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Diabetic Retinopathy 94

NOW WHAT? Post-Laser Management of Macular Edema

 Upon fi nishing the laser, take a moment to give the patient some post-op “in-
structions.” Even though there really is nothing they need to do or not do after 
a macular laser, patients may fi ll this void with all kinds of self-imposed restric-
tions, depending often on what family and friends tell them. It is important to re-
mind them that there are no activity restrictions subsequent to the laser. Patients 
are often worried that if they strain or lift they will burst the little blood vessels 
that you have just sealed. You want to reassure them that this is not the case at 
all. They have also been told for years that if they use their eyes too much, they 
will go blind or something. It is amazing how many patients will restrict their lives 
by trying to “rest their eyes,” when it makes no difference whatsoever how they 
use them. Even if they don’t ask you about it, you should always take the time 
to reassure patients that they cannot hurt their eyes by using them. The concept 
that one can damage one’s eyes by straining them is so ingrained, especially 
in older patients, that you may fi nd them asking about visual restrictions on a 
regular basis. 

You should remind them that their eyes may be a bit scratchy. (Artifi cial tear 
samples come in handy here—patients may even feel that they actually received 
something of value if they walk out of the offi ce with a free bottle in their hand.) 
Their eyes will often be blurry for a few days—sometimes a week or so—and 
they need to be warned about that as well. You should also remind them, once 
again, that you aren’t doing Lasik and that the goal is to slow things down—they 
cannot expect to suddenly get better after the laser (reread Chapter 6, if neces-
sary).

Most of the studies and texts suggest seeing the patients in three to four 
months. This is probably reasonable, because usually you will not begin to 
detect defi nite changes until this amount of time has passed. On the other hand, 
if someone just fi ddled with your primary sense organ, would you really want to 
be told to come back in four months and good luck? Especially if you are being 
treated for something that you may not be symptomatic for, and that you have 
been told can get worse without you knowing it? 

Cynically, the three- to four-month time frame is also reasonable from a 
fi nancial standpoint, because  Medicare and most insurance companies won’t 
pay squat for an offi ce visit within three months of a laser treatment. (This is 
known as a “90-day global”—the surgical fee includes 90 days of follow-up.) 
As discussed in the next paragraph, it does make sense to see them sooner, 
but because there are no ironclad guidelines you can decide what you think 
is best for yourself and the individual patient. The point is that as you develop 
your own approach to follow-up, you want to be able to periodically look into 
your soul and feel comfortable that you are always serving the best interests 
of the patient and not just serving mammon. Whatever mammon is… 

It may be reasonable to bring these patients back a little bit sooner, perhaps in 
six to eight weeks, simply to review the nature of the disease and the treatment 
and to make absolutely sure things are not deteriorating unexpectedly. This is 
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especially important in patients who have one eye that is seeing much better 
than the eye you have treated—such patients may not know if their bad eye is 
getting worse, because the brain “covers” any blurriness with the vision from the 
good eye. The early visit also gives you a chance to head off any unhappiness 
patients may have with the success of the treatment by reminding them about 
the goals of treating macular edema. (If you are getting a sense that you have to 
repeat this every visit, you are right.) Finally, even if you can’t detect much differ-
ence in the eye, you can at least tell the patient that things are stabilizing, which 
is always encouraging. By the way, don’t forget to take the opportunity to nag 
the patient about their systemic control.

Of course, if the patient has worrisome disease, such as early cystic changes or 
 hard exudates trying to build up in the fovea, you defi nitely want to bring them 
back sooner than three months. These are patients who need close follow-up, 
because if things are going downhill you will need to consider more aggressive 
measures such as  intravitreal therapy. If patients have this type of problem, you 
don’t want to wait to let chronic damage build up. (See the next chapter.) 

Speaking about follow up, here is another useful tip: Get on the phone yourself 
and call the patient about a week after the treatment. Patients may have minor 
questions that they forgot to ask you, and you can address any issues they 
have. You will also be surprised about how many patients will say, “Gee, doc, 
things are not better yet,” meaning, “I realize you told me not to expect any 
improvement and that the goal is to slow things down, but I still thought that I 
was supposed to be able to throw away my reading glasses after your laser.” In 
response, you can once again review the philosophy of treating diabetic retin-
opathy. Finally, patients will be blown away that you took the time to check on 
them. When you do cataract surgery or Lasik, the patient can see for themselves 
the benefi t of your efforts. Diabetic retinopathy patients do not usually get this 
type of reinforcement, and it is reassuring for them to know that you are con-
cerned enough to make the extra effort to communicate. 
  
Some of the toughest patients are those who return with some degree of per-
sistent edema. The original  ETDRS protocol called for repeat treatments until 
the edema had resolved. This ideal goal always sounded really good, but is 
sometimes far more diffi cult to achieve than textbooks would have you think. 
Traditionally, these patients were treated every three months until “the macula 
was dry.” You will rapidly learn that for some patients this approach will vaporize 
the posterior pole. Often the decision to re-treat is more complex and becomes 
a balancing act between six factors:

 1.  The patient’s perception of how they are doing (yes, you have to   
      take a history, darn it). 
 2.  The visual acuity.
 3.  The appearance of the retina relative to the pretreatment appearance.
 4.  Where the swelling is.
 5.  How much treatment has been placed.
 6.  Efforts the patient is taking to improve their control.
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Diabetic Retinopathy 96

If you feel the retina is not responding when you see the patient in follow-up, 
then the traditional approach is to keep treating them with laser—and a recent 
study suggests that, in general, this is still the gold standard.1 However, recog-
nize that if the patient feels they are doing well (and their vision is stable), it may 
be reasonable to monitor them a bit without treatment. You want to be sensitive 
to the fact that the patient may be getting fairly frustrated with the whole pro-
cess—they are going through a lot of effort (and cost) with nothing to show for 
it as far as they can tell. If you just keep hammering away as a knee-jerk refl ex, 
especially if the patient thinks they are stable, you may lose your most valuable 
asset: the patient’s trust. You do not want them to get fed up with the process 
so much that they refuse to come back; they will end up with much worse dis-
ease when they fi nally return in a year or two with symptomatic vision loss. 

As a result, careful observation can sometimes be the best approach, especially 
if they are getting their diabetes under better control. You may fi nd that your 
treatment will work surprisingly well if you just give it more time than the text-
books say, and if your patient’s  hemoglobin A1c is sweet. (Perhaps “unsweet” 
would be a better adjective in this situation—more on this issue in Chapter 20.)

If you watch such patients closely and re-treat parsimoniously, then the patient 
is much more likely to understand what you are doing, and is therefore more 
likely to stick with you for the long term. Your treatment will also be much less 
destructive than if you had continued to treat at every visit simply because there 
was some persistent swelling. Obviously, you don’t want to wait months if you 
think the retina is not as good as it should be—you want to bring these patients 
back soon, so that if they don’t improve you can jump in and do the treatment 
as often as necessary.
 
This is where some sort of visual aid, such as a convincing  OCT or photos of 
hard exudates driving towards the macula, can be very helpful. If you have to 
repeatedly treat a patient who has no symptoms, you can help them to under-
stand the importance of close follow-up by showing them what you are treating. 
Hopefully they will understand that what they perceive with their vision does not 
refl ect the reality of the situation. 

The next section is talking about mild edema that is peripheral, without a 
lot of foveal changes. If you are dealing with bad foveal edema and crashing 
vision, you should not dilly-dally—you should either treat aggressively or refer 
the patient, depending on your situation.

If you think the patient is just not getting it when it comes to additional treat-
ment, it is a good time to consider a second opinion. Even if you don’t need 
one, it is always a good idea to assuage any concerns that the patient might 
have before they go out and do it on their own. 

Please understand that this discussion does not advocate blowing off a retina 
that is not improving after treatment. There are some patients that simply need 
recurrent aggressive treatment to bring things under control. The point is that 
you need to be fl exible with your approach, and keep in mind all of the six fac-
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tors mentioned above when assessing the patient. Some patients, especially 
less sophisticated ones, are not as with you as you may think, and you should 
be prepared to treat the patient’s head and not just their retina in order to keep 
from losing them altogether. As long as you watch the retinal morphology care-
fully, you can bend the rules and monitor patients without continually treating 
them just because the ETDRS toldja to.

What kind of testing do you need to do on follow up? Although some experts 
will get an  OCT and perhaps even an  angiogram at each visit, it is hard to justify 
all that testing unless things are going downhill. It turns out that numbers one 
through six above come down to simply talking to and examining the patient, 
which is often all that is necessary. If you are not sure how the patient is doing, 
an OCT can be an invaluable and risk-free way to fi nd out and you can use the 
results to show the patient exactly how bad things are. 

An angiogram is usually not necessary unless the eye is worsening and one 
needs to know whether there are a lot of new leaks and where they are (i.e., a 
bunch of leaks at the edge of the foveal avascular zone mean it is time for intrav-
itreal treatment; a bunch of new leaks to the side allows precise focal treatment 
without unnecessary retinal destruction). Of course, if you do not have access to 
such testing then you have to rely on your clinical skills—which can be almost as 
good as the most expensive imaging equipment if you are a careful observer. 

Some screwball things to watch for:
1.  Blowing out the macula with too much treatment all at once. This was 
covered in Chapter 8, but it is worth repeating. Sometimes you can get 
carried away on a patient with lots of little microaneurysms and put in a 
ton of treatment because it is, well, fun, and you really feel like you are 
helping. These patients can come back a lot worse—you can literally push 
the edema right into the fovea. Usually you do not see these patients at 
the routine follow up visit. They tend to come in, quite unhappily, a week 
or two after your treatment. Just remember to go easy and don’t end up 
in this fi x.

2.   A paradoxical increase in  hard exudates. There are occasional pa-
tients who demonstrate a very annoying tendency to increase their hard 
exudates subsequent to treatment—even though the retina is actually 
better. This probably represents transient accumulation of hard exudates 
as the interstitial fl uid is pumped out and protein and fats are left be-
hind. However, it is really annoying to put in a beautiful treatment and, 
two months later, have 50% more hard exudates all over the place. The 
key here is to look at the retinal thickness and the vision, both of which 
should be stable to improved. If there is increased retinal thickening, 
then the hard exudates are worse because the patient is worse, and your 
treatment is not holding it back. If the retina otherwise looks good and 
you think you are dealing with this particular situation, it is reasonable to 
obtain photographs and check the patient in about six weeks.

3.  Sometimes patients can have transient worsening of their macular 
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edema subsequent to a severe systemic illness, such as a hospital admis-
sion for cardiac problems or for a signifi cant infection. These patients may 
spontaneously improve over a couple of months as they recover, and it is 
reasonable to watch such patients a bit before automatically treating them 
(assuming they do not have a really worrisome morphology such as hard 
exudates streaming into the fovea or marked vision loss).

What if things are clearly going downhill?

If this is happening, you fi rst need to make sure the patient’s  systemic risk fac-
tors are under control. If you are not getting the information you need from the 
patient or the patient’s doctor, you should do your own evaluation. This would 
include checking the labs, such as   hemoglobin A1c,  lipids, CBC and renal stud-
ies, and checking the blood pressure yourself. Do not ever underestimate the 
importance of systemic control. It is amazing how a hopeless-looking macula 
can turn around with a combination of laser treatment and aggressive systemic 
management. Conversely, it can be very frustrating to treat patients who are 
cavalier about their control and listen to them complain that your lasers aren’t 
helping them as they spring leak after leak in their macula.

Also, don’t forget to check whether they are on one of the  glitazone family of oral 
hypoglycemic agents. These can cause fl uid retention and heart failure, and are 
thought to cause worsening of macular edema.2 Patients whose macular edema 
is exacerbated by these medications usually have problems with systemic 
edema, but it can rarely happen without obvious fl uid retention so you should 
consider this in any patient who has refractory cystic macular edema. You have 
to be careful—you don’t want to scare the patient so much they stop taking the 
med on their own. You also don’t want to demand that the medical physician 
stop these drugs on everyone whom you are treating for macular edema. You 
can cause a lot of trouble if doctors try to switch these patients to something 
else, and there is no data to suggest that there is some sort of universal effect 
on all diabetics. If anything, this side effect is relatively rare. The point is to at 
least think about this if you are having trouble controlling a patient’s retinal swell-
ing. Go to blue box land for a list of the glitazones…

The Glitazones (or, more unpronounceably, The Thiazolidinediones):

As monotherapy:
Rosiglitazone (Avandia) 
Pioglitazone (Actos) 

As combination pills: 
Rosiglitazone and metformin (Avandamet)
Rosiglitazone and glimepiride (Avandaryl)
Pioglitazone and metformin (Actoplus Met)

The handy thing to remember is that these are about the only oral hypoglycemics 
that start with the letter “A.” (OK, for completeness, the other A-pills are: acetohex-
amide (Dymelor) and glimepride (Amaryl). Neither of these is associated with macular 
edema—acetohexamide is no longer available in the USA and glimepride is not a 
glitazone.)
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There are some other things you must consider in patients who are not respond-
ing well to laser treatment. A common problem—once again—is some sort of 
traction that is pulling up on the retina and keeping it swollen. This can be due 
to an obvious epiretinal membrane or a more subtle process related to vitre-
ous contraction. The diabetic vitreous tends to be exceptionally sticky, and it 
can remain attached to the macula as it tries to contract due to normal aging 
and structural changes caused by the retinopathy. As it tightens it pulls on the 
macula, creating edema that tends to be very diffuse, cystic, and refractory to 
laser. Sometimes you can suspect this on clinical examination because there is 
a golden sheen overlying the retina that is best seen with a contact lens. These 
patients also tend to have far more leakage on the angiogram than one would 
suspect from the amount of retinopathy present. There may even be macular 
distortion if there is an associated epiretinal membrane or incomplete vitreous 
detachment. However, many times, subtle traction will not be visible on clinical 
examination, and  OCT testing can be invaluable because the vitreous insert-
ing on the retina will be very obvious. (Figure 1 in Chapter 18 is an example.) In 
fact, if you don’t have access to an OCT, you should send the patient out for 
one, because it is much better to fi nd subtle traction rather than keep repeating 
lasers that will not work well at all. The presence of traction mandates referral to 
a retinal specialist, because patients presenting with it may benefi t from vitrec-
tomy. (Chapter 18 discusses this and other reasons for referral for vitrectomy.)

Also, it is worth reviewing Chapter 26 on  differential diagnosis when faced with 
refractory macular edema. There are other things to consider, both systemic and 
intraocular, that can mimic or worsen retinopathy and if you miss them you will 
be wasting your time doing fruitless lasers. 

Finally, there are some patients who just keep springing leaks and just keep 
needing more treatment. It can be very rewarding to gently treat each new area 
and keep someone seeing for years and years. Your job as a comprehensive 
ophthalmologist is to be sure that you are not just eliminating perifoveal retina 
with lots of enthusiastic laser when the patient might benefi t from treatment with 
another modality—whether it be better systemic control, vitrectomy or intravit-
real therapy. (The latter happens to be the subject of the next chapter—and this 
would have been a nice segue except for the following sections.)

CHAPTER 10.1Additional Bits That Don’t Quite Fit Anywhere Else

Doc, my vision is really blurry in the morning…

If patients develop edema that is in or around the fovea, you will often hear the 
above complaint. There are a few things you should consider when patients tell 
you this. 

First of all, OCT studies have suggested that macular edema is worse in the 
morning, presumably because the retina swells during the night, just like some-
one’s ankles swell up if they spend a lot of time standing.3 Does this mean that 
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they should sleep with a few pillows? No one has looked at this. Maybe you 
could do an ARVO project…

Another reason may be that their  glucose is getting low 
in the early morning, and by the time they wake up, it 
has rebounded a bit (kind of a mini-Somogyi phenom-
enon*). You will fi nd that many diabetics, once they have 
signifi cant retinopathy, will tell you that their vision gets 
blurry when their glucose gets a bit on the low side—not 
bad enough to give them the shakes or sweats, but their 
“weakened” retina seems to become especially sensitive 
to an otherwise unnoticeable drop in glucose. Indeed, for 
many patients this becomes a new way to tell that they 
need to check their sugar. The point is that you may want 
to suggest that patients set their alarm a few hours earlier 
than normal to do a fi ngerstick glucose. If the glucose is 
on the low side it may be contributing to their morning 
blur, and they may want to review their management with 
their medical doctor to see whether they can minimize 
their symptoms. 

Don’t forget non-retinal things, too. Sometimes patients will have a bit of dry eye 
that makes the tear fi lm rusty in the morning—especially if they have superim-
posed lid problems like a lagophthalmos or fl oppy eyelid syndrome (the latter 
is not uncommon in obese elderly diabetics). Another possibility could be early 
Fuchs corneal dystrophy. Your friendly neighborhood retina specialist will usually 
not think of this kind of stuff, so please protect your patient from our ignorance 
by being a good generalist and considering it.

There may be another reason that has no scientifi c basis whatsoever, but it 
sounds really good simply because there are sooo many patients, with all types 
of macular disease, who tell you their vision is blurry in the morning. There 
seems to be a part of the brain in charge of “Photoshopping” the world, and 
that part expects to have crisp vision upon awakening—as it has for the bulk 
of a patient’s life. When it is suddenly faced with the kind of crummy vision that 
damaged maculae provide, it takes it a while do some image processing to over-
come the ragged input it is getting—almost like overcoming morning stiffness 
by getting up and moving around. OK, this explanation looks really lame in print, 
but it plays well with patients—especially if you have ruled out any pathology. 
Go write your own book if you don’t like it… 

*Remember, this is the 
thing where diabetics get 
low glucose during the 
night, and then com-
pensatory mechanisms 
kick in and jack up the 
sugar by the time they 
awaken and check their 
glucose. Because the 
AM glucose is high, the 
doctor increases the PM 
insulin, which only makes 
the problem worse, and a 
vicious cycle ensues.
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CHAPTER 10.2
Refractory Diabetic Macular Edema in Places with No Specialists 
(Remember, this book is not just for decadent docs in developed countries.)

 What if you only have the option of doing laser—no intravitreal treatment or 
vitrectomy? One might hope a race of thoughtful aliens will take over our planet 
and equalize the distribution of healthcare, so that no human being is treated 
worse than another. Until then, however, here are some suggestions. 

First of all, if you really are the only one around, then it would be great if you 
could get some extra training, because your local population would benefi t. Can 
you spend a week at a specialty center and learn some tricks and tips? Can you 
get a local service club (like the Lions or Rotarians) to help with cost? Some of 
the resources mentioned in Chapter 6 can help with additional education and 
training.

Second, it is likely that you are also in a situation where the medical control of 
your patients is dismal. As mentioned numerous times in this book, anything you 
do will not work as well if the patients are not well controlled. If there is anything 
that can be done to help with this, it will make your life a lot easier.

Third, if you are in this situation it is likely that patients are showing up late in 
their disease course, which only makes your job more impossible. Try to do 
anything to get them in sooner—patient and doctor education, assistance from 
service and religious organizations, telemedicine screening—whatever.

As for treating the patient with laser alone, there are not a lot of options beyond 
adding more spots as patients get worse. You need to do this parsimoniously, 
though. It has been suggested that once you put about 300 to 400 small spots 
into a posterior pole, you have done about as much as you can hope for with 
laser. Numbers like this came from the bad old days—before there were other 
treatments. Try not to go this high if possible, because this many spots will 
defi nitely expand and start to cause problems if the patient lives for many years 
(although you may not need to worry about this as much in developing coun-
tries, where diabetics tend to die sooner). If you are using very small light spots, 
though, it may be possible to perform multiple treatments, especially if you are 
just doing focal treatment directed at new microaneurysms. 

Sadly, if you really are in this boat you are probably just barely staying ahead 
of your patient load, and you are also likely seeing lots of really bad, puffed-up 
maculas. In this situation, you are simply trying to keep eyes in the 20/400 range 
and not let patients go all the way to hand motions from macular disease. You 
also need conserve your resources—if you do gentle, staged treatment on ev-
eryone, you can get so backlogged with following them that you can’t take care 
of anyone else. This situation may be the one time when your best option is to 
do a grid of 100 to 150 spots and hope for the best, and then repeat as needed 
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until you have put in about 300 to 400 spots total. Again, this is not ideal at 
all, but if there are no other solutions, this approach at least gets enough scar-
ring in to help keep the retina from totally swelling up. Patient expectations are 
also crucial if you are forced to do this. They must understand that they will get 
worse no matter what you do—it is just that by treating them, you will hopefully 
hold on to as much vision as possible. (The last part of Chapter 6 reviews this in 
more detail.)

It may be tempting to treat patients with  intravitreal steroids in this situation, 
but you need to give serious thought to the potential complications. What are 
your options if a patient gets into trouble? If there is no way to treat it, a case of 
endophthalmitis or retinal detachment or refractory glaucoma is far worse than 
count-fi ngers vision from macular edema. This is not to say that one should 
never try intravitreal therapy but rather that you need to carefully balance all the 
risks if you have limited resources. 
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Unfortunately, there are some doctors in developed countries who do 
have access to specialists but act like they don’t—until a patient’s retina is 
far gone. The approach for such folks seems to be: “How can I extract the 
maximum amount of money from a patient before I refer them out and don’t 
get a chance to bill them again?” One hopes that they are not really thinking 
this, and that they are simply deluding themselves into thinking they know 
what is best for the patient without paying attention to the literature (not that 
thinking this is much of an improvement over greed). If you know someone 
like this, we can send them a free copy of this book (with anonymous return 
address) if you wish. Here is the point: Do the best you can but if you think 
you are getting in over your head don’t hesitate to ask for help. You—and 
your patient—will sleep better. 
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Intravitreal Therapy and How It 
Fits Into Your Armamentarium. 
Or Not.
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Diabetic Retinopathy 104

 Although laser has historically been the mainstay of treatment of diabetic retin-
opathy, there is now tremendous interest in the use of intravitreal therapy to 
help control the damage. As of this writing, there is no single proven approach 
for using intravitreal drugs, so it is hard to provide fi rm guidelines. Furthermore, 
intravitreal treatment can signifi cantly change the risk-benefi t ratio given the 
potential complications, especially if you are practicing in an area where there 
may be limited resources to address such complications. For instance, if you 
are at an academic center where you can walk your patient with steroid-induced 
glaucoma down the hall to a world expert on glaucoma, your risk-benefi t ratio 
may be very different than if you are practicing in a smaller town where the same 
patient may be operated on by someone who does only 10 fi lters a year. Finally, 
it is likely that some readers will not have access to specialty care at all. 

As a result, this chapter will simply give an overview of these drugs with some 
suggestions about how they might fi t in to the treatment of diabetic retinopathy. 
A complete discussion of the rationale, pharmacology, techniques and risks is 
beyond the scope of this book, but if you are going to use intravitreal therapy, 
you have to become more familiar with all of these issues—do not stop with 
the information here. Ultimately, you will need to decide whether you want to 
use these medications; this will be determined by their availability, your level of 
comfort, and your ability to identify and deal with complications. The philosophy 
of your local retinal community is also very important, and you will need to fi gure 
this out on your own—especially in terms of when to refer if you do not use 
these techniques. Hopefully, there will be studies over the next few years that 
will give us all a defi nite idea of the best way to use these drugs, in the same 
way the Diabetic Retinopathy Study and the Early Treatment of Diabetic Retin-
opathy Study have helped to defi ne the use of lasers.

INTRAVITREAL THERAPY 
& MACULAR EDEMA Triamcinolone and Avastin

 Triamcinolone Acetonide

Steroids seem to be the ultimate “Radiator Stop Leak” for perifoveal capillaries. 
People initially went berserk when it became apparent that this drug could have 
a dramatic effect on reversing central cystic diabetic macular edema—some-
thing for which laser alone is often frustratingly ineffective. However, with time, it 
has become apparent that for many patients the initial positive response seems 
to gradually weaken, and the long-term results are less stunning. A recent 
study even suggested that laser is still better than triamcinolone alone for many 
patients.1 When you add in the inevitable cataract and risk of glaucoma, one be-
gins to realize that this is not the miracle drug everyone at fi rst thought it to be.
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On the other hand, if used judiciously, it can be very effective in controlling 
central edema in selected patients.2 Unfortunately, there is no good way to fi gure 
out which patients will benefi t the most, and there are no long-term controlled 
trials that provide specifi c guidelines. There is, therefore, absolutely no consen-
sus about how this drug fi ts into the management of macular edema. If you are 
in a situation where triamcinolone is unavailable, then you have to work with 
lasers. If it is available, then you really need to talk to your local specialists about 
how they feel it fi ts in. You don’t want to turn into some sort of renegade outlier 
from either overuse or underuse. The trick is to decide which patients seem to 
do best with the drug, and then hope that the risk of cataract and glaucoma 
does not offset any apparent gains. 

It is agreed that mild macular edema, especially if it is away from the fovea, 
should simply be treated with laser. Once the edema starts to build up in the 
fovea, there is a sense that, somewhere, a clock begins to start ticking; it seems 
that leaving a lot of edema in the fovea for an extended period of time decreases 
the ultimate visual recovery. How much time is too much time? No one knows. 
Perhaps a reasonable guess is three to six months, but that is total speculation, 
so if you fi nd someone who feels differently, please feel free to scratch out the 
above numbers and write in your own. 

The point is that if you try a laser or two and there is persistent edema in the fo-
vea, then you do not want to keep lasering and waiting and lasering and waiting. 
It is best to get the patient to someone who can do intravitreal therapy before 
there is more and more permanent microarchitectural damage. You also need to 
factor in the rate of change in terms of how fast you refer. If the fovea is mildly 
thickened and the vision is OK, then time is on your side. If the fovea is a bubbly 
mess with hard exudates streaming in like Leeroy Jenkins, then you should send 
the patient sooner (Figure 1). There is defi nitely a sense that the magic drugs 
work better on fresh edema than on old chronic disease.

Figure 1. This patient presented with central cystic macular edema and a vision of 20/400
in the right eye and 20/80 in the left eye. The worrisome thing about this case is that the
hard exudates are just starting to build up into the fovea. You can see that the right fovea
will soon be swamped, and the left fovea has a very scary “sugar dusting” of exudates that
means that it will soon follow. This pattern does not tend to do well with laser alone, so it is
not a good idea to put in some laser and wait three to four months to see what happens—
permanent damage can occur. This is the kind of patient who will likely need intravitreal
therapy, if available.
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 Here is an example of one approach: If there is fairly signifi cant foveal thicken-
ing (say, greater than 300 microns on OCT testing), and if the vision is starting to 
deteriorate (say 20/30 to 20/40), you might consider intravitreal therapy in order 
to jumpstart the eye and get the edema reversed as you are adding the laser. 
(There is a sense that the laser creates long-term control once the intravitreal 
treatment has produced transient improvement.) Note, however, that these acu-
ities are defi nitely not absolute. For instance, older, retired patients may not want 
to take the risk of intravitreal treatment until they are 20/80, whereas younger, 
wired types may want a full-court press to stay 20/20. If the patient does want 
an injection, some doctors feel it may be better to inject fi rst and then do the 
laser a week or two later. This is because once the retina is thinner, it is easier 
to treat without getting the large burns caused by scattering of the laser beam 
through thickened retina. If you adopt this approach, you also want to be sure 
you remember where the pathology is. Once you fl atten the retina with a drug, it 
can be hard to tell where you needed to treat.

The one thing you must never do is to give a patient an injection just because 
you can. Please do not be seduced by the 
intense immediate gratifi cation that occurs 
when you bring your fi rst patient back for a 
pressure check and the edema is gone (and 
the patient is actually happy and smiling at 
you like, well, a Lasik patient). This experi-
ence creates powerful positive reinforce-
ment that is not really justifi ed. The long-
term reality of intravitreal therapy is never as 
good as your “fi rst time.” Try to remember 
that by using this medication you are em-
barking on a process that may end up being 
very frustrating for you and the patient as 
the edema keeps coming back and the 
vision slowly slips away (and the cataract 
gets worse, and then you have to do cata-
ract surgery on an eye with a weepy macula 
and elevated pressure). Also, remember 
that the pressure can rise insidiously, and 
this may show up well after the drug should 
have worn off.3 If there is a concern about 
the pressure, it is reasonable to check the 

IOP periodically for perhaps a year or two after an injection. As a comprehensive 
ophthalmologist, this is particularly important to remember because your retina 
specialist may forget about this.

In many ways, the use of intravitreal triamcinolone involves a search for those 
patients who seem to gain long-term benefi t from the treatment. If you or your 
retina specialist tries the drug and the fovea dries up, but the vision doesn’t im-
prove, then such a patient is not an ideal candidate for continued therapy (espe-
cially if the pressure goes up). If the vision improves  and the effect seems to be 

By the way, although this chapter em-
phasizes the side effects that are par-
ticular to each drug, don’t forget that 
the patient also has to accept the risks 
of the intravitreal injection itself. These 
risks include infection, sterile uveitis, 
vitreous hemorrhage, retinal detach-
ment, and some really embarrassing 
things like intralenticular injection, 
suprachoroidal injection and wound 
rupture (i.e., if the patient had recent 
cataract surgery, corneal transplant or 
a thin fi ltering bleb). Although these 
complications are unlikely, the risk 
can add up since most patients need 
multiple treatments. As a wise retinal 
specialist once put it: “These aren’t fl u 
shots we’re giving here.” 
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 Bevacizumab (Avastin) (and its expensive cousins)

The anti-vascular endothelial growth factor (anti-VEGF) drugs are also useful for 
treating macular edema. A real textbook could tell you why. Suffi ce it to say that 
blocking VEGF seems to seal leaky blood vessels. Studies involving the other 
anti-VEGF drugs—pegaptanib (Macugen) and ranibizumab (Lucentis)—have 
been performed or are under way. However, it is hard to imagine how any health-
care system can survive if it has to pay for these drugs, especially for a chronic 
disease like diabetic retinopathy. For instance, at present there are a number of 
promising studies evaluating the effectiveness of Lucentis in diabetic macular 
edema. It is probable that results attributed to Lucentis will—right or wrong—
end up being extrapolated to Avastin out of economic necessity, particularly in 
the developing world.  Until there is defi nitive data indicating the two drugs are 
vastly different in effect, it is likely that Avastin will be the mainstay for treating 
diabetic retinopathy; it is certainly the cheapest and most commonly used drug 
in this category for now.

Although Avastin does appear to be effective in terms of reversing diabetic 
macular edema, there is a general sense that it is not as potent as triamcinolone. 
If triamcinolone is 10 on a scale of one to 10, then bevacizumab seems to come 
in between three and six. However, there is essentially no risk of glaucoma or 
cataract formation with Avastin, and surgeries to correct these latter two prob-
lems are not without risk in patients who have active retinopathy. On the other 
hand, there is concern with the anti-VEGF agents about systemic toxicity, such 
as thrombosis or stroke; right now, it is not clear at all whether this is a real con-
cern, but it still needs to be discussed with the patient. 

At this point, many texts will add something about how you should consult 
the patient’s internist before administering anti-VEGF agents, especially be-
cause these patients are likely to have potential comorbidities such as heart 
disease or history of stroke. This seems like a reasonable thing to do—until 
you realize that there is no internist in the world who can predict the real risk 
of intravitreal anti-VEGF agents for any patient. It would even be impressive 
if the average internist had even heard of the use of anti-VEGF agents for 
retinopathy.

This is one of those weenie things that we do as ophthalmologists in order to 
avoid any real responsibility. Basically, your level of “freaked-out-ness” over 
covering yourself will help you decide how far you want to pursue this—but 
you are ultimately the one doing the injection, and it is your job to stay on top 
of the data and the patient’s systemic status in order to make the best deci-
sion you can. (Besides, getting some sort of vague clearance to do an injec-
tion is really only pretend protection. Plaintiff attorneys love it when doctors 
start blaming each other.)

long-lasting, then such a patient may benefi t greatly from intermittent injections 
combined with appropriate laser. If the results are somewhere in between—as is 
usually the case—then it comes down to the patient’s wishes versus your sense 
of the long-term risk of chronic intravitreal steroid treatment. 
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 As with triamcinolone, there are no absolute guidelines about how Avastin fi ts 
into the treatment algorithm. Because Avastin has fewer ocular side effects, 
many folks will start treatment with Avastin and then move on to triamcinolone 
as needed, although one must be prepared to do more frequent injections when 
using Avastin alone. There are also multiple variations on any particular theme. 
For instance, some people will combine lower doses of Avastin and triamci-
nolone at the same time to try to maximize the benefi t and minimize the side 
effects. This may be done with or without supplementary laser treatment—there 
are some papers that suggest such an approach is useful, and other papers 
that suggest it is not. Another approach is to try serial Avastin injections about a 
month apart, in hopes that sustained treatment will be more effective. Whatever 
you do, it makes sense to use the laser to treat obvious focal leaks and to do 
a light grid to diffuse leaks, because the laser can make permanent changes, 
whereas the intravitreal medications tend to be transient. But defi nitely go lightly 
with the photons. The whole point of the intravitreal drugs is to“train” the capil-
laries to stop leaking so that you do not have to treat as heavily with laser as you 
might if you didn’t have this option. And no matter what drug you use or don’t 
use in the vitreous, never forget the stuff in the upcoming paragraph:

Remember that nothing you do will work particularly well if you do not get the 
patient to pay close attention to their  systemic vascular risk factors. Although 
you can go to Chapter 20 for the full scoop, with experience you will see how 
patients can “cure” central cystic macular edema with a combination of local 
ophthalmic treatment and improved systemic control. This may take a year or 
two, but it is exciting to watch patients begin to care for themselves and then 
watch their macular edema become less and less of a problem. You can give the 
sweetest intravitreal injections and do the fi nest macular laser, but if you don’t 
emphasize systemic control with both patients and their physicians you are 
functioning at the Epsilon-Minus Semi-Moron level of doctorness.

 Intravitreal Therapy and Proliferative Disease

Although there were some attempts to use triamcinolone to supplement the 
treatment of proliferative disease, it really does not have enough anti-neovas-
cular power to be effective in this situation. Avastin, on the other hand, can be 
dramatically effective. Remember, however, that this drug simply changes the in-
traocular milieu on a temporary basis. You still need to do something to perma-
nently change the inside of the eye in order to keep the bad chemicals away. If 
one uses Avastin to treat proliferative disease, the new vessels will simply return 
within a month or two as the Avastin wears off. As a result, you need to perform 
a plain-vanilla panretinal photocoagulation to get long-term control of the situa-
tion. Some argue that it is better to get total control with Avastin at fi rst,  because 
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it will help protect the macula and allow you to work the PRP in gently—and it 
may allow faster disease control with less laser. No one knows yet whether this 
is really a better way; studies are being done to address the issue. 

However, be very careful about injecting Avastin if there are large amounts of 
new vessels. It turns out that using Avastin to control proliferative disease can 
actually be very dangerous in the setting of extensive neovascularization. The 
drug will cause the vessels to contract forcefully and can result in very severe 
traction retinal detachments, which can be diffi cult or even impossible to fi x. 
These can occur quite quickly, often within days or weeks of the injection. What 
should you consider “a lot” of neovascularization? Sorry, it is hard to be spe-
cifi c. One should probably start getting nervous about using Avastin if there is 
anything more than scattered little bushes of new vessels. Certainly, if there are 
large vessels up into the vitreous or broad sheets of vessels along the arcades 
or periphery, it gets very risky to use the stuff. 

In such settings most doctors will get in a good PRP, and if the laser cannot 
completely control the process, then Avastin is used prior to vitrectomy to shrink 
up the blood vessels as much as possible and minimize intraoperative hemor-
rhaging. The Avastin injection is usually given less than a week before surgery, 
and the patient must understand that once the Avastin is given they have to go 
through with the surgery—you don’t want to give it then have the surgery be 
cancelled due to medical instability. 

Ultimately, the whole issue of intravitreal therapy in the setting of diabetic 
retinopathy is a brave new world with few defi nite guidelines. You get to decide 
whether you want to use these drugs or refer out—and you can also decide 
exactly what role you want them to play in your management. You have to pay 
close attention to the latest studies to be sure that you are not either over- or 
under-treating (or over- or under-referring) your patients. You also need to be the 
one to protect your patient from glaucoma as a result of triamcinolone because 
retina specialists can be really bad about this. Finally, never forget that even 
though these drugs can refreshingly dry up a macula in the short term, there 
is no treatment as good as making sure that patients take good care of them-
selves. 

There is, however, one aspect of proliferative disease that pretty much 
everyone agrees is the perfect use for Avastin: if the patient has anterior seg-
ment neovascularization with neovascular glaucoma. Skip to Chapter 19 for 
more info...
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This is a good time to point out that there are a lot of other drugs in the pipe-
line—both for the eye and systemically—that may play a role in treating this 
disease. For instance, there are several sustained-release steroid implants being 
evaluated for use in diabetic retinopathy. It is likely that devices that slowly re-
lease other drugs, such as the  anti-VEGF agents, will soon be developed.

There are also modifi ed laser techniques that may result in signifi cant changes 
in how diabetics are treated. Micropulse laser was mentioned in Chapter 3, but 
there is also a suggestion that standard laser can be used to indirectly control 
macular edema. Because VEGF comes from the ischemic peripheral retina, and 
because VEGF causes vascular leakage, it is thought that by doing mild  panreti-
nal photocoagulation in peripheral ischemic retina, one can help control leakage 
in the macula. As we shall see in subsequent chapters, one is always worried 
that panretinal treatment will exacerbate macular edema, so this thinking seems 
a bit counterintuitive. In fact, such an approach is not even new—it was sug-
gested years ago, but now it can be viewed in the context of what we know 
about VEGF activity.4 This is not to say that everyone with macular edema needs 
a PRP—there are no studies yet that prove such an approach is valid. Rather, it 
is a reminder to keep an open mind and recognize that what we know “for sure” 
can easily change with time.

In terms of systemic therapy, the most obvious treatment is to simply address 
the patient’s glucose control, as well as the other vascular risk factors discussed 
in Chapter 20. However, there are a host of other pathways that mediate the 
damage caused by diabetes, and a lot of research is directed toward fi nding 
drugs that can interfere with these pathways. For instance, protein kinase C 
subtype beta ( PKC-beta) is an enzyme that is felt to contribute to diabetic micro-
vascular damage when it is upregulated in hyperglycemic states.  Ruboxistaurin 
is a PKC-beta inhibitor that was shown to have a mild effect on retinopathy. Un-
fortunately, the results have not been good enough to justify FDA approval, and 
further studies are under way. It does serve, however, as exciting proof that it is 
possible to prevent damage by means other than laser and drugs in the eye. 

Note of Caution: Diabetes is the leading cause of blindness in patients under the 
age of 65, and any treatment shown to be effective—even a little—stands to make 
someone an awful lot of coin. It is hoped that everyone is driven largely by a desire to 
make the world a better place, but one person’s major breakthrough may be another 
person’s marginal improvement—and sometimes throwing a lot of money into the mix 
does not help to get the reality pinned down.

You may have noticed this if you were reading the eye literature a few years ago, 
when preliminary trials were being done on ruboxistaurin. There were drug company 
advertisements that simply talked about the PKC-beta enzyme alone, seemingly as 
a way to prepare everyone’s mind for the drug’s release. There were also announce-
ments of its effectiveness in the ophthalmic community—yet the FDA did not approve 
it and requested further studies.

The point is that although it is hard enough to be the best clinician one can be, more 
and more one has to also be able to look critically at the data as new treatments 
come online. It gets even tougher when one has to balance the benefi ts of new treat-
ments against the cost to society at large—and now this box is getting way off topic. 
Back to work.

TO INFINITY & BEYOND Diabetic Retinopathy
in the Future
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Other pathways under examination include those involving growth hormone, 
insulin-like growth factor, metalloproteases, and various mediators of infl am-
mation. There is also work being done with advanced glycation endproducts 
( AGEs). These are produced in higher than normal levels during episodes of 
hyperglycemia, and they seem to play a role in diabetic microvascular damage. 
There is even a receptor for these compounds (the very appropriate acronym for 
this receptor is “RAGE”) and activation of this receptor appears to elicit oxidative 
stress and infl ammation in various cells. Interfering with all of these mechanisms 
will likely give us better and better ways to prevent diabetic damage of all types.

It is inevitable that in the future we may have a totally different philosophy when 
it comes to treating diabetic reinopathy. We may be using very light lasers—or 
perhaps no lasers at all—in conjunction with local and/or systemic drugs. You 
should keep your eye on the literature and stay abreast of new developments—
these are exciting times, and our present treatments will, hopefully, be relegated 
to museum displays that sit next to exhibits on bleeding and purging. However, 
there are still a lot of patients who can benefi t from old-school treatments, so on 
to the next manifestation of diabetic retinopathy: proliferative disease. 
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Proliferative Diabetic Retinopathy and 
Other Things That Go Bump in the 
Night
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THE NUMBERS
Proliferative diabetic retinopathy (PDR) is the real bad boy—it can make an eye 
stone-black blind. It tends to occur more often and more severely in younger 
patients with  Type 1 diabetes, although no diabetic demographic is free from 
this problem. In general, the presence of proliferative disease is correlated to the 
duration of diabetes. For Type 1 patients, the risk is up to 50% if they have had 
diabetes for 20 years or more. Proliferative disease tends to be less frequent 
in  Type 2 diabetes, perhaps only 10% or so after 20 years. These numbers are 
older fi gures; hopefully more patients are spared this in the modern era of better 
control, but you will still have days when you will feel swamped with proliferative 
concerns.

THE DISEASE
In  macular edema, the problem stems from blood vessels that are leaky. In PDR, 
the problem stems from blood vessels that have simply died off. This starts in 
the periphery and gradually moves toward the center. The dead and dying retina 
then releases vasoproliferative factors that stimulate new blood vessels to grow 
(Figure 1). 

Figure 1. Ischemic peripheral retina emits
vasoproliferative factors into the vitreous. 

If the blood vessels simply grew in 
isolation, without any vitreous to latch 
onto, they would probably form beauti-
ful branching patterns on the retinal 
surface—which would largely be of 
academic interest.  Unfortunately, the 
vitreous is usually fi rmly attached to the 
retina in diabetics, and the blood ves-
sels love to grow up into it like kudzu on 
a trellis (Figure 2). 

Figure 2. New vessels grow into the vitreous in response to the vasoprolifera-
tive substances. The photograph is a wide-fi eld FA showing extensive peripheral
capillary dropout and secondary neovascularization at the border of perfused and
non-perfused retina. (Photo courtesy of Raj K. Maturi, M.D.)
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All this would be bad enough, but it gets worse. These new blood vessels are 
quite leaky, and even if they don’t hemorrhage, they allow serum components 
into the vitreous that the vitreous would normally never see. These compounds 
cause the vitreous to shrink up sooner than it otherwise would. Although  vitre-
ous collapse is a normal aging phenomenon, in proliferative retinopathy the 
contraction process is accelerated and tends to be more vicious. This is a real 
problem because the vitreous begins to pull on the new vessels (Figure 3). 

Figure 3. The vitreous contracts and
starts to tug on the new vessels.

Unfortunately, the new vessels are now 
an extension of the retinal vasculature, 
and as such, they serve to lock the 
vitreous onto the retina wherever the 
blood vessels grow. This means that the 
shrinking vitreous now begins to tug on 
both the vessels and the retina. More-
over, connective tissue brought in by the 

new vessels also tends to shrink, which basically turns the vascular frond into 
the physiologic equivalent of a power winch that contracts in all directions. The 
result is that vessels at the surface of the retina are placed under constant ten-
sion, and the retina itself can be lifted from the pigment epithelium (Figure 4). If 
left untreated, the fi nal result of this process is for the entire retina to be yanked 
off the back of the eye. 

As this process is evolving, the stretched 
blood vessels crack open and bleed, 
subjecting the patient to periodic hem-
orrhages. The patient notices these 
hemorrhages as streaks, cobwebs and/
or clouds in their vision. This will usually 

motivate them to come in for an evaluation if they have been less than diligent 
in their follow up. Unfortunately, things are usually far advanced by the time the 
hemorrhages occur. The blood vessels will often be quite extensive and even 
if they can be controlled with laser, it is likely that there will still be a gradual 
buildup of traction as the vitreous and connective tissue continue to contract. 
Such traction may cause anything from mild  metamorphopsia (from pulling 
gently on the posterior pole) to total vision loss (from a  tractional retinal detach-
ment). Intermediate problems can include anything from chronic macular edema 
(due to subtle traction on the macula) to insidious vision loss (from traction on 

Figure 4. Progressive traction from the 
vitreous and the vessels begins to pull
the retina off the RPE.
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the nerve). If the traction is very severe it may even rip holes in the retina. Once 
the vacuum-pack seal between the retina and retinal pigment epithelium is bro-
ken, the gliotic retina can snap off the back of the eye like a broken garage door 
spring. These are all Bad Things.

Back in the old days of retinopathy treatment, doctors would shoot at the grow-
ing blood vessels on the assumption that the blood vessels themselves were the 
root of the problem. It quickly became apparent that this approach was worse 
than useless. Treating the blood vessels alone tends to make them go bananas; 
they just get revved up by the irritation of the treatment superimposed on the 
powerful neovascular stimulus created by the dying peripheral retina. Such 
treatment did not address the more fundamental issue of having an eye full of 
vasoproliferative substances. Fortunately, there were people who were willing to 
think in a very open-minded fashion, and these folks observed that patients with 
lots of peripheral retinal scarring had less active proliferative disease, whether 
the scarring was from iatrogenic retinal treatment or preexisting ocular condi-
tions. This eventually led them to try using a laser—or a xenon arc, or even 
focused light from the sun—to destroy the peripheral retina, shutting down the 
production of vasoproliferative factors and, in turn, shutting down the neovascu-
larization. Apparently the thought of doing this was so counterintuitive that many 
people thought these pioneers were insane, but they were ultimately vindicated 
by the success of  panretinal photocoagulation as demonstrated by the Diabetic 
Retinopathy Study. By the way, these last sentences are horribly inadequate 
to relay the immense effort on the part of the many individuals who have given 
us this incredible tool to prevent blindness. Every once in awhile, as your foot 
is racking up numbers on the laser counter, you should think about the broad 
shoulders upon which we are all standing as we treat diabetics with proliferative 
disease. 

Hunting Down Nonproliferative and Proliferative 
Retinopathy in Your Patient

Your eternal goal is to try to stop the above chain of events at an early stage 
before the diabetes can sink too many of its fangs into the retina—before the 
vessels and fi brovascular tissue have spread all over the place. You should 
therefore become adept at identifying anything that even remotely suggests the 
impending arrival of proliferative disease. This means becoming familiar with the 
various stages of  nonproliferative diabetic retinopathy (NPDR). Remember that 
NPDR can be minimal, mild, moderate or severe (Table 1 shows the standard 
classifi cation scheme). Severe NPDR is of greatest importance, making it the 
one you need to be able to recognize unfailingly. 

Fortunately, the 4-2-1 rule makes matters relatively easy when it comes to 
sorting out patients with good-bad retinopathy from those with bad-bad retin-
opathy. The 4-2-1 part refers to four quadrants of hemorrhages, two quadrants 
of venous beading or one quadrant of intraretinal microvascular abnormalities 
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(IRMAs). If a patient has any one of these criteria, then they have severe NPDR. 
The required amount for each of these fi ndings is defi ned by the standard pho-
tographs used in all of the studies, and you should cram these images into your 
brain so that you can quickly pick out a patient at risk. 

Level Defi nition

 Minimal  nonproliferative 
retinopathy

 Microaneurysms only

Mild nonproliferative 
retinopathy

Microaneurysms and one or more of the following:
• Retinal hemorrhage 
•  Hard exudates 
• Nerve fi ber layer infarct 

Moderate 
nonproliferative
retinopathy

 Hemorrhages and microaneurysms > standard 
photograph 2A in at least one quadrant and one or 
more of the following: 

• Nerve fi ber layer infarct 
•  Venous beading 
• Intraretinal microvascular abnormality 

Severe nonproliferative 
retinopathy

One of the following: 
• Hemorrhages/microaneurysms > standard 
photograph 2A in all 4 quadrants 
• Venous beading in at least 2 quadrants 
•  IRMA > standard photograph 8A 

 Proliferative retinopathy Neovascularization on the disc or elsewhere

High-risk proliferative 
retinopathy

One or more of the following: 
•  Neovascularization of the disc > 1/4 disc area 
• Any neovascularization of the disc and vitre-
ous/preretinal hemorrhage 
• Neovascularization > 1/2 disc area with vitre-
ous/preretinal hemorrhage 

Advanced proliferative 
retinopathy

Proliferative retinopathy with tractional retinal de-
tachment or with extensive vitreous hemorrhage 

Table 1 / Classifi cation of Diabetic Retinopathy

(Reproduced, with permission, from Fong DS, Ferris FL, Focal Points: Clinical Modules for Ophthal-
mologists, “Practical Management of Diabetic Retinopathy,” American Academy of Ophthalmology, 
2003.)
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Figure 5. (Left) ETDRS Standard 
Photograph 2a, showing severe 
hemorrhages and microaneurysms
(remember—you need these in four
quadrants to get severe NPDR). 
(Courtesy of the Early Treatment Diabetic
Retinopathy Study Group)

Figure 6. (Right) ETDRS Standard Pho-
tograph 6a, the criterion for going from
mild to moderate venous beading. Notice
that you don’t need a lot. If you can see
obvious venous beading in a patient, then
it’s bad (but you need two quadrants for
severe NPDR). Also, be sure that it is ve-
nous beading and not just venous caliber
changes.  With true venous beading the
beaded section must be wider than the
normal caliber and because venous bead-
ing tends to be a late fi nding you should 
also judge it by the company it keeps—
there should be other worrisome fi ndings 
as well. (Courtesy of the Early Treatment
Diabetic Retinopathy Study Group)

Figure 7. (Below) ETDRS Standard 
Photograph 8a. The circles show the
odd, curlicue shape of IRMA. (Courtesy
of the Early Treatment Diabetic Retinopa-
thy Study Group)
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If memorizing the scheme is too painful, you can simplify it this way: if you look 
in and you can see obvious  venous beading and/or defi nite  IRMA, then the 
patient has severe  NPDR or something very close to it. See the blue box if you 
think they have severe NPDR based on hemorrhages alone…

Although the presence of  hemorrhages is one of the criteria for severe NPDR, 
as a practical matter it can be a less reliable predictor in clinical practice. 
Hemorrhages, like glory, can be fl eeting, and they are not quite as dependable 
as hardcore venous beading and IRMA.1 Just review the chapter on differential 
diagnosis to see the many ways hemorrhages may be unrelated to factors that 
cause proliferative disease. Then look in Chapter 16, where hemorrhages can 
resolve with institution of good systemic control. Finally, remember how patients 
on blood thinners may have very dramatic hemorrhages that have nothing to do 
with NPDR. The real point here is that if you think a patient has NPDR solely be-
cause of four quadrants of hemorrhages, and if you are going to treat them with 
laser, you should be sure they don’t have hemorrhages for other reasons.

When it comes to hunting down evidence of severe NPDR, hemorrhages and 
venous beading tend to be fairly obvious. IRMAs, on the other hand, can be a bit 
trickier to identify. IRMAs are tiny, and are usually located in little patches out-
side the arcades, so it is something that you have to look for with your 90-di-
opter lens (or 78-diopter or whatever fundus-o-rama lens is being marketed this 
year by the lens manufacturers). You will need to have the patient look in differ-
ent directions, similar to the indirect ophthalmoscope exam, and you will need to 
perfect your ability to use an indirect slit lamp lens for this purpose—something 
that has to be mastered in order to do a thorough exam for diabetic retinopathy. 

Late-Seventies programmed-learning moment: What is a skill that has to be 
mastered in order to do a thorough exam for diabetic retinopathy? 

a.  Understanding the conoid of Sturm
b.  Understanding phacodynamics
c.  Understanding Medicare
d.  Using a slit lamp indirect lens to study the midperiphery
e.  Do you see why the Seventies were so much fun?

It is really hard to manage diabetics without being able to do this.

When hunting for IRMAs you are looking for fi ne, irregular vessels that seem to 
be within or just at the surface of the retina—they do not follow any normal fl ow 
pattern and tend to meander around in a tiny area. Sadly, almost every attempt 
to reproduce photos of IRMAs is foiled by the limitations of the printing pro-
cess—Figure 8 is a blowup of the standard  ETDRS fi gure, so you get some idea 
of what you are looking for. 
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Why bother with this? Eyes with severe NPDR have as much as a 50% chance 
of developing some degree of PDR within one year, and perhaps a 15% chance 
of developing high-risk PDR. These averages are from the ETDRS—your mileage 
may vary with specifi c patients. If a patient has a long history of good control 
and very slow progression of their retinopathy, then their risk is much less. If 
they have poor control and are rapidly going to severe NPDR, then they are far 
more likely to get into trouble. The point is that knowing the stages of NPDR 
allows you to determine the patient’s risk for progression to PDR and to decide 
how closely to follow the patient. Staging the patient may also help you decide 
whether they need panretinal photocoagulation before they get a chance to 
develop proliferative disease. Vide infra.

Although severe NPDR may be the ideal time to identify potential for trouble, 
proliferative diabetic retinopathy is your true enemy. Fortunately, PDR does not 
tend to be subtle. Even very small  neovascularization at the disc (NVD) is readily 
apparent, simply because the vessels weave over the nerve in a path very differ-
ent from the normal radial capillaries. Remember that NVD does not really need 
to be exclusively at the disc to be called NVD—vessels within 1 disc diameter of 
the nerve also qualify. 

WHICH BRINGS US TO PDR Itself...

Figure 8. This is the picture that launched
a million lasers. It is Standard Photograph 
10a from the Arlie House Classifi cation
System—and it shows the size of NVD
that qualifi es as high-risk. (Courtesy of 
the Early Treatment Diabetic Retinopathy 
Study Group)

Neovascularization located further 
from the disc (known as  neovascular-
ization elsewhere—NVE) can some-
times be fainter, and can therefore be 
diffi cult to distinguish from  IRMA if it 
is small. IRMA is localized within the 
retina, and although it may be irregular, 
it usually does not have a latticework 
of blood vessels as one sees with 
neovascularization. NVE is on top of 

the retina; sometimes it is fl at and grows along the surface, while sometimes it is 
elevated and grows up into the vitreous. A fl uorescein angiogram (FA) is helpful 
for determining the difference in problematic cases; IRMA may leak a bit, but it 
doesn’t leak anywhere near as much as true neovascularization. 

On the other hand, an  FA will light up small patches of neo like a Broadway 
marquee. Ideally, you should not need an FA to identify even very early neo—you 
should have found it with a careful exam of the periphery as discussed above. If 
the view is hazy, though, or if you are still not sure whether there is any neo pres-
ent, an FA can be very helpful (Figure 11). 
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Figure 9. (Left) A typical small patch of 
NVE. Note how it consists of multiple
branching vessels. If you could see
it in stereo, you would note that it is
growing off the surface of the retina 
into the vitreous.

Figure 10. (Below) The circles high-
light patches of IRMA that are obvious
on the red free on the left, but barely
leak dye in the later phase of the an-
giogram on the right. Compare this to
the profuse leakage that occurs with
true neovascularization (e.g., Figure
11).

Figure 11 is also notable because it shows a type of retinopathy that can be very 
deceptive unless you look carefully. Some patients will have what is known as a 
“featureless retina.” This means that the usual signs of disease, such as multiple 
hemorrhages, are no longer present, presumably because the retina has just 
plain died off. You will miss the early proliferative disease in these cases if you 
just quickly screen the fundus with a 20D lens and do not study the retina at the 
slit lamp. 

Figure 11. An example of how an angiogram can light up NVE that is not especially visible
on clinical exam. Although the color photo does not show the neo, it is likely that a careful 
90D exam of the periphery would have identifi ed the small new vessels. Also note that the 
color shows a very “featureless retina”—the retina is so damaged that the usual signs of 
worrisome retinopathy are absent; there are no telltale hemorrhages, etc.
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Incidentally, if you are doing an  FA to look for new vessels, be sure to spell out 
to the photographer what you are looking for so they will scan the periphery for 
anything that lights up. It is easy to focus only on the posterior pole when doing 
angiograms, but there is a lot of data in the periphery, especially with diabetes. It 
makes sense to routinely have your photographer do a survey of the periphery in 
the midphases to look for any signifi cant leakage that indicates neovasculariza-
tion. This will also give you an idea of how much capillary dropout there is in the 
periphery, and can sometimes help determine where you place your panretinal 
photocoagulation pattern. If nothing else, obtaining photos of the periphery will 
help your photographers to improve, and you will be less likely to miss whatever 
the periphery is trying to tell you. 

By the way, it is always a bit embarrassing to order an FA for  macular 
edema, only to fi nd buds of neo at the nerve or along the arcades that you 
didn’t see because you were too busy studying the topology of the macula. 
Of course, it is even more embarrassing to completely miss the buds of neo 
on the FA and then spot them when you look at the angiogram three months 
later because the patient had a vitreous hemorrhage that you could have 
prevented. Been there, done that.

Missing something obvious is much less likely at the early stages of your 
career, when everything is new and exciting. It is much more likely to hap-
pen when you have some experience and confi dence and you begin to chug 
along quickly. Develop a systematic way to read an FA in order not to miss 
anything, and try to stick with it no matter how fast you want to go—it will 
save you again and again.

When it comes to sniffi ng out PDR, another important clue is the presence of 
some type of  vitreous hemorrhage. A big hemorrhage is usually about as subtle 
as a golf cart in a hotel bathtub—the diagnosis is easy. Sometimes, though, pa-
tients will have the symptoms of a hemorrhage (i.e., dots, streaks, cobwebs and/
or fl oaters in their vision) but there is no obvious blood on fi rst inspection. Study 
such patients carefully. It is possible for patients to have limited hemorrhages, 
for which they will be very symptomatic, yet you will not see any blood because 
the amount is small or it has been rapidly washed out. Look at the vitreous with 
the slit lamp, as you would for a uveitis patient—sometimes the only heme to be 
found is a few red blood cells in the anterior vitreous. Also, carefully inspect the 
lower vitreous. Subtle hemorrhages will gravitate down there, and you may need 
to use a 90-diopter to fi nd faint clouds of blood fl oating around. This is impor-
tant, because if there is blood, you really have to look carefully for neovascular-
ization—even get an FA, if necessary.
 
Diabetics can have hemorrhages without  neo, though, so don’t just look for 
“clouds of red” and then bust out the laser. First of all, diabetics tend to have a 
stickier vitreous that doesn’t separate as easily. If they do get even a partial age-
related vitreous detachment, all of the fragile capillaries on the retinal surface 
are more likely to bleed as the vitreous peels away. This can create a transient 
hemorrhage but this does not represent an ongoing threat to the patient’s vision 
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so no treatment is needed. This partly explains why there was a whole subset of 
patients in the Diabetic Retinopathy Study who fell into the category of having a 
vitreous hemorrhage without obvious PDR and why many of these patients did 
not need any laser (more on this below).

By the way, never forget that diabetics can get non-diabetic problems, such as 
retinal tears. If a vitreous hemorrhage makes you go into proliferative-disease 
hunter-killer mode, you can totally miss a tear if you don’t also remember to 
study the far periphery for new breaks. Just try to keep an open mind about all 
the wonderful ways an eye can go bad and do not limit your thinking to diabetic 
complications just because a patient is diabetic. 

Patients who present several months after their symptoms began can also 
be confusing, because older hemorrhages can decolorize and look like whit-
ish or yellowish globs at the bottom of the vitreous cavity (so-called “chicken 
fat” hemorrhages). Do not mistake these old hemorrhages for infl ammatory 
vitreous changes such as snowballs or snow banking. Bombing a  hemor-
rhagic diabetic eye with steroids is bad for the patient—and will remove ad-
ditional points from your god-of-ophthalmology score.

PUTTING IT ALL TOGETHER
OK, so now you have scoured the fundus for signs of  IRMA or early PDR. Ex-
actly why do you need to memorize the 4-2-1 rule and hunt around for all this 
stuff, anyway?

There is no question that one of the landmark studies in all of ophthalmology 
was the  Diabetic Retinopathy Study (DRS), which clearly demonstrated the 
usefulness of laser treatment in avoiding blindness back in the 1970s.2 (Both 
the DRS and the  ETDRS produced a host of papers; the cited reference is an 
example.) 

 As part of this study, proliferative diabetic retinopathy was classifi ed into low-risk 
and high-risk disease. (Nowadays “low-risk” PDR is called PDR without  high-risk 
characteristics—see Table 1.) Determining whether a patient has high-risk PDR 
involves adding up various factors to assign the level of disease. For instance, 
high-risk vessels at the disc had to be at least one-quarter to one-third disc area 
(Figure 8 is the standard example chosen for this), and  NVE was considered to 
be signifi cant if it was greater than one-half disc area. Table 2 (on the next page) 
shows a good summary of how all the different factors were added up to assign 
the overall risk. For those of us not employed as biostatisticians, however, each 
one of the following is an admittedly less elegant but simpler approximation for 
how to call high-risk PDR: 

1: Any NVD that you can easily see is high-risk PDR.
2: Pre-retinal or vitreous blood in the eye with new vessels anywhere is        
  high-risk PDR. ’Nuff said.
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Once you decide a patient has high-risk PDR, you are obligated to treat with 
panretinal photocoagulation. The reason is that patients tend to do rather hor-
ribly on their own once they have reached high-risk disease. In the DRS, treat-
ment cut the risk of severe vision loss by about 50% over the course of the 
study—and that was at a time when diabetics were not as well controlled medi-
cally, and the treatment was often hammered in all at once (and was therefore 
more likely to decrease the vision). It is likely that these days we obtain even 
better results with staged treatment and more emphasis on better medical care. 
Figure 12 is the classic graph of the overall results. 

High-risk PDR was defi ned as any one of following:

• mild neovascularization of the disc (NVD) with vitreous hemorrhage 
• moderate to severe NVD with or without vitreous hemorrhage                

(> or = Standard 10A, showing 1/4 to 1/3 disc area of NVD)
• moderate (1/2 disc area) neovascularization elsewhere (NVE) with       

vitreous hemorrhage 

High-risk PDR was also defi ned by any combination of three of the four 
retinopathy risk factors:

• presence of vitreous or preretinal hemorrhage
• presence of new vessels
• location of new vessels on or near the optic disc
• moderate to severe extent of new vessels

(American Academy of Ophthalmology, Basic and Clinical Science Course, Section 12, Retina 
and Vitreous 2007-2008 page 109.)

Figure 12. Cumulative
rates of severe visual loss
for the DRS (the protocol 
was changed in 1976 to
allow more treatment of 
high-risk eyes). This graph, 
and the heroic work be-
hind its discovery, is truly
awesome (in the tradi-
tional, non-surfer sense
of the word). (The Diabetic
Retinopathy Study Research
Group, DRS report no. 8,
Ophthalmology 1981; 88:
583-600, Copyright Elsevier
1981.)

Table 2 / Defi nition of  High Risk PDR
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But deciding to treat defi nite high-risk proliferative disease is the easy part. 
The hard part is deciding about treatment in situations that are less black and 
white…

DRS/ETDRS GAMES When to Do 
Premature  Photocoagulation

Although the DRS clearly demonstrated the need for treatment in patients with 
high-risk disease, no one was sure how aggressive to be in patients with less 
than high-risk disease. One aspect of the ETDRS looked at this and found a 
trend suggesting a benefi cial treatment effect if patients were given PRPs at any 
level of nonproliferative diabetic retinopathy (NPDR).3 However, the treatment 
benefi ts were very small with earlier levels of  NPDR. For instance, there was only 
a dinky subset of patients with mild or moderate NPDR who seemed to benefi t 
from early treatment. Because PRP has defi nite risks (which will be discussed 
at length in the upcoming chapters), it is felt that observation is best for these 
patients. 
 
When the retinopathy progresses to severe NPDR or PDR without high-risk 
characteristics, it turns out that the treatment benefi t was more pronounced— 
but still fairly small. As a result, the same conservative approach generally ap-
plies: Given the hassle and risk of treatment and relatively small benefi t, these 
patients, especially Type 1 diabetics, may be better off with careful observation 
rather than laser. There are, however, other factors that may make you decide to 
treat such patients. Here are some:

1. Severe progressive disease in the fellow eye. Diabetic eyes tend to 
head down the same path, and the fi rst eye will let you know what the 
second eye may decide to do.

2. The patient’s ability to follow up. This may be a very important factor 
in developing countries, where logistics and economics may prevent 
careful sequential evaluations, and where early treatment may give a 
patient much better odds of remaining a functioning member of society. 

3. Poor control and/or lots of medical problems may warrant earlier in-
tervention, since these patients may go downhill faster and/or may miss 
appointments. 

4. A patient who needs to be on  Coumadin may need earlier treatment, 
given the risk of more pronounced bleeding if more advanced prolifera-
tive disease is allowed to develop.

5. A very important factor is the rate of change of the patient’s disease. 
A patient who has good control and has smoldered along with mild to 
moderate NPDR can easily be monitored if they slowly begin to de-
velop severe NPDR or  low-risk PDR. On the other hand, a patient who 
is rapidly going through these stages is at much greater risk for rapid 
progression to high-risk disease, and should have earlier treatment. 
(Incidentally, the ability to understand terms like “the rate of change” 
justifi es those calculus classes you took years ago. They were worth it.)
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6. The type of diabetes also plays a role. A later analysis of the data 
suggested that patients with Type 2 diabetes, or patients older than 40 
years old (which is usually the same thing), are more likely to benefi t 
from scatter photocoagulation when they have severe  NPDR or early 
PDR without high-risk characteristics. This did not seem to be true for 
patients with  Type 1 diabetes who had the same degree of retinopathy. 
It is not clear why this is the case; perhaps older patients are more likely 
to get a  vitreous hemorrhage once they get neo because their vitreous 
is more jiggly. Whatever the reason, this does data support consider-
ation of earlier treatment in older patients.4  

What if there is a vitreous hemorrhage but no obvious neo?

Although knowing when to intervene earlier is important, it is also good to know 
when to hold off. Such a situation may occur when you are faced with a patient 
who has a vitreous hemorrhage but no evidence of neovascularization. The  DRS 
showed that a vitreous hemorrhage alone is generally not an indication for PRP, 
but this is true only if you are certain there is no neovascularization. If there is a 
localized preretinal  hemorrhage that blocks the view of a section of the retina, or 
a dense vitreous hemorrhage that allows only a limited view, it is usually best to 
assume there are new blood vessels somewhere and treat the patient. 

Remember that if the hemorrhage is so dense that there is no view, you 
have to get an ultrasound to be sure the retina is not being pulled off. You are 
taking a big risk for both yourself and your patient if you can’t see the retina 
and you don’t get an ultrasound; if something is going wrong back there, it is 
usually bad to do nothing.

The nature of the retinopathy in the fellow eye can help in such a situation, 
too. If the fellow eye has already had proliferative disease that required laser, 
it is worthwhile considering laser in the second eye even if you do not see any 
obvious neovascularization. On the other hand, if there is only minimal diabetic 
disease in the fellow eye, observation may be the best course. 

If the hemorrhage is mild, though, you need to study the retinal periphery care-
fully, or even consider  fl uorescein angiography to help you decide whether there 
are new vessels. If there are no vessels, then it is defi nitely better to watch such 
patients; recall that the diabetic vitreous is sticky and is more likely to break a 
few capillaries if it separates. You will end up needlessly burning retina if you 
automatically treat every diabetic with a mild vitreous hemorrhage. 

Finally, for the second time in the same chapter, never forget that diabetics can 
get non-diabetic problems such as  retinal tears, so remember to inspect the far 
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periphery closely—don’t just look in the mid-periphery and quit if you don’t see 
anything. 

What if a patient shows up with old, burned-out disease that was 
never treated?

Although most of your life you will be faced with patients who are in the progres-
sive stages of PDR, remember that if left untreated the neovascular stimulus 
eventually fades as the retina just plain dies off. Most of the time, if the disease 
is allowed to run its course the retina ends up like a shriveled orchid in the 
center of a blind eye (hence the existence of books such as this one). You may, 
however, occasionally see patients in whom this process has occurred with little 
disruption of the central retina—these patients essentially avoided the typical 
disastrous outcome and “survived” the proliferative phase of their retinopathy. 
Such patients often have very broad areas of fi brosis in the periphery, where 
the old neovascularization involuted and became quiescent. Deciding whether 
to treat such patients can be diffi cult—the standard rules do not apply. These 
patients have somehow achieved a metastable state, and there is always a 
concern that by going in and aggressively treating with laser you will push them 
into hemorrhagic or tractional problems that they might not otherwise have 
developed. In general, however, it is safer to gently work in a  PRP, rather than to 
do nothing. This is because the wide swathes of untreated peripheral retina may 
become more ischemic with time, and lead to late problems such as recurrent 
retinal proliferation or anterior segment  neovascularization. 

Figure 13. A patient with fi brotic, end-stage PDR. Note how everything seems
to be quiescent prior to treatment, but after laser, there is an area where subtle 
neovascularization regressed and became fi brotic (arrow). The omnipresent
neovascular stimulus of the ischemic retina makes treatment a safer bet than
observation in eyes like this; you are buying the patient insurance that nothing
worse happens in the future. Do go slow if you treat such an eye, however. Rapid 
carpet-bomb laser will likely stir things up in such a fragile eye, perhaps even
causing a tractional retinal detachment.
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If you decide to treat an eye like this, and usually you will, the patient (and you) 
must understand that there is always a small risk of stirring up trouble. The one 
thing you don’t want to do is to decide that you have to make up for lost time 
by hammering the entire retina aggressively. This carries a high risk of screwing 
things up in such a delicate eye. It is much better to treat these patients gradu-
ally over a number of sessions, and to avoid heavy burns around the atrophic or 
tractionally detached retina which could lead to hole formation. 

Do you have to have an   FA before a PRP? No. But…

An FA is not mandatory before treating isolated PDR. The great ophthalmic court 
in the sky should not frown upon you if you do not get one, especially because 
in many places it may not be an option. However, if it is available, you should 
consider doing the test for a few reasons: 

1.  An FA can give you an idea of exactly where most of the capillary ischemia is 
in the periphery; this will help you assess how bad the disease is, where to treat, 
and how aggressive you will need to be with your PRP (Figure 14). 

Figure 14. Another example
of an FA lighting up neovas-
cularization and defi ning the
border between perfused and
non-perfused retina. Note the
preretinal hemorrhage that does
not appear to be near the obvi-
ous new vessels. There may be
neovascularization underneath 
the heme, or it may have origi-
nated from puffy and swollen
vessels inside the perfused
retina that are just beginning to
sprout new vascular channels.

2.  You will get info about the functional status of the macular blood vessels. 
Sometimes the macula can look fairly decent on clinical exam and OCT, but 
there may be subtle capillary dropout or leakage on the angiogram, indicating 
that the macula is more fragile than you would think. These fi ndings suggest that 
you should go very slowly when you start doing the PRP to avoid stressing out 
the capillaries and making the patient’s central vision worse due to macular ede-
ma. Also, if the patient is beginning to develop  capillary dropout in the temporal 
macula you will need to warn the patient about the potential for vision loss that 
exists with even successful treatment of their proliferative disease. In the manly 
world of retina specialists, where manly men and women think up manly names 
for microscopic problems in order to feel more manly, this particular pattern is 
sometimes called the fl ying wedge of death (Figure 15). This pattern does not 
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Figure 15. A triangu-
lar wedge of ischemia
encroaching into the
macula.

always progress, and in fact, some patients may be stable for years—especially 
if they have good control. Still, it is important to let the patient know what you 
are worried about and what it might mean to their vision.

3.  A less “medically necessary” but remarkably powerful use of the angiogram 
is for patient education. If a patient has yet to display symptoms of their retin-
opathy, you can try to convince them of the impending danger by showing them 
the fronds of neovascularization surrounding their posterior pole. This is not a 
reason to subject a patient to an invasive test like an  FA, but if a study is done, it 
is a shame to not use it for this purpose. 

On the other hand (and the problem with being a conscientious doctor is recog-
nizing that there is always an “other hand”), you may fi nd yourself in a practice 
where obtaining an angiogram is not a simple thing. If you do not have easy ac-
cess to an FA, it may be better to go without one if your clinical sense is that the 
retina does not hold any big surprises. Making the patient jump through hoops 
to undergo the pleasure of an FA, and to get even more medical bills, may be 
enough to drive them away from being treated. This is way worse than not hav-
ing an FA in the fi rst place. Everything is a balance…DR.R
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