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This monograph activity is intended for eyecare practioners:
Completion of this activity should enable the participants to be better able to:
1
Recognize the added quality of life concerns for patients with Dry Eye disorders
2
Become familiar with the anatomy and physiology of the tear deficient
3
Be able to recognize the patient complaints as they refer to Dry Eye disorders as they affect vision and contact lens wear
4
Be familiar with testing for Dry Eye disorders
5
Be familiar with treatments for Dry Eye disorders
DRY EYES 

THE LITTLE PROBLEM THAT WILL NOT GO AWAY
One of the most common complaints that present to eye care specialists is those of gritty, sandy, burning, stinging, red, blurry on and off vision, and tearing or epiphora of the eyes.  These patients return month after month or week after week until they find relief or move on to another specialist in the area. 
         The real persistent and consistent presence of these symptoms just never seem to go away. The patients are very uncomfortable and let the practitioner know in no uncertain terms their discomfort.  These symptoms affect the quality of life, vison is affected and the ability to read and drive and use a computer and in reality, all phases of their everyday functioning. Quality of Life is impaired daily activities become a chore and work productivity decreases.  All of the above symptoms are presenting symptoms or signs of a complex disease of the ocular surface of the eye often referred to as dry eye.  These many complaints are referred to as dry eye syndrome or ocular surface disease.
        The TEAR FILM and OCULAR SURFACE SOCIETY (TFOS) at its meeting in 2017 Dry Eye Workshop (DEWS II); gave the eyecare industry a new working definition of dry eye defined as: “Dry eye is a multi-factorial disease of the ocular surface that is characterized by a loss of homeostasis of the tear film and accompanied by ocular symptoms, in which the tear film instability and hyperosmolarity, ocular surface inflammation result in damage with accompanying neurosensory abnormalities”.  Osmolarity refers to the total number of salts, proteins and other substances that are dissolved in the tear layer.
        Many times, eye care practitioners when asked about the eye and vision and to name the components of the visual system, start with the cornea.  They are forgetting or ignoring of the tear layer as the first and very important component of good clear vision and eye comfort.   Over 30 million people in the U.S.A. suffer from ocular surface disease or dry eye syndrome (OSD or DES); but less than 1 million are receiving treatment for this disorder.   DES and OSD are the new hot topic in eyecare.  This is due to the sheer number of patients that are experiencing problems and also to increased understanding of the pathophysiology of the disorders, new diagnostic modalities and new treatments for the patient.  One of the major causes for the increase in DES or OSD is the use of computers and pads and phones all requiring concentration and near vision.
       The normal blink serves many purposes in maintaining a balanced tear layer and eye comfort.  The normal blink spreads the tear layer over the cornea supplying moisture and nutrition to the outer layers of the epithelial tissues of the cornea providing comfort and good vision.   The normal blink rate is about 10 to 15 per minute.  Concentration on near tasks such as reading a book and digital devices, phones, computers, games reduce the blink rate at times as low as 1 to 2 per minute and usually that blink is not what would be considered a good complete blink.  The eyes are cast downward when using most digital devices and / or reading and we give a lazy blink where the lids do not close completely.  Kind of what we called the old hard contact lens salute of an incomplete, half blink. 
       That is why when you read or use these devices your eyes become red, irritated, burn and sting and the vision blurs until you give one or two good blinks. The blink is essential to spread the tears over the ocular exposed surface, for nutrition, comfort and vision.
      The reported incidence of dry eye disease DED/DES/OSD is increasing in all age groups and sexes.  Keratoconjunctivitis Sicca is an older name for the dry eye conditions that are in existence now.  The increase maybe attributed in part to the major increase in use of digital devices, at home, at work and in general at all times of the day.  This monograph will cover the diagnosis and treatment of the DED complex pointing out the visual consequences of the DED as it affects our daily quality of life and lead to a better understanding of the disease epidemiology, testing and treatment of more than over the counter eye moisturizers.  
       Looking at the tear layer there is more than just the aqueous portion that we need to be aware of.  The tear layer is more complex than appears at first glance and more is becoming know with each passing year.  The tear film is actually composed of three distinct layers, the lipid, oily surface layer, the middle aqueous which is by volume the largest of the components and the mucin inner most layer in contact with the epithelium of the cornea.  
       The outmost, external layer is consistent with a fatty or lipid material composed of cholesterol.  This layer is very thin and as an oil spreads over the surface with each blink.  The oily material is secreted mainly by the meibomian glands orifices which are located in the lid posterior to the grey line, with the glands embedded in the tarsal plates.  The meibomian glands form a hydrophilic layer that binds to the underlying aqueous layer.  Oils spread over the surface to help prevent evaporation of the aqueous layer and spread the tear layer over the exposed ocular surfaces, shaping the tears to the eye surface.  With development of meibomian gland disfunction or disease there is an alteration in the oily production, reduced or different composition that affect the aqueous layer and destabilizes the entire tear film.  Meibomian gland disease states maybe one of the major contributors to Dry Eye conditions and hence the alphabet soup of letters used to describe the “DRY EYE DISEASE”; (DED) or “MEIBOMIAN GLAND DISFUNCTION “; (MGD) or “OCULAR SURFACE DISEASE”; (OSD).  The meibomian glands are also prone to blockage with the formation of chalazions or also called internal hordeolum.  These blockages reduce the formation and spread of the meibomian oils contributing to evaporative dry eye conditions or part of the dry eye problem.  Chronic posterior blepharitis affects the meibomian glands and alters the secretion and composition of the meibomian oils as well.  Overall the meibomian glands are very important to a good quality tear layer and care should be exercised to maintain them in good working condition by treating any underlying conditions of the lid and lid margins.
       The middle layer is the aqueous layer and constitutes 90% of the total tear layer thickness.  The fluid is produced mainly by the lacrimal gland situated in the upper lateral aspects of the orbit and the accessory glands of Krause and Wolfring located in the bulbar and palpebral conjunctiva.  The liquid that is formed contains water-soluble components of the tear layer which includes the inorganic salts, trace elements, glucose and macromolecules, enzymes, glycoproteins, proteins and enzymes.  This aqueous portion carries important functions for providing nutrients and oxygen to the cornea as well as providing protection against foreign substances and particles from damaging the cornea by washing the material, debris and toxic substances out and as a buffer to penetration of smaller particles that become slowed and trapped in the layer cleared and moved nasally with blinks.  The aqueous also contains the immunologic components as defense against disease states.  Components of the tears have long been recognized to have antimicrobial function include lysozyme, lactoferrin, lipocalin, secretory immunoglobulin A (IgA) and complement. Lysozyme was shown to be present in human tears and to kill Gram-positive bacteria by Alexander Fleming in 1922.
        The third layer or inner most layer is in direct contact with the cornea epithelium and the conjunctival surface.  It is a very thin layer of mucoid material that is secreted by the goblet cells located in the conjunctiva.  This layer helps stabilize the tears and fill in and smooth the ocular surface to provide a more optical quality to the visual system.  Anatomy of the ocular surface microscopically shows the irregularity of the surface as the epithelial cells abut against each other.  This layer begins the smoothing and enhancing the optical clarity of the system.       (See fig. 1).
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       Many patients think of tears as the liquid that runs down the cheeks (epiphora) when we are happy or sad, but it also serves to wash the eye of contaminants, toxic chemicals and gasses and help to wash out foreign bodies that enter the eye.  This flood of tears is essentially a water to wash the eye and does not serve to keep the eye in a steady state but disrupts the balance of the 3 layers.  This is why after crying or excess tears the eyes feel sandy, are red and burn for several hours until the tear layer stabilizes again.  These tears are termed reflex tears or tearing because they are a result of a physical irritative or emotional state.
       Looking at the spectrum of dry eye disorders it is important to identify those patient populations that are at risk.  Certainly, over time it is found that females especially in the post-menopausal years are at higher risk of developing dry eye disorders than the male population.  Age is a risk factor for both male and female groups.  Auto-immune disease such as Sjogren’s syndrome, Collagen vascular disorders such as rheumatoid arthritis, affects the salivary glands and lacrimal glands resulting in tear deficit dry eye.  As the patient ages there is a gradual increase in tear osmolarity due to decreased meibomian gland function which results in greater tear evaporation and also there is a concomitant decrease in corneal nerve sensitivity resulting in less tear production.  Age also affects the lids and lid blink function resulting in poorer spreading of the tear layer over the exposed ocular surface.  This condition is known as floppy lid syndrome.   (see table 1). Tears produced by the lacrimal gland are spread over the eye from the upper outer orbit where the lacrimal gland is located, across the cornea and conjunctiva to the nasal area where the tears flow down the puncta, lacrimal canalicular, to the nasolacrimal sac and then into the nasal area behind the middle turbinate.  (see figure 2) 
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Autoimmune Associated

Sjogren’s syndrome

Rheumatoid Arthritis


Systemic Lupus Erythematosus (SLE)


Scleroderma


Dermatomyositis


Polymyositis

Infectious Diseases


Trachoma


HIV


Hepatitis


Herpes Simplex of the Cornea


Herpes Zoster of the Facial or Corneal Surface

Neuropathic


Cranial Neuropathies (CVA, Bell’s Palsy)


Multiple Sclerosis


Radiation or Chemotherapy of the Ocular or Orbital Areas

Infiltrative Causes


Cancers of the Orbit or Ocular Tissues


Amyloidosis


Sarcoidosis

Dermatologic Conditions


Rosacea


Eczema


Topical Contact Dermatitis 


Acne


Actinic Damage from the Sun

Medications


Diuretics


Beta Blockers


Topical Drops Long Term Use. (Glaucoma)


Antihistamines/Decongestants


Anticholinergic


Antidepressants


Pain Relievers


AND MANY MORE

The neural component to tear layer dysfunction and patient symptomatic complaints in part can be explained by the rich, abundant nerve distribution to the cornea, resulting in pain, foreign body sensation and increased reflex tearing.  There are corneal diseases and systemic disease that affect the production of tears.  Herpes simplex and herpes zoster, ulcers and other conditions, Bell’s palsy or stroke can damage the corneal nerves.  When the nerves are damaged and do not let the brain know there is a dry eye problem and erosions and corneal scaring occur from lack of tears. Reflex tearing is as a response to the nerve sensations indicating a dry eye condition and the reflex of aqueous liquid release as an attempt to provide the moisture needed but which in reality exacerbates the symptoms.  Excess tears are termed epiphora and can indicate a dry eye condition, an attempt to wash out eye irritants like chemicals or foreign bodies or an obstruction of the nasolacrimal drainage system.
Meibomian Gland Dysfunction (MGD0 is a common finding by eyecare practioners when patients are complaining of symptoms of dry eyes. Remembering that the meibomian glands secret meibum the oily mix helping prevent the evaporation of tears also have antibiotic like qualities and anti-inflammatory compounds.  
 Patients are accustomed by habit and prior knowledge to think of dry eye as ONLY related to tear disfunction or lack of tears.  But we have seen above that the tear layer is a complex, composed of 3 layers and that each of the layers play an important role in the health of the eye and a disfunction in one layer can lead to a disruption in the homeostasis of the tear layer and the complaints that the patient experiences. Left untreated meibomian gland disfunction becomes chronic and more diffuse leading to a down turning worsening condition and more difficult chronic relapsing condition to remedy.  An extreme blockage of the meibomian glands results in hordeolum and chalazion with the backup of the meibum into the lid producing pain, swelling and redness of the surround area of the gland.
      Some of the tried and true aids to helping stabilize the Meibomian glands and aid in normalizing the production of the oils is the use of warm water soaks for 5-10 minutes applied several times a day.  The warm soaks or use of warmed bead mask makes the gland secretions more oil like and less wax like aiding in the release of the secretions when a blink occurs and also helps prevent blockage of the gland orifices.  Many practioners suggest that a wet applicator or Q-tip be used to gently rub the gland openings that are on the lid margin and massage the lid from the bottom edge of the gland to the gland opening on the lid margin expressing the secretions.  The addition of baby shampoo applied to the base of the lashes assists in the removal of crusting, flakes that block the gland orifices and may contribute to lid margin disease.  The gland openings on the lid margin at times look to be puckered or pouting which is an indication of the thickness of the meibum secretions having difficulty leaving the gland.  An over the counter spray or wipe is also at times recommended hypochlorous acid which is rubbed into the lash area and helps clean, remove crusting and has antibacterial qualities. The whole lid cleansing procedure is often referred to as lid hygiene.  This sequence of heat and massage has been incorporated into a mechanical procedure that is performed in the eyecare office called Lipiflow.  Another possible promising newcomer to the meibomian gland dysfunction is the use of Intense Pulsed Light (IPL).  
       The IPL is a polychromatic light source with wavelengths between 500-1200 nm when directed at the skin produces heat as the melanin, hemoglobulin absorb the light, this closes blood vessels and helps reestablish the meibomian gland function.  All these methods are used to alter or modify the meibomian secretions and aid in reducing the dry eye condition and patient subjective symptoms.  The addition of omega 3 fish oil has been shown to improve the overall tear layer and in particular the meibomian gland function. Omega 3 capsules contain anti-inflammatory components as well as increasing the liquidity of the meibomian secretions.  Most over the counter artificial tears do little to rectify meibomian gland dysfunction and aid only in decreased tear production.  
Antibiotics, such as doxycycline are sometimes prescribed again to aid in opening the gland orifices and reducing the long chain fatty acids to short chain fatty acids that are more liquid and less likely to clog the gland openings and reduce the inflammatory component of the gland dysfunction.  
      There exist grading systems for the meibomian gland and secretion health when noting the quality and quantity of meibum expressed by mechanical means.  Grading of “0” - is clear and normal; “1”- is cloudy and turbid; “2”- granular, sandy particles and yellow /grey color; “3”-inspissated, thick, paste like, plug and difficult to express.  
      The largest portion of the tear film is the aqueous layer that is produced by the lacrimal gland situated in the upper outer aspects of the orbit.  There are some accessory glands in the conjunctiva that contribute to the total volume.  Tear osmolarity is generally similar to the osmolarity of other body fluids, blood, urine and the like or about 290 m Osmol/L.  Values on instruments that measure tear osmolarity of 290 m Osmol/L or less are considered normal.  When the tears evaporate as in dry eye disease the osmolarity increases and there is a hyperosmotic state.  A hyperosmotic state results in increased tear salts that cause burning and stinging, redness and irritation to the ocular surface the typical patient symptoms and complaints. Instruments in the office are used to take a small tear sample and an instrument measures the amount of drying over a few minutes time to give the tear osmolarity.  Again, 290 m Osmol/L or less is considered normal values that are higher are hyperosmotic and abnormal.  Higher values indicate higher osmolarity and increased dry eye.  There are patient with values over 350 m Osmol/L.
      The Schirmer tear test is another method that is in use to help diagnosis dry eye and measures tear production.  The test consists of filter paper, non-toxic, clean, placed in the outer lateral aspects between the lower lid and conjunctiva and tears are absorbed by the paper and after a time, usually 5 minutes, the wet area of the paper is measured.  The test can be performed with and without topical anesthetic drops, a reading of less than 5 mm is indicative of decreased tear production.  Fluorescein may be sued to make identification of the wet area easier to visualize. 

Fluorescein may also be used to determine the tear breakup time.  Fluorescein is instilled into the eye and the time it takes for the tear layer to break apart when observed at the slit lamp under cobalt blue light, showing an opening (DRY SPOT) is measured and noted.  This is with the patient instructed to refrain from blinking and measured after the last blink.  Tear breakup times (TBUT) that are rapid in occurrence or happen in a short time are indicative of an evaporative type of dry eye state.   Use of fluorescein also can help by noting the absence or presence of a tear meniscus on the lower lid and the quantity and quality of the tear meniscus. 
        Staining is noted at the slit lamp with dyes and is usually noted to be found in the intra-palpebral area when the eye is open on the surface of the cornea and conjunctiva. Other dyes can be used to stain the tears and surface of the cornea or conjunctiva such as rose Bengal and lissamine green, but fluorescein remains the main one in use.  An absent or decreased tear meniscus can signal a low volume of tear or poor tear quality.  Schirmer tear testing, tear osmolarity tear breakup time are all used to help quantify and diagnosis dry eye, but none are fool proof and often patient complaints do no match test findings.

        The inner most layer of the tears is the mucin layer secreted by the conjunctival goblet cells.  It would be rare to have a decrease in this layer but injury, chemicals, scaring, and diseases of the conjunctiva would cause a decrease in the mucin and affect the angle of wetting for the tears.  This produces a destabilized tear film, decreased or blurry vision and discomfort.  The mucin particles fill in the irregularities if the corneal surface helping to make a smooth glass like quality to allow the best visual results.

       There is new information evolving concerning the inflammatory components of DES/OSD and the need to treat conditions of inflammation as well as dry eye to achieve comfort and stabilize the tear layer.  Instruments can now be used to measure the inflammatory component much in the same way as the Schirmer or osmolarity test by touching the outer lower lid and allowing a small amount of tears to be drawn up and then processed to measure the (MMP-9) meralloproteinase-9 which is an indicator of inflammation. Called INFLAMADRY from Rapid Pathogen Screening company.  
        Omega 3 capsules are of benefit for some patients as noted previously.  However, not all omega 3 capsules are the same.  The amounts of long fatty acid chains DHA and EPA are essential to total body health and not manufactured in the body while omega 9 is found in foods and vegetables and is manufactured in the body.  Too much of the omega 6 fatty acids maybe inflammatory to the body and needs to be balanced by additional omega 3 to provide a good 3 to 6 ratio for the tears and possibly for general health. Omega fatty oils appear to thin meibomian gland secretions, reduce inflammatory components and help stabilize the tear layer.
       Many offices are utilizing a patient questionnaire to help determine the severity of the dry eye symptoms.  (see table 2). The patient can complete this when checking into the office prior to the exam.  This allows the eyecare practioners to better evaluate the patient symptoms and complains and helps to determine the correct treatment.    The dry eye is becoming more of concern to surgeons performing cataract surgery. 
        A poor tear layer affects vision quality and poor, blurry, distorted vision becomes a problem especially when the patient chooses to have a multifocal intraocular lens implanted.  The dry eye needs to be discussed with patients before surgery and treated before undertaking expensive intra-ocular lens options.  Pterygiums are fibrous growths nasally on those persons born near the equator and are thought to be due to ultraviolet sunlight and dry dusty climates.  Removing the pterygium without treating and discussing the condition opens up the possibility of regrowth of the pterygium.
Table 2 Dry Eye Questionnaire
NAME






DOB.  


M/F
	Do You use 
	
	How often
	Scale 1-5. 

1=rare 5 = all time
	Comments 

	
	Eye drops
	
	
	

	
	Hot/cold  compresses
	
	
	

	Are your eyes 
	
	How often
	Scale 1-5
1=rare 5 = all time
	

	
	Itchy 
	
	
	

	
	Sore/hurt
	
	
	

	
	Scratchy/sticky
	
	
	

	
	Dry 
	
	
	

	
	Burning 
	
	
	

	
	Watering
	
	
	

	
	Red
	
	
	

	
	Sensitive to light
	
	
	

	
	Does your vision fluctuate
	
	
	

	
	
	
	
	

	Is you mouth dry
	
	
	
	

	Do you use contacts
	
	
	
	

	Do you have seasonal allergies
	
	
	
	


We have covered a frequent chief complaint for patients as they present for an eye evaluation, the DES, OSD complex presentation, diagnosis and complex treatment options.  Today’s environment with increasing pollution indoor and outdoor adds to complaints related to dry eye.  Allergies contact lens wear and our new digital devices all contribute to the problem we call dry eye.  We have seen that this complex disorder can cause many varied complaints and that testing will aid but not solve the dry eye problem. 
 It is well to remember that once DED/OSD starts if not treated it can progressively and insidiously become a chronic condition that is more difficult to remedy.  Age, Female sex, systemic disease, medications, environment, contact lens wear, digital devices including television, all contribute to dry eye complaints.
       Treatment for DED / OSD depends on the underlying cause.  If the eye is dry is it due to evaporation or meibomian gland disfunction which allows the tears to evaporate quickly?  If so then meibomian gland MGD disorder needs to be addressed with lid hygiene methods, warm soaks, oral or topical antibiotics, lid scrubs, shampoo or hypochlorous acid like solutions, mechanical expression of the glands and OTC tears to help until stable.  At times topical steroids are prescribed to reduce inflammation of the lid glands.  But patients forget that this is a chronic disorder and needs to be carried out daily to prevent recurrence.  If contact lenses are being worn is there GPC, giant papillary conjunctivitis or an allergic component that is affecting the palpebral and bulbar conjunctival accessory glands?  If so then topical antihistamine drops, not first choice because they can cause dry eye, mast cell stabilizer drops, or low dose steroid drops can be of help in controlling the condition.
         Replacement tear drops OTC are many and varied.  If one was far superior to others there would not be so many on pharmacy shelves.  Prescribed drops include cyclosporin solutions, and lifitegrast that help to reestablish the accessory conjunctival glands and reduce discomfort.  A novel approach is the use of patient serum made from their drawn blood to formulate an artificial tear that the patient uses instead of OTC drops.   The use of omega fish oil compounds will aid some patients and we now have OTC drops that contain omega oils.  
         It should be apparent now that dry eye is a problem for the patient and the practioners.  That there are many contributing factors affecting what we refer to as DRY EYE DISORDER or OCULAR SURFACE DISEASE and that the consequences of the condition disrupts the daily activities of patients and their ability to enjoy life and good vision.  It would be a great leap forward if there was one test and one treatment for all the varied DRY EYE complaints
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Figure 1 the tear layer and interface with cornea epithelium provides a smooth surface optically and visually stable surface





Fig. 2. Lacrimal system and tear flow with each blink
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