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Abstract Retinal vasculature changes in diabetic patients
are most common cause of blindness among eye diseases.
Numerous studies have explored the role of the agiogenic
factors in the progression of diabetic retinopathy (DR). The
balance between angiogenic and antiangiogenic factors has
a determining role in the DR progression. Current treatment
modalities include laser photocoagulation, intravitreal drug
application, and pars plana vitrectomy (ppv). These
maneuvers are employed with occurrence of advanced
retinal changes. New diagnostic approaches can provide
better information for the initial retinal changes thereby
requiring a new DR classification and treatment guidelines.
The results that are expected from Diabetic Retinopathy
Clinical Research Network (DRCR) are at the level where
prediction and prevention can not be made. Innovative
molecular-imaging technology, can pave the way for
application of novel clinical approaches. Identification of
pathology-specific biomarkers and their application to
diagnosis and treatment, support the individualized treat-
ment algorithms.
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Prevalence and economic burden

WHO has estimated that there were 171 million people
worldwide with diabetes mellitus (DM) in 2000 and
predicted that 366 million people will have DM by
2030. The United States Centers for Disease Control
and Prevention have estimated that 13 million persons
in the United States have diagnosed DM, and an
additional 5,2 million have the disease but it is not
yet being diagnosed [1].

Diabetes Mellitus is a severe metabolic disease associ-
ated with a number of complications including retinopathy,
nephropathy and neuropathy. Mortality related to DM and
its complications result in 3.8 million deaths annually,
accounting for 6% of the total worldwide mortality [2, 3].
The mortality risk in the diabetic population in the age of
40–49 years is about 6–7 years and for the age category of
60–69 it is about 3-4 years higher, compared to mortality
risk, at the same age healthy population. The stage of
nephropathy, including the severity of proteinuria is a
predictable factor for the mortality risk. Approximately
2.5% to 15% of annual healthcare budgets is spent on care
of patients with diabetes and associated complications. It
has been estimated that programs to identify and treat
diabetic retinopathy (DR) would have saved the United
States health care budget nearly 400 million dollars an-
nually in the early 1990s, ] a figure that would probably be
substantially higher today [4].
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Consequences of “Bad Metabolic Memory”

A lot of studies in DM type 2 between which is the
UKPDS-Study, have underlined the beneficial effect of
having the HbA1c, not <6%. A diverse array of micro- and
macrovascular changes, are induced trough “Bad Metabolic
Memory” and increase, as well as decrease of HbA1c
(Fig. 1).

Retinal vascular changes in diabetic population are the
most common cause of blindness among eye diseases.
Impairment of retinal circulation results in blood flow
alternations that affect the delivery of oxygen and metabolic
substrates to the tissue. Various pathophysiological path-
ways mediate neuronal damage due to insufficient oxygen
supply. Release of oxygen derived free radicals, nitric
oxide-mediated neurotoxicity, and delayed cell death lead
to neuronal damage. Poor glycemic control sets the stage
for initiation of the microvascular changes [4].

The molecular basis of DR and maculopathy takes into
consideration the role of growth factors and cytokines in the
development of diabetic vascular alterations, their specific
influence on the cellular interaction between retinal
endothelial cells and pericytes, and the role of intravascular
blood components. The earliest histological features of DR
include neuroretinal damage, capillary basement membrane
thickening, loss of pericytes and loss of endothelial cells.
The hallmark of proliferative diabetic retinopathy (PDR) is
neovascularization (NV) which occurs at the latter stages of
the disease and can result in blindness; NV is the
consequence of abnormal fibrovascular proliferations with
subsequent bleeding and retinal detachment [5]. Numerous

studies have underlined the role of the angiogenic factors in
the progression of DR and include vascular endothelial
growth factor (VEGF), insuline-like growth factor (IGF-1),
hepatocyte growth factor (HGF), basic fibroblast growth
factor (b-FGF), platelet-derived growth factor (PDGF), pro/
inflammatory cytokines and angiopoetins. On the other
hand, the major antiangiogenic factors are: pigment
epithelium derived factor (PEDF), transforming growth
factor beta (TGF-beta), thrombospondin (TSP) and somato-
statin [5–7]. The balance among angiogenic and antiangio-
genic factors has a determining role in the progression of
DR.

Benefits of early therapeutic measures

The Early Diabetic Retinopathy Study (EDRS) demonstrates
the ability of panretinal photocoagulation to reduce the rate of
severe visual loss by 50% for eyes with high risk character-
istics, defined as NV originating from optic disc (> 1/3 disc
diameter), any NV originating from the optic disc with
hemorrhage, and NVoriginating from the retina with vitreous
hemorrhage. The EDRS showed that patients with (type 2)
DM who were older than 40 years of age, with severe
nonproliferative DR (defined as hemorrhages in four quad-
rants, or intraretinal microvascular abnormalities in one
quadrant), have benefited from early panretinal photocoagu-
lation. The Early Vitrectomy Diabetic Study (EVDS) showed
that early vitrectomy (within 6 months of onset of vitreous
haemorrhage) was associated with better results in type 1
diabetes mellitus patients [7–9].

Where are we now with our knowledge?

Where are we now in relation to our knowledge in
prevention and early treatment of DR? Did we follow our
investigations in a direction that can give us solution of the
main problems, or our investigations do not have a real
clinical impact? Can we expect better predictive strategies
for early diagnosis and treatment?

To answer these questions we will summarize our results
achieved with currently available diagnostic and therapeutic
approaches. These are exciting times for specialists in the
management of retinal diseases. A number of advances in
science have been translated into real and measurable
advances in patient care.

The emerging investigations are concentrated on differ-
ent secretory proteins and their role in the development on
PDR. For example secreted acidic proteins rich in cystein
(SPARC) are isolated from the vitreus fluid and are
increased in patients with PDR. Furthermore, subretinal
injections of recombinant SPARC adenovirus, induce PDR-

Fig. 1 ACCORD—Study: HbA1c influence on cardiovascular com-
plications. Increase of glycated hemoglobin in diabetic population at
baseline, and in 6 years follow-up period, has the same impact on the
cardiovascular complications, as the decrease of HbA1c <6.0%
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like changes in the rat, thereby providing a relevant animal
model for the investigation of PDR. [10, 11].

Robo4, a member of roundabout (Rabo) family, acts as a
neuronal guidance receptor and plays some role in vasculo-
genesis and angiogenesis. Several studies have shown its
effect on the formation of fibrovascular membranes in
patients with PDR, and its role in choroids-retina endothe-
lial (RF/6A) and human retinal pigment epithelial cells.
Silencing the expression of Robo4 in RF 6A and RPE cells
inhibited their proliferation and reduced the hypoxic
condition tolerance [12].

A number of studies have estimated increased levels of
interleukin 8 in vitreous samples from patients with PDR
and in patients with more severe large-vessel gliotic
obliteration [13].

Cystein-rich 61 (Cyr61) induces are reported to mediate
angiogenesis, and they have been shown to cause prolifera-
tion, migration, and synthetic matrix tube formation of RF/6A
cells. Hypoxia significantly induced Cyr61 mRNA and
protein expression. Recent reports indicate that Cyr61 acts
as an angogenic mediator of ocular NV in vitro and in vivo. It
may interact in synergy with VEGF in the pathogenesis of
PDR [14]. On the other hand, rosiglitazone maleate, an oral
peroxsisome-proliferating activated receptor gamma agonist
and oral insulin sensitising agent with potential antiangio-
genic activity, delays onset of PDR [15].

The “Golden Standard” of therapy in DM is insulin, and
previous studies have emphasized its inhibitory effect on
the progression of the DR. However, recent information
suggests this to be controversial because insulin can
stimulate VEGF and hypoxia-inducible factor-1 (HIF-1)
expression in retinal pigment epithelial cells. VEGF is
considered as a main factor for the development of the
PDR, but recently, a 634C/G polymorphisms in the VEGF
gene was shown to be associated with PDR. The expression
of VEGF, VEGFR1 and VEGFR2 levels is much higher in
patients with PDR and DM, than in diabetics with PDR and
DM type 2 [16].

Studies that have analyzed the expression of integrins
and their localization within the endothelium (in mem-
branes from proliferative DR isolated during the vitreor-
etinal surgery) may provide new possibilities for the future
treatment of the proliferative DR. The results suggest an
essential role of integrins alfa and beta3 in the pathogenesis
of PDR.

A number of studies have shown the beneficial effect of
intravitreal Anti-VEGF therapy [17]. The results were
achieved between 1–3 weeks in the patients with retinal
neovascularization elsewhere and neovascularization of the
disc. Assessment of the short-term safety and efficacy of
inravitreally administrated bevacizumab (an Anti-VEGF
agent) as an adjunctive treatment for PDR, especially in the
severe cases with iris NV, has been estimated in a number

of studies [17–20]. These studies confirmed regression of
the NV, but the main disadvantage of the Anti/VEGF drug
administration is the need of repeated injections in order to
prevent recurrences of the NV [21].

Glucocortcoids (e.g., triamcinolon acetonide) that are
among the drugs used for intravitreal application can
influence diabetic macular edema (DME). The pathogenesis
of PDR is multifactorial involving both angiogenic and
inflammatory processes. When administrated together with
Anti-VEGF drugs (bevacizumab, ranibizumab) can induce
NV and DME regression. The results achieved from the
studies may make this procedure an important adjunctive
treatment in the management of selected cases with severe
PDR [22].

The long-term results of intravitreal bevacizumab (Avastin),
alone, in patients with PDR do not reveal any safety concerns
[22, 23].

Current treatments for conditions such as DME are
limited. For instance, laser photocoagulation, while superior
to intravitreal triamcinolone (IVT) or Anti-VEGF drugs,
reduces but does not eliminate the risk of continued visual
loss and is destructive to the retina. Focal/Grid laser is more
effective than IVT with fewer side effects within the initial
2 years. Laser or IVT are both more likely to improve the
VA over three years compared to the expected untreated
course. Focal/Grid laser should serve as benchmark for
future clinical trials for DME.

Clinical investigations include those which evaluated the
efficacy of intravitreal injection of bevacizumab in prevent-
ing panretinal photocoagulation, macular thickening and
visual dysfunction in eyes with severe PDR. The results
showed that the best corrected visual acuity increased after
the combined AntiVEGF-laser treatment while the central
foveal thickness decreased. [22, 23].

Intravitreal injection of bevacizumab can also be used in
patients with PDR, that are undergoing pars plana plana
vitrectomy (ppv). The intravitreal administration of bev-
acizumab (before ppv for PDR) facilitates surgery and may
decrease the rate of postoperative vitreous hemorrhage and
improve visual acuity [24, 25]. Ranibizumab (Lucentis) is
an affinity-matured recombinant humanized immunoglobu-
lin monoclonal antibody fragment with a molecular weight
of 48 kD that binds to and inhibits the biologic activity of
all isoforms of human VEGF by preventing interaction with
its receptors. The fragment is one third the size of a full-
length antibody and readily penetrates all layers of the
retina after intravitreal injection, consequently decreasing
cell proliferation and vascular permeability. The latest
studies have also shown the positive effect of the drug,
applied intravitreal in cases of DME.

The DRCR Network makes a collaborative effort on DR
and additional retinal disorders. The funding was through
National Eye Institute that sponsored cooperative agree-
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ment that was initiated in September 2002. At the moment
there are eleven “on-going” protocols that should estimate
the results of different therapeutic approaches in cases of
DR. The objective is to develop a collaborative network to
facilitate multicenter clinical research on DR, DME and
associated conditions (Fig. 2).

The goals of the DRCR are:

➢ Involvement of community based practices as well
as academic or university-based centres.

➢ Collaborate with industry to facilitate investigations
and pursue opportunities otherwise not possible and
to do so in a manner consistent with the Networks
dedication to academic integrity and optimal clinical
performance.

Currently 8 trails are being planned. This will include the
effects of cataract surgery upon DME and the effects of
intravitreal plasmin to cause a posterior vitreous detach-
ment upon DME.

With the advent of new sophisticated techniques and
diagnostic tools, the latest classification of the DR seems to
be insufficient. Initial diabetic changes can not be detected
with the current diagnostic methods. Thus a new classifi-
cation for diabetic retinal changes should be considered.
Triggered on the molecular level, the non-responders to the
standard therapy should be provided a strategy of person-
alized patient treatment. Based on emerging pathophysiol-
gical mechanisms, we should devise novel therapies and
planning. Although individualized therapy planning seems
to be expensive, we should consider the fact that the
diabetic complications lead to economic and psycho-social
problems. Diabetes costs range from 2.5% to 15% of
annual health care budgets. The complicated treatment
phase, including the sophisticated and expensive techniques

of ppv, using different kind of drug substitutes do not
always provide us satisfactory results. The main problem at
this point is not only the associated complications of the
treatment, but the chronicity of the disease. The long-term
results of the surgery are not always stabile over time, and a
lot of late complications can not be avoided. All these facts,
lead us to a “Point of no Return”. Thus there is a need for
new diagnostic and therapeutic approaches to be instituted
much earlier at a time when there is no evidence of retinal
damage. Hypertension, insulin resistance, dyslipidemia and
obesity, are commonly found in a combination with this
stage of PDR. New diagnostic images, that can discover
early diabetic changes, can provide useful informations for
the novel DR treatment. Pathology specific biomarkers,
DNA analysis in conditions of chronic diseases diagnostic
and treatment, do not deliver us only information about the
general concept of treatment, but also help us in the
individual-treatment, individual drug response and benefits
according to this strategy of individual healthcare. There is
a need of collaborative network, to facilitate multicenter
clinical activities, and thereby development of advanced
treatment algorithms for DR and DME.

The multidisciplinary approach to chronic diseases, such
as DR can initiate research activities in different fields that
could create the model of personal-based-patient-care. This
means, we should gain new strategies to the optimal
concept that includes:

& Recognize the population at risk of the disease
& Follow-up before the initial changes become manifested
& Search for new approaches that can prevent the

development of the disease
& Early treatment
& Optimal follow-up

DRCR Network Protocols (as of Jan., 2009) # of 
Subjects 

Pilot Study of Laser Photocoagulation for DME (A) 263 

Randomized Trial: Intravitreal Steroids vs Focal Laser for DME (B) 693 

Temporal Variation in OCT Measurements in DME (C) 107 

Evaluation of Vitrectomy for DME (D) 237 

A Pilot Study of Peribulbar Triamcinolone Acetonide for DME (E) 113 

Observational Study: Development of DME After PRP (F) 155 

Subclinical Diabetic Macular Edema Study (G) 82 

Phase 2 Randomized Trial of Bevacizumab for DME (H) 121 

Laser-Ranibizumab-Triamcinolone for DME (I) 691 

Laser-Ranibizumab-Triamcinolone for PDR + DME (J) 225 

Laser Response Protocol (K) 128 

DRCR Network Study Subject Total 2,645 

Fig. 2 Searching for the results
of different treatment modalities
in cases of diabetic macular
edema, according to the DRCR
Network protocols
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