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INTRODUCTION

If you are reading this document, it is probable that you, or someone
close to you, has diabetes and has been diagnosed with diabetic
retinopathy. The purpose of this document is to help you, your
family, and your friends understand diabetic retinopathy. It is
important to know how diabetic retinopathy affects eyesight, what
factors can affect the disease, and what can be done about it.
Diabetic retinopathy can cause permanent loss of eyesight and even
blindness. However, if a person with diabetes receives proper eye
care regularly and treatment when necessary, diabetic retinopathy will
rarely cause total blindness.
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How the eye works

Before we talk about what can go wrong, it is important to understand how the
eye works when it is working properly.
The eye is like a camera. When you take a picture, the lens in front of the
camera allows light through and focuses that light on the film that covers the
back inside wall of the camera. When the light hits the film, a picture is taken.
The eye works in much the same way. The front part of the eye (the cornea,
pupil, and lens) are clear and allow light to pass through. the light also passes
through the large space in the center of the eye called the vitreous cavity. The
vitreous cavity is filled with a clear, jelly-like substance called the vitreous or
vitreous gel. The light is focused by the cornea and the lens onto a thin layer of
tissue called the retina, which covers the back inside wall of the eye. The retina is
like the film in a camera. It is the seeing tissue of the eye. When the focused
light hits the retina, a picture is taken. Messages about this picture are sent to
the brain through the optic nerve. The brain the interprets these messages and
this is how we see.
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The retina has two parts: the peripheral retina and the macula. If you imagine
the retina as a circle with a bull’s-eye at the center, the macula is like the bull’seye, it is very small. The large area of the retina that surrounds the macula and
makes up 95% of the retina is called the peripheral retina.
The peripheral retina gives us vision to the side called “peripheral” vision. It is
this part of the retina that is at work when we see something out of the corner
of the eye. Because the peripheral retina is not able to see detail clearly, we
cannot use the peripheral vision to read, thread a needle, drive, or even
recognize a face. If you see someone off to your side, “out of the corner of your
eye,” you may be able to tell who it is because you recognize the person’s
general shape, but you won’t be able to see the expression on the person’s face.
In order to see fine detail, you must look straight ahead, using the macula, the
“bull’s-eye” center of the retina. Even though the macula makes up only a small
part of the retina, it is one hundred times more sensitive to detail than the
peripheral retina. The macula allows you to see tiny detail, read fine print,
recognize faces, thread a needle, read the time, see street signs, and drive a car.
If you look at the figure on page 5, where the word “macula” is seen in bold red
letters, and look directly at that word, you are looking at it with your macula.
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If you keep your eye fixed on the word “macula,” you are aware of other words
on the page because of your peripheral vision, but you won’t be able to read any
of the other words well. If you can read them clearly, it is because you moved
your eye and are looking at those words instead of at the word “macula.” The
only way to see detail is by using your macula.
If you look at the figure on page 4, you will notice the many blood vessels in the
retina. It is these blood vessels that bring oxygen and nutrition to the retina. In
order for the peripheral retina and macula to work properly, the blood vessels
must be normal. Diabetes causes the retinal blood vessels to become abnormal
resulting in diabetic retinopathy.
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Two Kinds of Diabetic
Retinopathy
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In diabetic retinopathy the blood vessels
of the retina become abnormal which may
cause problems with eyesight. Normally the
blood vessels in the retina do not leak. In
diabetic retinopathy, the retinal blood
Non proliferative diabetic retinopathy (
vessels develop tiny leaks. These leaks cause
(NPDR)
fluid or blood to seep into the retina,
wet and swollen retina
especially the macula. When the leakage
accumulates in the macula, the macula
then becomes wet and swollen and cannot
work properly. This is called macular edema
and central vision becomes blurred. The
form of diabetic retinopathy caused by
leakage of the retinal blood vessels is called
non-proliferative diabetic retinopathy
Proliferative Diabetic Retinopathy
(abbreviated:NPDR). Another problem
(PDR)
with the retinal blood vessels in diabetes is
that they can become obstructed. The
retinal tissue, which depends on those
vessels for nutrition, will no longer work
properly. The areas of the retina in which
the blood vessels have become obstructed
neovascularization
then stimulate the growth and proliferation
of new blood vessels, called
neovascularization. Neovascularization can
cause bleeding and scar tissue that may result in severe loss of vision or
blindness (total loss of vision). The form of diabetic retinopathy in which
neovascularization develops (proliferates) is called proliferative diabetic
retinopathy (abbreviated: PDR).
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Fluoroscein Angiography

When Dr. Ward diagnoses diabetic retinopathy a special test called a
fluoroscein angiogram will most likely be preformed. The test involves using a
dye called fluoroscein which is injected into one of the veins in the hand or
arm. The dye travels throughout the body, including the eyes. With a very
sophisticated imaging system, a series of digital photographs ( not x-rays) are
taken as the dye travels through the retinal blood vessels. The photographs will
show the degree of diabetic changes that are present, including blood vessel
leakage, blood vessel closure, and new blood vessel growth. It will also serve as
a road map to guide Dr. Ward as to the placement of any laser treatment that
would need to be preformed. The dye itself is very safe but on occasion can
cause irritation at the injection site, temporary nausea/vomiting, itching, and
in very rare circumstances anaphylaxis.
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Normal retinal blood vessels are watertight and do not leak. In diabetes, the
retinal blood vessels can develop tiny leaks. Blood and fluid seep from the retinal
blood vessels, and fatty material (called exudate) deposits in the retina. This causes
swelling of the retina, which is called nonproliferative diabetic retinopathy
(NPDR). When this occurs in the central part of the retina (the macula), it is
called macular edema and vision will be reduced or blurred. Leakage elsewhere in
the retina will usually have no effect on vision.
A patient with macular edema, or with exudate in the macula, will experience
some loss of vision, including blurring, distortion, or darkening. If one eye is
affected, the other eye is frequently affected also, though the problem may not be
equally severe in both eyes. If the diabetic retinopathy has affected each macula
severely, central vision may be lost from each eye. But even the ability to see
detail has been lost from both eyes, the person with severe NPDR will usually be
able to get along fairly well by learning to use the areas just outside the macula to
see some detail. This ability to look slightly off center usually improves with time,
though the eyesight will never be as good as it was before the macula was
damaged by the leakage of blood vessels. So patients who have severe NPDR will
usually be able to see well enough to take care of themselves and continue those
activities that do not require detail vision.
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Early Diagnosis of Nonproliferative
Diabetic Retinopathy (NPDR)
It is important that patients be aware of how well they are seeing with each
eye. If a patient can detect a problem with vision very early, the chance of
saving eyesight with laser surgery is much greater. Once the macula has been
damaged, laser surgery is generally not as helpful. For this reason, everyone
should test the vision in each eye separately, each day.
One way to test vision in order to detect even small changes when they first
appear is to use an Amsler grid (shown below).
To use an Amsler grid follow these instructions:
1. Wear your reading glasses and hold the Amsler grid at a normal reading
distance.
2. Cover one eye.
3. Look at the center dot and keep
looking at it at all times
4. While looking directly at the
center, notice that all the lines are
straight and all squares are the
same size
5. If you notice any change in the
grid such as distortion, blur,
discoloration, or other
abnormality that persists contact
Dr Ward’s office.
6. Test the other eye in the same
manner

Treatment for Nonproliferative
Diabetic Retinopathy (NPDR)

When NPDR is present and significant (not of a minor degree) swelling of the
retina exists that potentially could or does threaten a patients vision, laser is used
to seal areas of diabetic leakage in an effort to slow or prevent further vision loss.
This is easily accomplished when fluoroscein angiography demonstrates that the
areas of diabetic leakage are focal in nature and far enough from the center of the
macula so the laser itself does not cause damage. A large study (Early Treatment
Diabetic Retinopathy Study) demonstrated that laser can reduce the chance of
vision loss by 50% and sometimes improve vision.
When fluoroscein angiography demonstrates that diabetic leakage is not focal in
nature but noted to be diffuse or areas of leakage are to close to the center of the
macula to warrant safe treatment, Dr. Ward may recommend using one of two
drugs in an effort to dry up swelling. Avastin or kenalog can be used through
gentle placement of either drug into the eye after topical and local anesthesia are
administered.
Avastin is a very powerful inhibitor of blood vessel leakage. It has been
demonstrated to have significant ability to decrease retinal thickening and often
times result in improvement in visual acuity or other visual symptoms. The effects
of avastin wear off and often times injections have to be repeated. The risks
associated with using this drug are small but because it involves an injection there
is the risk of infection and retinal detachment. Dr. Ward has preformed thousands
of these injections and fortunately has had neither occur.
Kenalog is a steroid and seems to have a longer lasting effect than avastin. It also
can decrease retinal thickening and my improve vision. Unlike avastin, however, it
has the drawback of increasing the risk of cataract and glaucoma along with the
risks of the injection itself (retinal detachment and infection).
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Laser surgery

Laser surgery can be very helpful for the treatment of diabetic retinopathy. The
laser beam is a high energy light that turns to heat when it is focused on the parts
of the retina to be treated; this is called photocoagulation. In non-proliferative
diabetic retinopathy (NPDR), the laser either seals the leaking blood vessels of the
retina or reduces their leakage and allows the macula to dry. In proliferative
diabetic retinopathy (PDR), the laser destroys the diseased portions of the retina.
This causes neovascularization to stop growing, become inactive, and in some
cases, disappear. Laser surgery also reduces the chances that the
neovascularization will occur again.
The major purpose of laser surgery is to prevent further visual loss. Laser
surgery may not always be necessary and, in some cases, may not be possible
because of the degree or severity of the diabetic retinopathy may be to great. The
decision to use laser depends mostly on the type of diabetic retinopathy, its
severity, and Dr Ward’s judgment regarding how well you my respond to laser
surgery.
Because diabetes is a condition for which there is currently no cure, the diabetes
may continue to damage the retina. Even following laser surgery some patients
continue to lose vision and require either further laser surgery or vitreous surgery
(discussed later). But when laser is the right treatment chances are it can prevent
further vision loss.

Proliferative
Diabetic Retinopathy (PDR)
new blood vessels having caused
bleeding into the vitreous

In PDR, retinal blood vessels become obstructed, and large areas of retina lose
their source of nutrition and oxygen. When this happens, peripheral, or side,
vision is usually reduced, and the patient’s ability to see at night and to adjust
from light to dark is often diminished.
As a result of this loss of nourishing blood flow, the retina responds by
developing new blood vessels that are abnormal and are called neovascularization.
The development of neovascularization is the retina’s attempt to compensate for
the obstruction of its own blood vessels and the loss of nourishment. Many
people with diabetes have some obstruction of retinal blood vessels without ever
developing neovascularization. But when neovascularization develops, it is
dangerous to the eye. Neovascularization does not nourish the retina properly,
and may cause other problems. One problem is bleeding into the vitreous cavity
(called vitreous hemorrhage). A second problem is the growth of scar tissue on the
retina; the scar tissue can pull the retina off the back wall of the eye; this is called
a traction retinal detachment. Either of these serious problems, vitreous hemorrhage
or traction retinal detachment, can lead to severe loss of vision or even total
blindness.
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Laser Surgery for Proliferative
Diabetic Retinopathy (PDR)

All people with diabetes should be examined regularly to be sure that
neovascularization is not developing.
If the amount of neovascularization reaches a certain level, laser surgery can
be done and this often prevents loss of vision. The type of laser surgery that is
done for neovascularization is called panretinal laser photocoagulation (PRP). This
type of laser may be done in one or more sessions. The idea is to use the laser to
destroy all of the damaged areas of retina where the blood vessels have been
obstructed. When these areas are treated with the laser, the retina is likely to stop
manufacturing new blood vessels, and those that are already present tend to
become inactive or disappear.
There are side effects of panretinal laser photocoagulation. When only a small
amount of neovascularization is present, Dr. Ward may suggest careful follow-up
examinations. But the longer the eye remains untreated the more likely vision
will be lost and blindness will occur. The earlier severe neovascularization is
discovered and the eye is treated with laser, the more likely blindness can be
prevented. If you have developed neovascularization, Dr. Ward will advise you
about when panretinal laser photocoagulation should be done.
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Laser Surgery for Proliferative
Diabetic Retinopathy (PDR)
(continued)
panretinal photocoagulation
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no laser placed in center

Panretinal laser photocoagulation does not improve vision; but it is the best
possible means of holding vision stable to prevent further loss. After laser
surgery, patients may still have reduced vision or may continue to lose more
vision. But if panretinal laser photocoagulation is indicated, the chances are very
good that it will reduce the chance of severe vision loss.
Panretinal laser photocoagulation is placed on the sides (periphery) of the
retina, not the center. Afterwards, side (peripheral) vision may be diminished to
some extent. These side areas are sacrificed in order to save as much of the
central vision as possible and to save the eye itself. Night vision and the ability to
adapt to darkness may also be diminished. Immediately after laser, blurred vision
is very common. Usually, this blur goes away after several weeks, but in a small
number of patients, some blur will continue forever.
Because diabetic retinopathy can occur at any time, the patient who is treated
with laser for either NPDR or PDR should continue to have regular retinal
exams and should let Dr. Ward know if there are any new changes in
symptomatology.

Vitreous
Hemorrhage
blood

vitreous hemorrhage

clear

blood

blood settles after sitting up

Bleeding from retinal neovascularization into the vitreous cavity is called vitreous
hemorrhage.
Symptoms
Mild bleeding from retinal neovascularization typically causes dust-like spots to
appear in front of the eye. More severe bleeding into the vitreous from retinal
neovascularization may cause hair like strands, large floaters, or a curtain-like
opacity covering much of the vision in the affected eye. Because vitreous
hemorrhage is not necessarily associated with any specific physical activity
(although it can occur after strenuous physical activity), people with diabetes are
encouraged to lead a normal life and not restrict their physical activities for the
sake of their eyes. there may be exceptions to this general rule, and Dr. Ward will
help advise you. When a person does notice the sudden appearance of floaters,
spider webs, spots in front of the eyes, or blurred vision, they should notify Dr.
Ward’s office.
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Vitreous Hemorrhage
(continued)
3 port pars plana vitrectomy
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Treatment
It is often helpful for someone with diabetes who develops a vitreous
hemorrhage to remain in an upright or sitting position so that gravity can help
settle the blood to the lower parts of the vitreous cavity. Once the blood settles,
panretinal laser photocoagulation can be done. Laser surgery cannot make the
blood disappear, but it can cause the neovascularization that bled to shrink and
thereby prevent more bleeding into the vitreous. The vitreous hemorrhage that is
present usually disappears with time but may take many months to clear.
If there is so much vitreous hemorrhage that laser surgery is not possible, or if
the blood does not disappear on its own after a period of observation, it can be
removed with an operation called a vitrectomy.
Vitrectomy surgery is done in an operating room at either All Saint’s Surgery
Center or at Oak Hill hospital, under local or general anesthesia. The bloodfilled vitreous gel is removed. It is replaced during the operation either with a gas
bubble or a clear fluid that is compatible with the eye. Over time, the gas bubble
or fluid is absorbed by the eye and is replaced by the eye’s own fluid, although the
eye does not replace the gel itself. The lack of vitreous gel does not affect the
function of the eye.
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Traction
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In PDR, the neovascularization may cause a great deal of scar tissue to develop.
The neovascularization and the scar tissue grow along the surface of the retina
and attach firmly to the back surface of the vitreous gel. The vitreous gel and scar
tissue may contract and pull on the retina and lift it up. When the retina is lifted
up and separates from the back surface of the eye, it is called retinal detachment.
Because the scar tissue and vitreous pull the retina off it is called a traction retinal
detachment. The scar tissue can also tear the retina and this can also cause a retinal
detachment.
Symptoms
When a retinal detachment occurs, the patient may notice a shadow or a very
large, dark area anywhere in the field of vision. When the retinal detachment
includes the macula, the dark shadow will be straight ahead and vision will be very
poor. The neovascularization and scar tissue also can cause visual loss because they
can wrinkle and distort the retina.
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Traction
Retinal Detachment
(continued)
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Treatment
The only way the patient can regain vision is for the retina to be reattached and
the neovascularization and scar tissue to be removed from the surface of the
retina. This is accomplished by vitrectomy surgery. Dr. Ward removes the vitreous
gel from the eye so that it stops pulling on the retina; this releases the traction. The
scar tissue is also removed from the surface of the retina so there is no wrinkling of
the retina. The detached retina and wrinkled retina should flatten and smooth out.
Dr. Ward may also preform panretinal laser photocoagulation during the surgery.
If there are any tears in the retina Dr. Ward may use a gas bubble or other
substance to help seal the tear. Patients may be asked to position following surgery
for a week or so in an effort to position the inserted gas bubble over the correct
area.. Also, travel to high altitudes or in an airplane must be restricted until the gas
bubble dissolves. In time the gas bubble will disappear and be replaced by the eyes
own fluid.
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Obstruction of
Macular Vessels
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If most or all of the retinal blood vessels in the macula become obstructed, the
macula stops working. This causes a loss of central or detail vision. Although
there is no medical or surgical, or laser surgery for this form of diabetic
retinopathy, eyesight may be helped somewhat with the use of special low vision
aides: magnifying lenses for close-up tasks and telescopic lenses for distance.
Patients who have lost macular vision can learn to use some of their peripheral
or side vision to help them see more clearly and to cope more effectively with the
practical tasks of everyday life. Finally, people with diabetes who have lost their
central vision must continue to have regular retinal exams because PDR can
develop and damage the remaining peripheral vision.
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Preventing Diabetic Retinopathy

In diabetes there is to much sugar in the blood. When the blood sugar is
constantly or frequently high, many complications occur: eyesight can suffer,
heart attacks, strokes and other blood vessel problems can occur, and one’s
lifespan can be shortened. When the blood sugar is maintained at a normal level
(below 150) at all times, the complications of diabetes, including serious diabetic
retinopathy, can be reduced. Controlling blood sugar is the single most important
thing a person with diabetes can do to prevent or reduce the complications of
diabetes and diabetic retinopathy.
Type 1 diabetes usually begins at a young age. People with Type 1 diabetes must
take insulin to survive and to control blood sugar. Most people with type 1
diabetes take an intermediate-acting type insulin (such as NPH or Lente) or a
long-acting type of insulin (such as Ultralente) to provide a small, constant level
of insulin throughout the day. In addition, they often take quick-acting regular
human insulin before meals to control the rise in blood sugar that occurs with
meals. Some people with diabetes wear insulin pumps. People with Type 1
diabetes should test their own blood sugar with a glucometer (a blood sugarmonitoring device) several times a day so they can adjust their diet, exercise, and
insulin doses to keep the blood sugar level below 150 and above 60 at all times.
They should follow a diet controlled in carbohydrates and low in fat and
cholesterol. Regular exercise is also very important as it helps reduce blood sugar.
Type II diabetes usually starts in adult life and is often not dependent on insulin
for control of blood sugar. Maintaining normal weight and a diet low in calories,
fat, and cholesterol is very important. blood sugar can be controlled either with
diet alone or in combination with pills to lower blood sugar. In some cases insulin
treatment is also necessary.

Preventing Diabetic Retinopathy
(continued)

All people with diabetes should remain under the care of a general physician,
internist, or endocrinologist, who has a knowledge of the important ways to help
people with diabetes carefully control their blood sugar. The doctor will probably
measure the patient’s glycohemoglobin (which reflects the average blood sugar
level for the past two months) several times yearly, review control of blood sugar,
and look for other complications of diabetes.
In addition to the importance of diet and exercise, there are other factors that
can affect diabetes. High blood pressure is very bad for people with diabetes
because it increases the likelihood of complications, including loss of vision.
Blood pressure should be strictly controlled and kept normal if at all possible.
Smoking is known to be particularly bad for people with diabetes because it
promotes the obstruction of the blood vessels.
Finally the severity of diabetic retinopathy is often related to the length of time
the person has had diabetes. It is unusual for someone with Type 1 diabetes to
have significant diabetic retinopathy during the first 10 years of the disease. After
10 years, and especially after 20 years, most people with Type 1 diabetes have
some retinopathy, although it may not be severe, especially if the blood sugar has
been well-controlled. In people with Type II diabetes, the diabetic retinopathy
may be discovered shortly after, or sometimes even before, the diabetes is
diagnosed.
All people with diabetes, especially those who have had diabetes a long time,
should have regular eye examinations (particularly examinations of the retina,
through a dilated pupil) to be sure that diabetic retinopathy is not developing or
progressing to a level at which laser surgery or other treatment is required.

Conclusion
Hopefully this information has provided you with some
insight into diabetic retinopathy. Dr Ward and his staff
are always eager to answer your questions and encourage
you to be well informed about your disease and potential
treatment options.

