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I.  INTRODUCTION

The prevalence of Diabetes worldwide is increasing in epidemic proportions.1-3 
Diabetic retinopathy is currently the leading cause of blindness in Americans between the ages of 20-74 years4.  Consequently, it has a major impact on our society, not only in terms of the costs of treatment, but also in terms of lost productivity by affected individuals during the most active years of their lives. The incidence of vision loss is related to duration of diabetes, presence of proteinuria, and elevated glycated hemoglobin5. In spite of this well-established information, a population-based study6 in Wisconsin surprisingly found that in a group of 996 patients with Type I diabetes and proliferative diabetic retinopathy needing laser therapy (“high risk characteristics” as defined by the Diabetic Retinopathy Study), a staggering 55% had no laser photocoagulation treatment. It is clear from such observations that there exists a significant lack of awareness throughout the health care system as to the importance of early diagnosis and the efficacy of prompt therapy of diabetic retinopathy.
 
Laser therapy of diabetic retinopathy is the modern paradigm of how knowledge obtained from national, multi-center, clinical trials has significantly impacted upon clinical practice guidelines and greatly benefited patients with diabetes. More recently, the Diabetes Control and Complications Trial (DCCT) 7 and the United Kingdom Prospective Diabetes Study (UKPDS) demonstrated the efficacy of strict glycemic control in preventing the onset and inhibiting the progression of retinopathy, the latter study also demonstrating the importance of blood pressure control in diabetic retinopathy8. The challenge now is to translate these findings into improved patient care. The following attempts to meet this challenge by reviewing the clinical spectrum of diabetes effects upon vitreous and retina, describing how these changes threaten vision, and outlining what laser and surgical modalities are available to prevent blindness. Clinical Classification systems9 will be important tools in determining which patients should be treated with future pharmacotherapy specifically targeting diabetic retinopathy.

The transition from laser therapy to pharmacotherapy of diabetic macular edema with intravitreal injections of Ranubizimab (Lucentis) is the latest paradigm of how Ophthalmology has evolved as a result of increased knowledge about pathophysiology. Ew therapies are the developed to replace destructive ‘invasive’ treatments with gentler less damaging therapies.     To date, the results with drug therapy of diabetic macular edema have been spectacular. 


II.	NON-PROLIFERATIVE DIABETIC RETINOPATHY

	A. 	Pathogenesis
1.  Vascular basement membrane pathology10
2.  Pericyte degeneration11
3.  Tight Junction Dysfunction12

	B. 	Clinical Manifestations12
1.  Venous dilatation
2.  Microaneurysms, microhemorrhages
3.  Macular edema
a.  Retinal thickening <500 µm from fovea
b.  Hard (lipoprotein) exudates <500 µm from fovea
	c.  Treatment
i)   Macular laser photocoagulation reduces visual loss from
diabetic macular edema by 50% (12% lost vision vs. 24% in    untreated group after 3 years)   (ETDRS)13 
ii)   Aspirin not effective   (ETDRS)13
iii)   Intravitreal steroid implant  (Bausch & Lomb)
    				iv)   Intravitreal Triamcinolone14
v)    Vitrectomy with membrane peel15
vi)   Vitrectomy with pharmacologic vitreolysis16, 17


III.	PRE-PROLIFERATIVE DIABETIC RETINOPATHY

	 A.	Pathogenesis
1.   Impaired vasodilatation of retinal blood vessels18
               2.   Intraretinal capillary occlusion creates areas of non-perfusion and ischemia
               3.	 Hematologic (platelet/RBC) abnormalities cause abnormal blood rheology19
4.   Abnormal hemoglobin oxygen affinity19 increases ischemia

	B.	Clinical Manifestations9, 12
1.  Cotton wool spots in retinal nerve fiber layer 
2.  Venous beading and large blot hemorrhages on funduscopy
3.  Capillary non-perfusion on fluorescein angiography
4.  University of Wisconsin 4:2:1 Rule identifies risk to PDR in 1 year: 
1 feature =15% risk, 2 features = 45%
	•	Intraretinal heme & microaneurysms in 4 quadrants
	•	Venous beading in 2 quadrants
	•	IRMA in 1 quadrant
	

C.     Treatment
The DCCT4 and UKPDS20 (Lancet 352:837, 1998) trials demonstrated value of instituting good glycemic control. There are new developments in drug therapy for diabetic retinopathy:

	1.	Hemorheologic Agents

Studies are currently defining a role for agents to correct blood rheology21,22 to improve blood flow and tissue oxygenation.

	2.	Protein Kinase C Inhibitor23, 24

A phase III FDA trial has been completed. While there was a statistically-significant therapeutic effect, the control group did not worsen at the predicted rate and thus the FDA has requested more data before rendering a decision.

3.   Pharmacologic Vitreolysis17, 25
Exogenous or endogenous pharmacologic agents could be used to safely detach the posterior vitreous away from the retina, thereby improving the prognosis of advancing cases.

		4.   Anti-VEGF Therapy
Ranubizumab (Lucentis) injections into vitreous have been approved by the FDA for the treatment of diabetic macular edema and is now the standard of care for treatment of DME with leakage26 - 30.

IV.		PROLIFERATIVE DIABETIC VITREO-RETINOPATHY

A.     Pathogenesis
1.  Angiogenic growth factors26, 27
2.  Endothelial cell migration and proliferation26
3.  Diabetic Vitreopathy31-34

	B. 	Clinical Manifestations9, 12
1.  Neovascularization of the disc and retina
2.  Vitreous hemorrhage
3.  Tractional Retinal Detachment
4.  Vitreoschisis35
5.  Neovascularization of the iris and glaucoma

        C.	      Diagnostic Testing

1.  Fluorescein angiography is useful in identifying capillary non-perfusion and
neovascularization.
2.  Ultrasonography35 is used in cases with vitreous hemorrhage to diagnose RD. 
3.  Optical Coherence Tomography to quantitate macular edema & thicken

D. 	Treatment

1.  Neovascularization [Diabetic Retinopathy Study (DRS)]:
In patients with high risk characteristics (neovascularization of the disc, or neovascularization of the retina with vitreous hemorrhage) panretinal  photocoagulation reduces severe visual loss by more than 50%.36
		
		2.  Vitreous Hemorrhage/Tractional Retinal Detachment:	
     [Diabetic Retinopathy Vitrectomy Study (DRVS)]
Vitrectomy is effective in clearing vitreous hemorrhage and relieving
vitreous traction upon the retina. Early vitrectomy is beneficial in achieving 10/20 vision or better in 44% as compared to 28% in the deferred treatment group. 37

3.	Pharmacotherapy
a) Pharmacologic Vitreolysis17, 25, 38
The use of intravitreal hyaluronidase injection to clear vitreous
 hemorrhage in an office setting has failed FDA Phase III clinical testing in the US. 
In the future, pharmacologic vitreolysis may be useful to induce PVD prior to the onset of advanced proliferative disease.38 

			b) Anti-VEGF therapies39, 40
		
V.	SUMMARY
Improved medical care has increased the life expectancy diabetic patients such
that by the 1960's diabetic retinopathy had become a major public health problem. The Diabetic Retinopathy Study (DRS) demonstrated the tremendous benefit of pan-retinal photocoagulation (PRP). This monumental study spawned the subsequent Early Treatment Diabetic Retinopathy Study (ETDRS) and Diabetic Retinopathy Vitrectomy Study (DRVS). Combined, these 3 studies have markedly improved the management of diabetic retinopathy and resulted in significant prevention of vision loss.
It was recently determined that the DRS alone, which cost $10.5 million, has resulted in
savings to the American People of over 82,000 vision years and $1.1 billion since the DRS was completed41.  Furthermore, the DRS demonstrated the value of the randomized clinical trial in the assessment of new treatment modalities and as such as stimulated the organization of several ophthalmic42 and other subspecialty clinical trials, such as the DCCT4.
The key to enabling patients to benefit from the results of these studies and the available
technology that can prevent vision loss is early diagnosis and prompt treatment by qualified specialists.
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