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Introduction


Despite the fact that we count on our eyes for so much in life, most people take the health of these important organs for granted until vision problems arise. Whether you are currently experiencing issues with your eyes and have questions, or you simply want to preserve your eyesight for years to come, you will find this book contains valuable information to meet your needs.


It is only in the past several decades that a significant, international research effort has been directed towards understanding the composition and regulation of the tear film that covers the front of the eye. This effort recognizes that the tear film plays a critical role in maintaining the integrity of the cornea and conjunctiva, protecting against undesirable microbes, and preserving visual clarity. In addition, research has been stimulated by the knowledge that alterations to or deficiencies in the tear film, which occur in innumerable individuals throughout the world, may lead to eye dryness, ulcer formation in the cornea, an increased incidence of infectious disease, and potentially pronounced visual disabilities and blindness.


The goal of this book is to give you a voice in your interactions with your eyecare professional so that your dry eye condition can be resolved quickly and completely. Shared decision-making is a key component of patient-centered healthcare, in which doctors and patients work together to make decisions and select tests and treatments based on science that balances risks and expected outcomes with patient preferences and values. Shared decision-making helps doctors and patients agree on a healthcare plan. If you participate in the decision-making and understand what you need to do, you are more likely to follow through with your therapy and achieve a successful outcome. Often, there is more than one reasonable option, or no single option that has a clear advantage.


This book takes a close look at dry eye disease, from the basics of this condition to how you can take advantage of personalized medical treatments and lifestyle modifications to resolve it. Part One begins by providing the reader with some basic information on the eyeball, including a detailed breakdown of the anatomy of the eye, a description of how the eye sees, and an explanation of the importance of the tear film to eye health. It then defines dry eye and outlines its effects on vision and eye health. Finally, it lists the many causes of dry eye and the ways in which a doctor can test for this condition.


Part Two deals with the treatment of dry eye, focusing first on the numerous medical therapies available, such as artificial tears, anti-evaporatives, and prescription drugs. From there, it takes a nutritional approach to dry eye therapy. It describes how oxidative stress and inflammation are associated with dry eye disease, and then details the nutrients that have proven effective in tempering these issues. Finally, it provides a list of foods that contain significant amounts of these nutrients and suggests supplements that can fill in any gaps in your diet.


Once you have a firm grasp on the basis of your dry eye condition and how you can alleviate it, you will be able to bring all the tools at your disposal together and use them to move past this debilitating problem and the daily impairment it causes.




Part One





Dry Eye Basics


In order to know how the condition of dry eye can affect your eyes and visual system, it’s important to become familiar with the basic anatomy of the eye. The first part of this book begins by describing the structure of the eye, how light enters this organ, the path light travels once it enters the eye, and how images are formed in the brain. It then explains how dry eye is currently defined, the different types of dry eye, and the effects this condition can have on your eyesight and eye health. Finally, it details the most common causes of dry eye and provides helpful information on how doctors test for dry eye, allowing you to feel confident in having a dialogue with your eyecare provider in regard to your possible dry eye condition and what your next steps should be if you have it.
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Eyeball Basics


Like most people with eye conditions, you probably never thought about the health of your eyes until a problem arose. More than likely, you’ve been concerned only with how clearly you can see when driving or reading. If you are affected by dry eye and have seen your doctor about it, you may have found it difficult to understand the clinical explanation of this condition. When trying to determine the contributing factors of dry eye, doctors consider not only the tear film of each eye but also other anatomical features. If you don’t know much about the structure of your eyes and lack a basic idea of how your eyes work, you won’t be able to comprehend fully what is happening to them. This chapter aims to give you a basic sense of the different structures of the eye and how they relate to each other. Hopefully you can use this information to present your eye doctor with a more accurate description of any eye health or vision issue you may be experiencing.


THE ANATOMY OF THE EYE


Although it is only about an inch in diameter and three inches in circumference, the eye is one of the most complex organs of the human body. This slightly asymmetrical globe has many parts that work together to provide you with your sense of sight. (See Figure 1.1. “The Anatomy of the Eye” on page 6.)
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Figure 1.1. The Anatomy of the Eye.





SCLERA


The sclera is the dense white outer covering of the eye that is otherwise known as the white of the eye. The main purpose of this vital part of the eye is to provide support and protection for the inner eye structures and to attach the eye to the six muscles that control its movement up and down and from side to side.


The cells that make up the sclera are white in color, but some blood vessels do pass through the sclera towards other tissues. When these vessels become swollen or dilated, the eyes may appear bloodshot, which refers to a redness of the eyes. More often, though, a reddish looking eye is the result of irritation to the conjunctiva, which is the thin, normally transparent membrane that covers the sclera and lines the inside of the eyelids.


CHOROID


Located just inside the sclera, covering the same area as the sclera, is the choroid. The middle layer of the eye wall, the choroid is sandwiched between the sclera and the very thin light-sensitive inner layer known as the retina. The choroid is made up of blood vessels that deliver oxygen and nutrients to the retina. It also provides oxygen and nutrients to other structures found inside the eye.


CORNEA


The cornea is the transparent dome-shaped structure that covers the front of the eye. Together with the sclera, it makes up the outer surface of the eyeball and supports the eye’s internal structures. The cornea also acts as the eye’s outermost lens, functioning as a window that helps control the entry of light into the eye. When light hits the cornea, the cornea refracts (bends) the light through the lens as it makes its way back to the retina. In fact, the cornea provides up to 75 percent of the eye’s focusing power.


Unlike the vast majority of the structures in the body, the cornea does not contain any blood vessels. Instead, it receives nourishment from the tear film that covers it and from the aqueous humor, which is directly behind it.


AQUEOUS HUMOR


The aqueous humor is a clear fluid that fills the small chamber between the cornea, which is in front of it, and the iris, which is behind it. The aqueous humor holds much of the nutrition that supports the tissues in this area, which include the lens of the eye. The aqueous humor flows into and out of the eye on a regular basis. When this flow is not properly controlled, potentially damaging eye pressure conditions such as glaucoma, which refers to abnormally high eye pressure, can result.


IRIS AND PUPIL


The iris is the colored portion of the eye found in front of the lens. (See the following discussion on the lens.) This ring-shaped structure regulates the amount of light that enters the eye through the pupil, the round opening in the center of the iris. When you look directly at someone’s eye, the pupil looks like a black spot in the middle of the colored iris. The iris contains muscles that allow the pupil to get bigger (to open up or dilate) when there is relatively little light, or to get smaller (close up or constrict) when the light is bright.


LENS


Situated behind the iris, the lens, also called the crystalline lens, is a transparent structure made of flexible tissue. It is biconvex in shape, meaning that it is thicker in the middle and thinner on the edges. The lens’s elasticity allows it to change shape and focus on objects that are different distances from the eye. When the lens is stretched and thin, it can focus on distant objects. When it becomes thicker and more rounded, it increases in power and can focus on objects that are closer. The ciliary muscles attached to the lens facilitate these shape changes. The lens is the second part of the eye that works to focus images on the retina, the first being the cornea.


A healthy lens is clear. When it has developed what is known as a cataract, or a clouding of the lens, vision is affected.


VITREOUS HUMOR


The vitreous humor is a clear gel-like substance that fills the large central chamber of the eye between the lens and the retina. Because the gel is firm, it helps maintain the spherical shape of the eye and supports the retina. Because it is clear, light can easily pass through it. Unlike the aqueous humor, which flows into and out of the eye, the vitreous humor is a stagnant (unmoving) fluid. If a substance enters this gel, it remains suspended there. These suspended substances are collectively referred to as floaters. During the prenatal stage of development, blood vessels grow through the vitreous humor to feed the developing front of the eye. Just prior to birth, these blood vessels dissolve—mostly. Those cells that do not dissolve remain suspended in the middle of the vitreous.


Throughout most of your life, you typically do not notice these small cells, but as you age, the vitreous humor softens into a fluid gel, and these cells begin to “float” around. When they move near the retina or macula and you look at a bright light, the floaters can cast shadows on the retina, appearing as black spots or threadlike fibers. New floaters can also form when protein fibers from the vitreous gel clump together. It is normal to see some floaters as you age, but if you suddenly begin seeing large numbers of them, it is important to contact your doctor, as this can be a sign of a detached retina or another retinal disease.


RETINA AND MACULA


The retina is a thin layer of tissue that lines the back of the eye. The purpose of this structure is to receive the light that is focused by the lens, convert it into neural signals, and send the signal to the brain for interpretation. Human beings have what is sometimes called a “camera-type eye.” The cornea and lens focus light onto the light-sensitive retina just as a camera lens focuses light onto film.


The central part of the retina, called the macula, offers sharp, detailed vision—the type of vision needed to thread a needle or read a book. Visual acuity is highest in the fovea, a small dimple found in the middle of the macula. We refer to the fovea and the macula as the macular region. When we discuss macular degeneration, we refer to this region.


The retina is composed of several layers of cells, and one layer is embedded with specialized cells known as rods and cones. Called photoreceptors because they respond to light, each of these cell types has a particular function. The long, slender cells known as rods are responsible for vision in low levels of light, and therefore are essential to night vision. Cones, on the other hand, are active in higher levels of light and respond to colors, and therefore are essential to daytime vision. Our sharpest vision comes from the cones, which work under most light conditions and provide detail.


Rods and cones are not evenly distributed throughout the retina. Cones are found in greatest concentration in the area of the macula, and rods are found in the outer edges of the retina. This is why the most important detailed images are formed at the macula, while the rest of the retina provides peripheral vision—the vision at the edge of the visual field. When cones and rods receive information provided by light, they convert this information into electrical signals, which are then transmitted to the brain via the optic nerve.


OPTIC NERVE


Located in the back of the eye, just off the center of the retina, the optic nerve uses electrical impulses to transfer the visual information received by the retina to the vision centers of the brain. The retina, which is described in detail in the previous section, contains ganglion cells, which are specialized nerve cells that receive signals from the rod and cone photoreceptors. The optic nerve is composed of the thread-like fibers of the ganglion cells, with each optic nerve—one from each eye—containing about one million nerve fibers. The two optic nerves meet in the brain, where the electrical impulses are converted into images.


HOW THE EYE SEES


Vision begins when light passes through the cornea, which starts the focusing process by bending the light so that it can enter the eye. The light then moves through the aqueous humor, through the pupil, through the lens, where the image is further focused, and then through the vitreous humor. Finally, the image is focused onto the retina (most acutely onto the macular area), where the light stimulates the rod and cone cells. The rods and cones convert the light into electrical signals, which are sent to the visual cortex of the brain via the optic nerve. The brain then reconciles the two slightly different images it receives—one from each eye—and creates a single image. Thus, your vision is really the result of two processes: (1) the eye receiving light, and (2) the brain interpreting the signals from the eye.


THE IMPORTANCE OF THE TEAR FILM


While the cornea is considered the first anatomical structure of the eye that light passes through as it makes its way into the eye, technically the first surface that light meets is the tear film, or precorneal film, which floats in front of the cornea. The integrity of the tear film is important in maintaining the optical quality of the image the eye receives. The aqueous fluid inside the anterior chamber of the eye and the tear film on the outside of the cornea both contribute to the integrity and moisture of the cornea.


There are several types of tears that are produced by lacrimal glands in several places around the eye. The first type is called basal tears, which are produced by glands in the conjunctiva. They lubricate the eye and keep it clear of dust and debris. The second type is known as reflex tears, which are produced and secreted in response to the presence of an irritant such a foreign body or irritant fumes. The third type is called psychic tears, which occur in response to strong emotions, such as sadness, extreme stress, or even happiness.


Despite the fact that the tear film is extremely thin—about 3 microns (3 millionths of a meter) across (a human hair is about 75 microns)—it comprises three general layers: the mucin layer, the aqueous layer, and the lipid layer. These layers are not separated by any particular structure, so they are somewhat blended together, with the density of the proteins in the tears defining the different layers.


Mucin Layer


The mucin layer is the innermost layer of the tear film, closest to the cornea. Produced predominantly by goblet cells in the conjunctiva, mucins are proteins that form a gel-like coating of mucus over the cornea. This layer of mucus allows the watery layer above it to wet the surface of the cornea evenly, aiding in the retention of moisture. In addition to assisting in the lubrication of the cornea, the mucin layer also acts as a protective barrier against bacteria and viruses.


Aqueous Layer


Produced by the lacrimal glands, the aqueous layer is the thickest portion of the tear film. As its name suggests, it is the watery component of the tear film. It hydrates the cornea, flushes out particles, and helps prevent infection. It also contains many of the nutrients that support the health of the cornea.


Lipid Layer


The lipid layer is the outermost portion of the tear film. It is produced by the meibomian glands, which are located within the structure of the eyelids. These glands produce the oils that make up the lipid layer, which are squeezed out of these glands and spread over the eye with each blink. This oil-based component coats the aqueous layer, providing a seal for the tear film, which reduces evaporation of the tear layers below and limits any spillage of tears onto the cheeks.


CONCLUSION


Now that you are familiar with the anatomical structure of the eye and how it functions to provide you with your sense of sight, you are better equipped to understand eye problems and how they can impact your eyesight and lifestyle. Having learned about the tear film, you may already have some ideas about what dry eye is and what causes this condition. The following chapter will define this troubling disorder and provide information regarding its development and effects.
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What Is Dry Eye?


Known by a variety of names, including dry eye syndrome, dry eye disease, ocular surface disease, and just plain dry eye, this common ocular disorder is one of the main reasons for visits to the eye doctor. Unfortunately, as dry eye is not necessarily a sight-threatening condition, many health and eyecare professionals do not think it deserves much thought. If you are affected by dry eye, however, you know how frustrating it is and how damaging it can be to your life. The fact is that dry eye can make even the simplest task difficult to accomplish.


Dry eye may result from disruption of the production of any tear film component, alteration of the distribution of tears, or disturbance of the tear film layers. Although each form of dry eye may exist in isolation, frequently there is a mixed presentation depending upon the underlying disease process and its duration.


While this condition might seem straightforward, the definition of dry eye has been many years in the making. In the 1970s, once doctors began to recognize a similar series of physical symptoms in their patients, they started to refer to them collectively as dry eye syndrome (DES), also called keratoconjunctivitis sicca (KCS). In general, it was considered a disorder of the tear film caused by diminished tear production or excessive tear evaporation. Many factors became associated with the possible onset of dry eye. As the number of people affected by this problem grew, so did the number of factors thought to contribute to dry eye. This increase in awareness led to the American Optometric Association to define dry eye as “any condition that reduces the production, alters the composition, or impedes the distribution of the pre-ocular tear film may cause a noticeable degradation of vision and irritation to the structures of the front surface of the eye.”


In 2006, a group of international professional researchers known as the Delphi Panel convened to develop treatment recommendations for dry eye patients. This panel proposed a new term for the condition: dysfunctional tear syndrome (DTS). The main outcome of this convention was treatment recommendations for different types and severity levels of dry eye disease, which were based primarily on patient symptoms and signs.


In 2007, Tear Film and Ocular Surface Society (TFOS) created a “Dry Eye Workshop” (DEWS) made up of international eyecare professionals involved in the study of dry eye. These professionals were charged with developing a new definition of the condition. The workshop termed the problem dry eye disease (DED) and defined it as “a multifactorial disease of the tears and ocular surface that results in symptoms of discomfort, visual disturbance, and tear film instability with potential damage to the ocular surface. It is accompanied by increased osmolarity [salt concentration] of the tear film and inflammation of the ocular surface.”


In 2017, TFOS reassembled its Dry Eye Workshop. Known as DEWS II, this workshop published an updated version of the original DEWS report. As part of this update, the group formulated a new definition of dry eye disease, which states, “Dry eye disease is a multifactorial disease of the ocular surface characterized by a loss of homeostasis (physiological balance) of the tear film, and accompanied by ocular symptoms, in which tear film instability and hyperosmolarity, ocular surface inflammation and damage, and neurosensory abnormalities play etiological roles.” This definition expands upon the 2007 description to include more known causes and ramifications of the disease. Currently, the term ocular surface disease (OSD) has come to be used interchangeably with the term dry eye disease by eyecare professionals.


Clearly, whether it is called a syndrome, disease, disorder, or condition, dry eye is a problem whose definition is still a work in progress. As the science of tear chemistry continues to develop, it is likely that more details of dry eye will become known and lead to better treatment options or, hopefully, prevention of this condition.
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