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ABSTRACT
INTRODUCTION

Eye floaters are probably one of the few things in medicine, or ophthalmology, that receives virtually no publicity, or research funding, as a problematic medical condition.  Eye floaters are caused by degeneration of the vitreous body, thus the technical name for eye floaters is vitreous floaters.  Vitreous floaters are one of the most common eye findings in people aged 40 and over. 

THE ANATOMY OF THE EYE  

The eye is really quite a simple structure. The eyeball is approximately 23 mm in diameter. The clear front window of the eye is called the cornea.  The cornea is what people put their contact lens on, it is what a surgeon points his laser at for refractive surgery, and it is what surgeons do Lasik on. Behind the cornea is the iris, and the iris of course is a diaphragm, just like the iris in a camera.  It opens and closes to let in a greater or lesser degree of light through the pupil.  The pupil of the eye is not a physical body.  The pupil of the eye, the little black dot that we see, is just a space that we recognize.  The ancient Greeks named it "pupil" because pupil in Greek means little person, or more precisely, little doll. If you look in somebody's eyes, you see a little reflection of yourself – that little empty spot of the pupil.  Within the space behind the iris is the lens of the eye.  The lens of the eye is, about 10 mm in diameter.  Normally, it is crystal clear.  The lens is a living cellular structure.  Its cells are constructed in an onion-like structure, with layer after layer after layer being laid down throughout our life.  So the older we get, the thicker the lens of the eye becomes.  Even if you think you have 20/20 vision – what you think is perfect vision when you're 50 is not the same 20/20 vision that you had when you were 15.  Simply because you are looking through more layers: you can see people clearly, but it's not quite the same.  The lens is the structure of the eye that is affected by cataract. Now, moving to the back part of the eye. The back part of the eye, the wall of the eye, is the retina.  It can be compared to the film in a camera; it works by the same principle. The retina takes the photons from light and changes the electromagnetic radiation energy into an electrical nervous impulse, which travels back to the optic nerve and into the brain.  The eyeball really doesn't interpret or do anything.  It is more like a transmission device.  We see with our brains – actually the back part of the brain, the occipital lobe. The space that occupies the sphere behind the lens of the eye all the way to the retina – the space that is almost clear – is what we call the vitreous; the vitreous body.  

THE VITREOUS

The vitreous is a colloidal gel that occupies approximately 85% of the total volume of the eye, 99% of the vitreous is water.  So how is the vitreous constructed?  The vitreous is composed of a collagenous, fibrillar framework, which includes some acid glycoproteins.  But the main structural constituent is hyaluronic acid, a molecule that has a coil-like appearance and gives the vitreous its gel-like characteristic.  Surrounding the vitreous body there is a surface, similar to the surface of a jellyfish. This surface is called the hyaloid membrane. The hyaloid membrane is just a concentration of collagen fibers that encase the whole vitreous body, similar to the way in which a plastic bag would contain a gel. 

Normal, healthy vitreous is optically clear. However, it is a complex substance.  It is polymorphous in nature.  When we look at the vitreous through instruments – such as the slit lamps we use in ophthalmology, the instruments that shine a fine beam of light – we find that it is actually composed of pseudo membranes that float around.  They move like folds and pleats, and they float in front of our view.  Thus the vitreous appears to be clear, but it is really not clear.  It is very gossamer-like.  

The vitreous simply serves as a medium to maintain the shape of the eyeball, and maintain a clear path from the cornea, iris, and lens, back through to the retina.  It is normally free from any diffusing or absorbing elements.  The lens of the eye actually does absorb light because it is a living structure, its cells have nuclei and mitochondria, and all the other things that a cell would have. The vitreous does not have cells and their accompanying organelles. 

VITREOUS FLOATERS 

The vitreous is basically optically clear, but as we age the vitreous changes just like everything else in our bodies. It can undergo liquefaction, opacification, and shrinkage.  Ultimately, the gel converts into the gel-sol state, a more liquid, gel-like state, which is slightly contracted.  This state can be associated with opacities that are formed from collagen. If this happens the whole framework of the vitreous starts to collapse.  When the framework collapses, or when it starts to undergo its degenerative process, we get what we call "floaters" – eye floaters.  Most people who look up at a clear sky can probably see little hair-like things floating through the blue sky – these are floaters.  When the vitreous liquefies, and this can occur even at early ages – myopia, or nearsightedness, is a risk factor for vitreous liquefication – we call that vitreous syneresis. Vitreous syneresis occurs when the vitreous framework liquefies somewhat and we get these little spider web-like opacities floating in the gel. 

However, vitreous floaters can be very, very severe in some patients.  If you get a total collapse of the collagenous framework the vitreous can more or less solidify – or coagulate – into clumps.  If this occurs the vitreous takes on the appearance of a cotton ball.  Patients who have this problem can actually have intermittent obscuration of their vision. They can't see past this opacity. The problem in ophthalmology, and the ophthalmic mind set, is that when a patient normally goes in to an ophthalmologist and says they have something floating in their eye, the doctor sees that the patient has 20/20 vision, and looks at the retina and see no retinal tears, he concludes that the patient is fine and tell them not to worry that it is only an intermittent problem. But for some people that can be a big problem, especially if it's bilateral, and especially if they only have one eye.  There are many more one-eyed people out there than people think, and when this happens to somebody with one eye they don't have the other eye to compensate, for that person this condition can be very problematic.  

There are some other conditions of the vitreous that can cause diffuse degeneration for various reasons.  These include asteroid bodies, and calcium salts and soaps.  However, these conditions are not the focus of this paper. We are interested in vitreous collapse and posterior vitreous detachment. 

When the vitreous collapses we get what is called a posterior vitreous detachment – which is a complete pulling away of the vitreous from its peripheral attachment – the whole vitreous collapses and we are left with something similar to a bag within a ball.  It is like a clear plastic bag that pulls away from the back part of the eye. Sometimes this condition is associated with retinal detachment.  As the gel collapses, the collagenous framework within the gel becomes condensed.  Some of the hyaluronic acid coagulates and forms dense, dense floaters.  When this happens we can get condensation of vitreous opacities.  This is when patients really start to get problems, as you have this little membrane floating around inside the sphere of the eye that can really, really cause disturbances in vision.  

PREVENTION OF VITREOUS FLOATERS

Can we prevent or retard the formation of vitreous floaters?  At present it is not possible to restore the molecular bonds of the clear vitreous after vitreous collapse.  Protein is just a different series of amino acids in a different sequence liked by cross-link bonds.  When protein denatures, the end result is a denatured, broken protein molecule.  When we have a broken protein molecule, how can we make the molecule go back to its original state?  The answer is that we don't know how to put it back together yet.  We do know that what causes proteins to break is a lot of free radical damage, and probably several other things that we are not totally aware of.  

When a molecule is affected by free radicals, molecular bonds are broken and as far as we know right now, they do not mend themselves.  The breaking of protein bonds can be demonstrated very easily.  Inside an egg there is the yolk and the white of the egg, which when uncooked is actually clear  - the white consists mainly of albumin and a few other protein substances. Once the egg is exposed to high temperature, i.e. in a frying pan, the clear white of the egg becomes opaque.  It becomes opaque because the protein bonds in it have been broken and all of a sudden it doesn't have the structural nature that keeps it clear.  It's become cloudy.  The same thing happens in our bodies.  We are bombarded by ultraviolet rays, cosmic rays, and numerous other things and it takes maybe 50 years for all those environmental insults and whatever else we put in our bodies to do the same to us – denature proteins.  If we believe that free radical toxicity is the cause of these protein breakdowns, then it seems logical that anything that is going to decrease free radical toxicity could be beneficial to us.  

Recently, the National Eye Institute sponsored the Age-Related Eye Disease Study (AREDS), a study on macular degeneration, in which patients were given antioxidant vitamins in various combinations and forms.  The results of the study showed that high levels of antioxidants and zinc significantly reduced the risk of developing advanced age-related macular degeneration (AMD) by approximately 25%. The same nutrients were also found to reduce the risk of vision loss caused by advanced AMD by approximately 19%. Macular degeneration is the leading cause of vision loss in the Western World, thus for people with macular degeneration, or for those at risk of it, the findings of this study are highly significant. However, we don’t as yet know if the same nutrients, or a similar cocktail of nutrients will have the same beneficial effects upon the vitreous. What we can say is that as far as we know at present, taking these vitamins won’t hurt you.  Although, there is something that we've learned from these types of studies, various manufacturers have come out with what they call a smoker's formula.  Several studies suggest that elevated levels of beta-carotene in smokers have been associated with higher levels of lung cancer.  So, all these vitamins that we are taking have a two-edged, two-sided point of view.  You've got to look at it both ways.  It's a double-edge sword.  

TREATING VITREOUS FLOATERS

All we know at present is that the denatured protein cannot be restored to its original state as far as we are aware at this time.  Who knows what the future will hold.  It seems unlikely that we are going to get nanomachines in there mending broken molecules, so what can we do?  Fortunately there are some solutions to this problem. 

Vitrectomy – Surgical Removal of the Vitreous

Traditionally, for extremely severe cases, the solution is to surgically remove the vitreous gel. To an ophthalmologist that procedure is known as a vitrectomy. However, most ophthalmologists reserve vitrectomy for either extremely severe cases, in which case the vision is really obscured most of the time from very, very, very severe floaters, or the unusual case where a patient is mentally obsessed by them – and there are some patients like that who simply just cannot live with vitreous floaters.  However, the main reason why doctors do not do this operation on everybody is because this particular operation does have a negative effect on the eye.  It is a positive effect if you have a diabetic hemorrhage and you need to extract all the blood out of your eye, it is a positive effect if you've got membranes growing across your retina.  In these cases the risk/benefit ratio is satisfactory.  But for an otherwise healthy individual who just has eye floaters, removing the gel sometimes is not the best thing to do because past age 40, with the way the surgery is carried out today – where the gel is simply replaced with the normal aqueous that is secreted within the eye – the patient is almost guaranteed to have a cataract within two or three years, or maybe even sooner than that. So you're looking at a second operation.  Therefore, ophthalmologists are very unwilling to take a younger person who has no other eye pathology and actually do something surgically for them.  

Laser Treatment

Fortunately, we have another option.  We can treat them with lasers. The procedure takes, on average, roughly ten minutes. Most ophthalmologists do not even know that this can be done, nor are they interested. At present there are only two surgeons in the US that are offering laser surgery for floaters, myself and John Karicoff who practices in the Washington DC area.  Target a neodymium YAG laser at a floater and it will break it up, and destroy it. Neodymium YAG lasers are commonly used in ophthalmology to open little membranes in the lens after cataract surgery. So how do we avoid hitting the retina? This laser is focused.  It is focused to a point of 6 microns, which is about the size of a white blood cell.  The beam is focused on the floater, and the pulse of the laser lasts for 10-9 seconds, or one nanosecond.  The energy delivered to the target is approximately 4 millijoules, which is a very small amount of energy, but when you are talking about concentrating those 4 millijoules on a 6-micron spot for 10-9 seconds you're talking about a relatively tremendous amount of energy.  

When energy is targeted at such a small point like this electrons are actually stripped from atoms.  It creates a state of matter that we call plasma.  The electrons jump up and down a couple of quantums, and when they come back down they release photons, which is light.  The photons create a secondary mechanical shockwave, which is similar to a static electricity spark.  So it's actually not the stripping of electrons that helps us, it is really the secondary mechanical shockwave. That is what is breaking apart these floaters.  

Treatment can take anywhere between two and six hundred shots with the laser, and sometimes it takes more than one treatment to adequately treat the problem.  Treating floaters in this way does not always mean that we are dissolving 100% of them.  Sometimes we can only remove a floater from the visual access or decrease its density.  Since the vitreous is a gel, these opacities are not bouncing off the walls like a ping-pong ball.  They are just floating in a general sphere.  The floater tends to become problematic for the patient if it happens to be in the visual access. So we break up these opacities. 

What is the success rate for this procedure? The success rate depends on the type of floater that is present. Approximately 95% of people with Weiss rings, which are little ring-like opacities, report a high level of success. Whereas, 80% to 90% of patients with what I consider a fibular degenerative plump, rate the procedure as very successful. What about risk? Like with most things there is a certain amount of risk attached. At the South Florida Eye Clinic approximately 3,000 to 4,000 patients have been treated with this procedure.  Approximately eight patients experienced intraocular pressure rise, and five or six developed small microhemorrhages in the choroid, which is the layer behind the retina, however they all resolved. One or two patients have developed cataracts, which are a potential problem with this type of treatment, however the more experienced the surgeon is, the less of a problem cataract should be. A retinal detachment, which is what most ophthalmologists would consider to be a problem, is not really a problem.  In 15 years, just one patient, has reported having a detachment after treatment. 

CONCLUSION

Our proteins are being broken down as we speak.  We are being bombarded with cosmic rays, x-rays, gamma rays, radio waves, and whatever we ate for breakfast, or drank or smoked last night.  We have to say that nutritional and environmental factors do play a part in the development of vitreous floaters, just like they play a part with probably all other degenerative conditions.  Certain people might have a predisposition towards certain things through various genetic factors that are unknown to us at this time.  Traditional cures can sometimes cause problems that are worse than the disease itself, however as we have learnt laser treatment is a viable alternative to surgery for the treatment of vitreous floaters.  
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