults, 0.5mg-5mg po taken one hour before bed) for the management of glaucoma. The supplement has the potential to synchronize circadian rhythms and IOP cycles thus improving the consistency of IOP measurement, improving interpretations of IOP-lowering therapy.14,18-20,23.18-20

Central serous chorioretinopathy and pachychoroidal thickening 
Pachychoroidal thickening with endogenous mineralocorticoid production leads to retinal pigment epithelium (RPE) tight junction failure and fluid leakage under and into the neurosensory retina.35-39 OSA is associated with increased levels of epinephrine and norepinephrine along with hormone secretion which can affect retinal and choroidal blood vessels, contributing to the presence of excess choroidal fluid and the genesis of idiopathic central serous chorioretinopathy (ICSC) along with its variants (gutter syndrome, sick RPE syndrome, choroidal neovascularization and RPE detachment).35-39 Postulated mechanisms include disruptions in breathing during sleep (apneas) leading to fluctuations in the hormone levels of cortisol, increased sympathetic drive leading to vascular endothelial dysfunction and autoregulatory inhibitions within the choroid from episodes of sympathetic dysregulation (endogenous steroids and epinephrine suppressing the parasympathetic system).35-39 When savvy retinal specialists confirm the presence of ICSC they frequently assay for steroid use of any kind (oral, topical or spray form) and or the presence of sleep apnea.35-39   

Idiopathic intracranial hypertension 

Papilledema (optic disc swelling in the setting of raised intracranial pressure [ICP]) has been identified as having an association with OSA.18,19,26, 58,59,62 Reports have hypothesized that papilledema in patients with OSA occurs secondary to transient hypercapnia.18,19,26,58,59,62 In these cases the raised ICP does not result from either over production (choroid plexus, hydrocephalus) or failed egress (venous sinus thrombosis, aqueductal stenosis) of cerebral spinal fluid (CSF) but instead from the vasodilation produced by the hypercapnia.18,19,26,58,59,62 As un-respired CO2 builds in the in the bloodstream systemic vasodilation ensues; the Monroe Kellie rule says that intracranial pressure will rise whenever there is “extra fluid, blood or brain” inside the cranial vault.18,19,26,58,59,62  As the vasodilation encourages more blood to enter the head, ICP rises and disc edema ensues (in one study a rising range from 50mm H20-750 mmH2O). Further, the dysregulation increases intra-thoracic pressure which slows intracranial blood drainage from the head, worsening the pathology. Ironically, the pathophysiology only exists during sleep, hence in some cases, ICP may only be measured high during sleep hours.18,19,26,58,59,62  
	Intracranial venous hypertension delaying the drainage of cerebrospinal fluid into the cerebral venous sinuses is another critical factor.58,59,62 CSF and venous blood circulates in the jugular veins draining into the heart. During chronic episodes of sleep-disturbed breathing, repeated attempts to create respiration by generating forces against the closed glottis increase intrathoracic pressure.58,59,62 This causes atrial distortion and decreases venous return to the heart worsening the intracranial venous hypertension.58,59,62 Additionally, repeated awakenings from OSA impede sleep-associated circulation of interstitial CSF into the glymphatic circulation contributing to hydrocephalus.58,59,62
When positive pressure ventilation (CPAP) is coupled with the oral diuretic acetazolamide, improvement in the signs and symptoms of papilledema are often seen quickly.18,19,26,58,59,62

Non-arteritic ischemic optic neuropathy 
[bookmark: _Hlk205375541]Sleep apnea has been documented to be 2X more likely to be associated with non-arteritic anterior ischemic optic neuropathy (NAION) than both HTN and diabetes.2,13,18,44-47 The mechanisms that explain the increased association include impaired optic nerve head blood flow, impaired optic nerve head vascular autoregulation (secondary to the effects of apneic episodes), apnea-induced blood pressure variations and imbalances that are created between vasodilator (nitric oxide) and vasoconstrictor (endothelin) cytokines and chemokines.2,13,18,44-47  Sleep apnea also produces hypercapnia-related episodic increases in intracranial pressure which reduces optic nerve head perfusion.13,18
	It would be appropriate to include a screening for both the functional and physical features of OSA in any patient where visual signs and symptoms begin (transient ischemic attack, amaurosis fugax, transient monocular vision loss [TMVL] etc…). Sleep studies (polysomnography) can be performed to identify potential strategies for intervention and treatment.18,22,13,18,44-47 

Optic neuritis and narcolepsy	
Narcolepsy is defined as a chronic neurological disorder that disrupts the body's ability to regulate the sleep-wake cycle.55-57 It frequently leads to excessive daytime sleepiness and the sudden onset of unwanted sleep.55-57 It can produce the symptoms of “cataplexy” (sudden muscle weakness, trance like state), sleep paralysis, and hallucinations.55-57 The sleep disorder of narcolepsy is typically uncovered by the eye care practitioner when any form of autoimmune optic neuritis (ON) affects the hypothalamus creating alterations in the secretions of hypocretins.55-57
 Autoimmune optic nerve inflammation affects the central nervous system (CNS) when the body's immune system attacks the myelin sheath (the fatty substance that insulates the conducting axons) in the brain, spinal cord, and optic nerves (optic neuritis). The process degrades the optic nerve’s signal transmission producing visual losses and distortions (Pulfrich effect).55-57
Patients with optic neuritis should be tested for sleep disorders.55-57 The aquaporin-4 biomarker is associated with bilateral, symmetrical hypothalamic lesions and moderate hypocretin deficiency.55-57 The alteration is also known to be associated with the phenomenon of narcolepsy.55-57 The presence of the protein is also synonymous with the autoimmune neurologic inflammatory disorder known as neuromyelitis optica (NMO) or Devic’s disease.55-57 Multiple sclerosis (MS), NMO and myelin oligodendrocyte glycoprotein antibody associated disease (MOGAD) are all variations of a similar process and are all associated with OSA.55-57 

Conclusion
Improvements in the diagnosis and treatment of sleep disorders have been driven by both patient and practitioner. Increased public awareness has also played a role.1-62 Newly developed “wearable” technologies in the form of wristbands, watches and rings have served to uncover problematic sleep patterns. Improvements in care have also improved as medical treatments and surgical interventions respond to new diagnostic demands.1-62 The past several decades have realized significant gains in the understanding of disease relationships; sleep disorders and ocular disease.1-62 Optimally, coordination with specialists between primary care providers, sleep specialists (most frequently pulmonologists) and eyecare providers will result in more timely treatments and better outcomes.
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