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Abstract: Diabetic retinopathy is the major cause of blindness at working age. The pathogenesis behind visual loss is re-
lated with retinal angiogenesis and increased retinal vascular permeability. These changes seem to be the result of chronic
hyperglycemia and hypoxia. Several mechanisms have been proposed to cause the retinal and vasculature cellular dam-
age. They include the formation of advanced end glycation products, aldose reductase activity and reactive oxygen spe-
cies. Ultimately, they lead to the expression of VEGF-A. This growth factor seems to play the pivotal role in the devel-
opment of the complications associated with the disease including break down of the inner blood retinal barrier, macular
edema and vasoproliferation. Other mechanisms like inflammation, protein kinase C activity and erythropoietin have been
strongly associated with the pathogenesis.

Laser therapy is still the standard of care for diabetic retinopathy and prevents severe vision loss in 95% of patients if
timely treatment is performed. The better understanding of the disease has led to the production of new management op-
tions that may become important adjuvants for the disease. They include intravitreal anti-VEGF therapy, intravitreal ster-
oid therapy and systemic protein kinase C inhibitors. Vitrectomy is an important option for advanced cases of the disease

such as tractional retinal detachment or non-absorbing vitreous hemorrhages.

Keywords: Angiogenesis, proliferative diabetic retinopathy, diabetic macular edema, intravitreal anti-VEGF therapy,

intravitreal corticosteroid therapy.

INTRODUCTION

Diabetic retinopathy is a major microvascular complica-
tion of diabetes mellitus. Its pathogenesis is heavily related
with angiogenesis and vascular permeability induced by hy-
poxic stimuli and chronic hyperglycemia. It is the leading
cause of blindness in patients between 40 and 60 years of
age in industrialized countries [1] and is therefore a major
health problem, incapacitating people at working age. It af-
fects both patients with type 1 and type 2 diabetes [2-4].

Diabetic retinopathy is a progressive disease that evolves
through several different stages asymptomatically before
affecting visual acuity. Even in some cases of advanced dis-
ease and a poor prognosis if left untreated, visual symptoms
may be absent. However, severe visual loss can be prevented
in over 90% of patients if timely diagnosis and proper treat-
ment with retinal laser is performed [5]. Prevention of diabe-
tes mellitus and good metabolic control are cornerstones for
avoiding diabetic retinopathy and slowing down its progres-
sion [6, 7]. However, the absence of symptoms in the early
stage of disease may lead to late referral to an ophthalmolo-
gist with devastating results in vision. Better understanding
of the pathogenesis of the disease has allowed recent ad-
vances in management options for patients. New treatment
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modalities are being used to treat diabetic retinopathy with
promising results [8-18].

Epidemiology

Diabetes mellitus is a growing major health concern
worldwide. In the year 2000, 171 million people (2.4% of
the world’s population) were estimated to suffer from this
condition. The prevalence is expected to increase to 4.4% by
the year 2030 [19].

Diabetic retinopathy is a progressive disease. Epidemi-
ologic studies in 1984 showed that in patients with type 1
diabetes, some form of diabetic retinopathy was seen in al-
most every patient after 20 years of disease [3]. In patients
with type 2 diabetes mellitus, 80 percent of patients had evi-
dence of disease after this time period [2]. Proliferative dia-
betic retinopathy can be present in 50% of patients with type
1 diabetes after 15 years of diagnosis. In type 2 diabetes,
these numbers were 5-10% in patients not treated with insu-
lin and 30% for patients treated with insulin. These numbers
evidently show that the vast majority of diabetic patients will
have some form of diabetic retinopathy as long as their
lifespan is long enough. Also, an important proportion of
patients will reach the advanced stages of the disease. Great
attention must be put into screening and rapidly diagnosing
these patients so timely diagnosis and therapy can be
achieved.

In type 1 diabetes, diabetic retinopathy does not develop
until 3-5 years after the onset of the disease [3]. This demon-
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strates that chronic (and not acute), long-lasting hyperglyce-
mia is necessary for the development of retinal disease. Pa-
tients with type 1 diabetes do not need immediate screening
at the time of diagnosis; this can be postponed for 3-5 years.
Type 2 diabetes mellitus has a more insidious onset. It is
possible for a patient to have diabetes mellitus for several
years and not be aware of that fact. As a result, it is possible
that at the time of diagnosis of the systemic disease, diabetic
retinopathy may already be present. In some cases, the diag-
nosis of systemic diabetes mellitus is inferred from the pres-
ence of advanced diabetic retinopathy. Patients with newly
diagnosed type 2 diabetes should be screened for retinopathy
at time of diagnosis. Delayed screening postpones diagnosis
and treatment. Treatment is more effective if applied at an
appropriate stage of the disease [5]. Several different screen-
ing options have been proposed for diabetic retinopathy de-
pending on the grade and severity of the retinal disease. Dif-
ferent methods include retinographies and telemedicine [20-
22].

CLINICAL FEATURES

To better understand the pathogenesis of diabetic reti-
nopathy it is important to know the gross clinical features of
disease progression.

The disease is clinically classified into non-proliferative
or proliferative forms. The non-proliferative lesions occur in
the initial phases [23]. As the disease progresses, a prolifera-
tive stage develops when new retinal vessels proliferate from
existing vasculature (angiogenesis). The visual prognosis of
proliferative diabetic retinopathy without treatment is dis-
mal. However, with proper treatment, risk of severe visual
loss may be reduced by 50% [24].

The initial lesions seen in patients with diabetic retinopa-
thy are microaneurysms, small dilations of the retinal capil-
laries. Later, small areas of hemorrhage within the retina can
be seen; as disease progresses areas of necrosis of the retinal
nerve fiber layer (cotton wool spots) are observed. As the
areas of hypoxia increase, venous dilations, venous loops
and intraretinal microvascular abnormalities (IRMA) de-
velop. These features are the hallmark of the non-
proliferative disease. Non-proliferative diabetic retinopathy
is classified into mild, moderate or severe depending on the
number and type of lesions observed [23]. Mild diabetic reti-
nopathy occurs when only microaneurysms are present. Se-
vere non-proliferative diabetic retinopathy occurs when any
one of these three parameters is detected in ophthalmic fun-
dus examination: more than 20 intraretinal hemorrhages in
each of 4 quadrants; venous beading in 2 quadrants; promi-
nent intraretinal microvascular abnormality in 1 quadrant and
no signs of proliferative retinopathy. Moderate diabetic reti-
nopathy occurs when more than microaneurysms are present
but none of the “severe characteristics” are observed [23].

Usually, lesions of non-proliferative diabetic retinopathy
do not have visual significance and the patient remains as-
ymptomatic. This can occur even in the severe stage of the
non-proliferative disease. However, the overall prognosis
worsens as the disease progresses. More advanced stages of
non-proliferative diabetic retinopathy have a greater risk of
becoming proliferative disease.

In diabetic retinopathy vision loss occurs due to two ma-
jor retinal problems: macular edema (caused by increased
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vascular permeability) and retinal neovascularization (caused
by angiogenesis) [25]; the existence of neovascularization
marks the beginning of proliferative disease. Vision loss
caused by diabetic retinopathy can be potentially irreversi-
ble.

Macular edema is the most frequent cause of moderate
visual loss in diabetic retinopathy. It is more common in type
2 diabetes mellitus patients taking insulin than on type 1 pa-
tients [4].

Macular edema can exist with or without proliferative
diabetic retinopathy and their severities are not directly re-
lated. Severe cases of diabetic macular edema can occur in
patients with moderate non-proliferative diabetic retinopathy
and severe proliferative disease can occur without macular
edema [26].

The macula is located in the posterior pole of the eye. Its
centre, the fovea, is responsible for central visual acuity. It is
an area that physiologically has very little extra-cellular fluid
so that minimal diffraction occurs as light traverses the reti-
nal tissue before reaching the photoreceptors [27]. As the
disease progresses, a break-down in the blood retinal barrier
occurs [28-32] causing an increase in macular vascular
permeability and extravasation of plasma from blood [27, 30,
31]. Resorption of the fluid elements from the extracellular
space will leave lipoproteins deposit in the outer retinal lay-
ers [30]; these can be seen ophthalmoscopically as hard exu-
dates. When the leakage of plasma from small macular ves-
sels is overwhelming, accumulation of extra-cellular fluid
occurs. This edema can either affect focal areas of the retina
or it can diffuse throughout the posterior pole. In focal
edema, leaking microaneurisms are though to cause retinal
thickening. A circinate ring of hard exudates commonly sur-
rounds these exudating microaneurisms [30]. In severe cases
of diabetic macular edema, intraretinal leakage can occur
from dilated retinal capillary bed or from intra-retinal mi-
crovascular abnormalities [32]. When the foveal area is af-
fected the patient usually reports blurry vision.

In proliferative diabetic retinopathy the formation of new
blood vessels occurs from existing capillaries as a result of
angiogenesis. These blood vessels usually arise in the inter-
face between perfused and non-perfused areas of the retina in
retinal neovascularization [25]. They can also originate from
the optic disk (neovascularization of the disk). These new
vessels are extremely immature, fragile, permeable and bleed
very easily. By themselves, they do not cause visual com-
promise, but they are in the origin of severe complications
such as vitreous hemorrhage or tractional retinal detachment.

When the retinal blood vessels proliferate, they may
grow outside of the retinal plane onto the vitreous body; the
vitreous acts as a scaffold for proliferating retinal vessels and
fibrous tissue. New vessels reach the vitreous by invading
the internal limiting membrane [33].

As a result of the break-down of the blood-retinal barrier,
fibronectin, accumulates at the vitreoretinal interface [34].
Fibronectin mediates the migration of endothelial cells fa-
vouring vessel growth towards the vitreous cavity [35].

When a fibrovascular component that has grown onto
vitreous contracts, traction on the underlying retina can cause
tractional retinal detachments. Severe vision loss can occur
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when the central macula is detached. Tractional forces on the
fragile immature, proliferating vessels may cause bleeding
into the vitreous cavity. Vitreous hemorrhage prevents light
from reaching the retina and causes a sudden decrease in
visual acuity.

Even in patients who receive adequate treatment, perma-
nent significant visual loss may occur. The ETDRS report
number 24 showed that in treated eyes, complications asso-
ciated with proliferative diabetic retinopathy (vitreous or
preretinal hemorrhage and retinal detachment) were more
frequently responsible for this end stage disease than macu-
lar edema [36].

If no treatment is performed in the proliferative stage of
the disease, neovascularization will progress into the anterior
segment of the eye, initially on the iris (rubeosis iris) and
later on the iridocorneal angle. The new vessels can obstruct
the angle or cause close the angle when the fibrovascular
tissue contracts. Angle closure blocks aqueous humor drain-
age. This may substantially increase intra-ocular pressure
(neovascular glaucoma). Neovascular glaucoma carries not
only a dismal visual prognosis and but it may also be associ-
ated with severe ocular pain. The various management op-
tions for treatment of neovascular glaucoma are outside the
scope of this paper. They include palliative ophthalmic
measures to reduce intra-ocular pressure and pain, blockage
of vascular endothelial growth factor (VEGF)-A using anti-
VEGF drugs [37] and, in some cases, enucleation must be
the end line option [38-40].

PATHOGENESIS

As explained above, the main causes of vision loss in
diabetic retinopathy are related to angiogenesis and increased
vascular permeability. Increased vascular permeability is one
of the first stages in both physiological and pathological an-
giogenesis [41], showing a close interaction between the two
pathologic processes. The mechanisms by which diabetes
mellitus induces the vascular retinopathy are complex and
not completely established. They involve the interaction and
balance between angiogenic factors such as VEGF and anti-
angiogenic factors such as pigment epithelium derived
growth factor (PEDF).

The retina is the most metabolically active tissue of the
human body, needing high oxygen concentrations. It is very
sensible to hypoxia, responding to this noxious stimulus by
producing cytokines and growth factors. Physiologically,
retinal capillaries are composed of non-fenestrated endothe-
lial cells with tight-junctions and low permeability. There is
a high proportion of pericytes surrounding endothelial cells.
Pericytes regulate blood flow through the retinal capillaries
due to their contractile structure. These cell types, along with
other retinal cells (Miller cells and astrocytes) form the inner
blood-retinal barrier [11]. Like the blood-brain barrier, this
barrier is fundamental for the maintenance of retinal homeo-
stasis as it prevents the leakage of macromolecules into reti-
nal tissues.

The outer blood-retinal barrier occurs between the tight
junctions of the cells of the retinal pigment epithelium. It is
also fundamental for ocular homeostasis; its disruption is
associated with other angiogenic ocular disease such as wet
age-related macular degeneration. The outer blood-retinal
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barrier has no role in the pathogenesis of diabetic retinopa-
thy.

The major driving factors in the etiology of diabetic reti-
nopathy are related to persistent hyperglycemia and hypoxia.
Many early changes in endothelial vascular cells are hyper-
glycemia-induced, and include hemodynamic alterations,
endothelial dysfunction, inflammation, and changes in the
expression of growth factors. Hyperglicemia-induced
changes are consequence of formation of advanced glycation
end (AGE) products, sorbitol and reactive oxygen species.
AGE products are a reflex of prolonged hyperglycemia and
have been correlated with the onset and severity of diabetic
retinopathy in animal models [42]. AGE result from non-
enzymatic glycation of proteins. Cell damage may occur as a
result of malfunction of a wide variety of intracellular and
extracellular proteins [43]. AGEs have been linked with the
production of reactive oxygen species, vascular leakage and
VEGF production [44].

Aldose reductase is an enzyme that reduces glucose to
sorbitol in hyperglycemic states. Because the oxidation of
sorbitol into fructose is a slower reaction, accumulation of
sorbitol occurs inside the cell. This may lead to osmotic cel-
lular damage [43, 45] and endothelial dysfunction.

Reactive oxygen species have also been associated with
diabetic microvascular abnormalities. Normal mitochondrial
glucose phosphorylation releases reactive oxygen species
that oxidize proteins and cellular membranes. This produc-
tion is increased in hyperglycemic states. Also, auto-
oxidation of glucose can occur creating more free radicals
inducing further cellular and protein damage. This increased
oxidative stress reduces nitric oxide levels [43], promotes
leukostasis and may disturb the inner retinal blood barrier
[11, 46, 47]. Oxidative stress can lead to the production of
VEGF[47]. All these factors contribute to the development
of the retinopathy.

One of the first and most specific retinal changes induced
by hyperglycemia is the death of microvascular contractile
cells (pericytes). Pericyte death occurs through hyperglyce-
mia triggered apoptosis [48]. Normal pericytes contain large
amounts of actin and surround capillary endothelial cells.
They have a contractile function that regulates capillary
blood flow. Other functions such as maintenance of capillary
structure and inhibition of endothelial cell proliferation have
been described [11]. The death of pericytes and the loss of
vascular intercellular contacts may predispose to endothelial
cell proliferation, facilitating the development of microaneu-
rysms, small dilations of the retinal capillaries that can be
seen ophthalmoscopically. They are the initial lesions to be
seen in diabetic retinopathy. Loss of pericytes will eventu-
ally lead to apoptosis of capillary endothelial cells and the
complete loss of cellular elements from the retinal vascula-
ture. This renders the capillary remnants non-functional,
meaning that the areas of retina supplied by these capillaries
are no longer irrigated. This is known as capillary closure.

Another initial change seen in diabetic retinopathy is an
increase in the capillary basement membrane thickness. This
increase in thickness occurs in other ocular basement mem-
branes. It may be associated with the deposition of advanced
glycation end products and to abnormal production of base-
ment membrane material. Its relationship to the diabetic reti-
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nopathy cascade is not totally clear [11, 49]. However, like
the loss of pericytes, increased basement membrane thicken-
ing is thought to contribute to capillary closure [11], increas-
ing ischemic areas. Areas of ischemia often correlate oph-
thalmoscopically with hemorrhage and cotton wool spots.
Fig. (1) summarizes the pathophysiology of diabetic reti-
nopathy.

ROLE OF HUMORAL FACTORS (HIFl-a; VEGF;
PDGF) IN DIABETIC RETINOPATHY PATHOGENE-
SIS

Retinal cells have a high oxygen demand. The hypoxia
resulting from the previously described microvascular altera-
tions is a stimulus for the production of a variety of growth
factors. Hypoxia up-regulates the cellular production of hy-
poxia inducible factor 1-o. (HIF1-ar), a molecule important
for cellular viability in hypoxic states [50]. This factor stimu-
lates the production of VEGF and nitric oxide; both will in-
duce vasodilation, while VEGF will also increase vascular
permeability and promote angiogenesis [11].

VEGF-A is the better studied of a family of molecules
that include VEGF-A, -B, -C, -D, -E and placental growth
factor, being referred throughout the paper as VEGF. This
peptide has several isoforms; isoform VEGF165 is the most
abundant and potent of all. VEGF is both a powerful angio-
genic and a powerful permeability factor. In angiogenesis it
acts as a proliferation, migration and survival factor for en-
dothelial cells [51]. As a permeability factor, it is 50000
times more potent than histamine in inducing cutaneous mi-
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crovascular permeability increase [52]. VEGF binds to endo-
thelial cell receptors with tyrosine kinase activity [53, 54].
Three types of membrane bound VEGF receptors have been
described: VEGFR 1, VEGFR 2 and VEGFR 3 with differ-
ent functions and place of action. VEGFR 1 is expressed
constitutively on retinal microvessels with both angiogenic
and anti-angiogenic properties [53]. VEGFR 3 mediates an-
giogenic effects of lymphatic vessels [53].

The primary mediator of the angiogenic, proliferative and
vasogenic effects of VEGF is the receptor VEGFR2. Its reti-
nal expression is induced by the presence of VEGF and it is
increased in the microvessels of retinas with diabetic reti-
nopathy [55], being this change in the type of VEGFR ex-
pression found in the late stages of the disease in areas with
established microvascular leakage [56]. Finally another type
of VEGF receptor has been described, a non-membrane
bound VEGFR 1 (sFlt-1). It acts as scavenger for soluble
VEGF, blocking its activity. It is present in the cornea and is
an important factor in preventing corneal angiogenesis [57].

VEGF is produced by several retinal cells including, reti-
nal pigment epithelial cells, Miller cells, endothelial cells
and pericytes [58] in response to stimuli such as hypoxia and
advanced glycation end products. It can be detected in the
retina of diabetic patients even before the development of
neovascularization [59]. However, due to its potent angio-
genic and vasogenic characteristics, its expression is greater
in cases of retinal and choroidal neovascularization and in
patients with “severe” diabetic macular edema [57, 60, 61].
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Fig. (1). Pathogenesis of diabetic retinopathy. Schematic overview of the effects of chronic hyperglycemia and its implications in cellular
damage. AGE: Advanced Glycation End Products. ROS: Reactive Oxygen Species. BRB: Blood Retinal Barrier.
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Even though other factors such as protein kinase C and
erythropoietin have been linked to the pathogenesis of dia-
betic retinopathy, VEGF plays a central role [62, 63].

VEGF reduces the expression of occludin, an important
protein for the preservation of the endothelial tight junctions
[11] and consequently for the preservation of the blood reti-
nal barrier. VEGF has also been shown to cause the break-
down of the blood retinal barrier and promote vascular leak-
age [64]. On the other hand, inhibition of VEGF production
reduces capillary vascular leakage [65].

The administration of VEGF165 into the vitreous of
healthy non-human primates resulted in the formation of
several of the manifestations of diabetic retinopathy includ-
ing microaneurysms, hemorrhage, capillary closure, vascular
leakage and retinal neovascularization; inhibition of this in-
jected VEGF prevented the formation of these complications
[66-69]. VEGF is elevated in the intra-ocular fluids of pa-
tients with diabetic retinopathy; these levels declined after
successful laser therapy [54, 70].

It seems that VEGF alone can reproduce most of the
manifestations of diabetic retinopathy and high levels of
VEGF are present in eyes with diabetic retinopathy. Prevent-
ing VEGF formation or inhibiting the one that is present is
therefore a corner stone for effective treatment. This rational
has lead to the development of new therapies to better con-
trol the pathologic VEGF levels that are observed in this
disease.

In physiologic conditions, retinal Muller cells produce
PEDF. It is present in the normal vitreous cavity and may
play an important part in preventing ocular neovasculariza-
tion in physiologic conditions [71]. PEDF is a potent inhibi-
tor of angiogenesis that has been shown to reduce VEGF and
erythropoietin induced endothelial cell proliferation [72].
PEDF antagonizes VEGF action [73] in mice retinal neovas-
cularization models. However, in hypoxic states, the produc-
tion of PEDF is reduced; therefore VEGF action is not inhib-
ited by this growth factor.

In a study by Patel et al. human eyes with diabetic reti-
nopathy were found to have increased vitreous concentra-
tions of VEGF and lower concentrations of PEDF and sFlt-1
when compared with patients with macular holes (a non-
angiogenic macular disease) [70]. This confirms the balance
of this disease towards pathologic angiogenesis. The role of
HIF-1, VEGF and PEDF in diabetic retinopathy is illustrated
in Fig. (2).

ROLE OF INFLAMMATION IN DIABETIC RETI-
NOPATHY PATHOPHYSIOLOGY

Inflammation has also been linked to the pathogenesis of
diabetic retinopathy. Many of the features of diabetic reti-
nopathy are closely linked to inflammatory processes such as
tissue edema, increased blood flow and the migration of in-
flammatory cells. Hypoxia is known to cause up-regulation
of various inflammatory mediators [74]. VEGF is also an
inflammatory mediator that increases vascular permeability
and induces the expression of intracellular cellular adhesion
molecule-1 (ICAM-1) and vascular cell adhesion molecule-1
(VCAM-1) [75]. Both molecules are responsible for the
chemoatrraction of leukocytes into the vascular walls and
their migration into tissues [76]. Leukocytes promote disrup-
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tion of inner retinal barrier as well as angiogenesis [74]; they
also contribute to the permeability and angiogenic cascade
by producing VEGF.

In patients with diabetic retinopathy, increased number of
neutrophils have been observed in capillary walls [77].
These phenomena result in injury to endothelial cells and
increased vascular permeability [78], with consequent
edema.

| Hypoxia ‘

Fig. (2). Central role of hypoxia and VEGF in the pathogenesis of
diabetic retinopathy. The crosses represent points in the pathologic
cascade where available pharmacologic therapy acts. 1: anti-VEGF
drugs; 2: corticosteroids; 3: PKC-f inhibitors. See Table 1. VEGF:
Vascular endothelial growth factor. PEDF: Pigment epithelium
derived growth factor. HIF-1o:: Hypoxia inducible factor-1o; PKC-
B: protein kinase C-f.

Monocytes also appear to be important cells in prolifera-
tive diabetic retinopathy as they have been identified in
neovascular tufts. Their inhibition results in decrease of the
pathological neovascular activity [74]. Inhibiting the in-
flammatory pathway and the migration of leukocytes is an-
other appealing treatment option for diabetic retinopathy.

Protein Kinase C

In vascular cells, hyperglycemia induces also the synthe-
sis of diacylglycerol (DAG) from membrane inositides. This
promotes the activation of protein kinase C (PKC). The PKC
family is a family of enzymes with several isoforms [79].
PKC-B may play an important role as it has been shown to
reduce VEGF induced hyperpermeability [80]. Hyperglyce-
mia therefore induces PKC activity in endothelial cells in-
volving this mechanism in the pathologic effects [81]. Vas-
cular effects include increased permeability and cellular pro-
liferation. PKC actions are mediated by various growth fac-
tors [81]. PKC is activated by VEGF and it may mediate the
potent vascular actions of the latter; the PKC intra-ocular
level rise after VEGF injection. On the other hand, PKC also
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Table 1. Summary of the Pharmacologic Therapies Available for the Treatment of Diabetic Retinopathy; The Place of Action of
Each Drug in the Pathogenesis Cascade is Illustrated in Fig. (2)
Drug Group | Available Drugs Mechanism of Administration Advantages Disadvantages
Action (Fig. 2)
Anti-VEGF Pegaptanib, Ra- Neutralization of Intravitreous Rapid regression of Intra-ocular administration has risk of

nibizumab,
Bevacizumab

intra-ocular VEGF
molecules (1)

neovascular vessels; endophthalmitis. No action on the
production of VEGF and retreatments
are frequent; no action on the patho-
genesis of the disease; may precipitate
tractional retinal detachment or retinal

tears

Rapid decrease in macular
edema; stops intra-ocular
bleeding by “shutting
down” immature vessels

Corticoster- Triamcinolone Potent inhibition of

Intravitreous

Reduces vascular leakage Intra-ocular administration has risk of

cellular PKC B (3)

oids Fluocinolone inflammation and and macular edema. endophthalmitis.
vascular leakage (2) Triamcinolone’s action Has no action on the pathogenesis of
can last up to six months. the disease, patients frequently need
Fluocinolone is being retreatments. High risk of cataract,
studied in sustained re- ocular hypertension and glaucoma.
lease formulations; it is a
less potent steroid, may
have lower side effects.
Anti-PKC B Ruboxistaurin Inhibition of intra- Oral Slows the progression of No action on advanced stages of the

disease such as macular edema or
retinal neovascularization

diabetic retinopathy

induces VEGF expression [82]; finally, the PKC inhibitors
have been shown to inhibit VEGF effect [80].

ERYTHROPOIETIN

Erythropoietin is a glycoprotein with proliferative, migra-
tory and angiogenic actions initially identified in the kidney
[83]. Its expression, like VEGF expression, is ischemia in-
duced. Its levels are increased in the vitreous of patients with
proliferative diabetic retinopathy and diabetic macular
edema [84]. However, its actions on angiogenic vascular
proliferation seem to be independent of VEGF activity [83,
85]. The role of erythropoietin in diabetic retinopathy has
raised other important issues. Patients with diabetic retinopa-
thy frequently have nephropathy and chronic renal failure,
and synthetic erythropoietin has been used to treat anemia in
end stage renal disease. However, the effects that synthetic
erythropoietin can have on the progression of diabetic reti-
nopathy has not been completely established. Some authors
defend that administration of erythropoietin increases the
risk of proliferative retinopathy [86, 87]. Even so, in a mouse
model of retinopathy, a protective effect of erythropoietin
has been described [88]. This widens the options for devel-
oping future therapies.

SYSTEMIC FACTORS

Diabetes mellitus is a systemic disease affecting many
end organs. Not surprisingly, several systemic factors have
been found to have an important association with the devel-
opment and progression of the retinal disease. The levels of
metabolic control (level of hyperglycemia, total time of dia-
betes mellitus), arterial hypertension and dyslipidemia have
been shown to worsen diabetic retinopathy.

METABOLIC CONTROL

The duration of diabetes mellitus is one of the major fac-
tors for the development of retinopathy. In type 1 diabetes,
the disease does not appear until 3-5 years after diagnosis.
The probability of developing disease is proportional to its
duration. However, several studies have demonstrated that a
tight glycemic control is also important for preventing and
delaying the progression of diabetic retinopathy [6]. There is
a direct relationship between glycated hemoglobin levels
(HbA1C), a marker of the average glycemic level of a patient
during the last month, and the incidence of the retinal dis-
ease. This was demonstrated in the Diabetes Control and
Complication Trial (DCCT) [6] that compared diabetic reti-
nopathy in two type 1 diabetes groups. The first group was
subjected to intensive therapy to control blood glucose lev-
els; while the second was treated by conventional therapy.
Tight control of blood glucose showed a decrease in devel-
opment and progression of diabetic retinopathy after six
years. Importantly, it also showed beneficial results in dia-
betic nephropathy and neuropathy.

The protective effect on retinopathy also showed long
term differences. Some of the patients of both groups of the
DCCT cohort were later placed on intensive therapy. After
10 years of Hb1Ac at similar levels in both groups, patients
with previous intensive therapy had significant lower reti-
nopathy progression and a lower proportion of proliferative
retinopathy cases [89].

In the UK Prospective Diabetes Study (UKPDS)[7], type
2 diabetes patients were either randomized to conventional
therapy or intensive control. Over 10 years of follow up, it
was demonstrated that patients on the intensive therapy arm
fared better not only in terms of ocular manifestations but in
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many other important complications of diabetes such as sud-
den death, myocardial infarction, heart failure, stroke and
nephropathy. These observations highlight the overall impor-
tance of a good metabolic control. It is important for the pre-
vention and delaying of ocular disease and fundamental for
the diabetic patient as an individual.

Interestingly, both the UKPDS and the DCCT showed
that a sudden improvement in glucose levels might provoke
an unexplained transient increase in background diabetic
retinopathy. However, these changes are reversible with time
and should not deter the medical team from seeking an ade-
quate glycemic control [90].

ARTERIAL HYPERTENSION

Avrterial hypertension has been shown to be an independ-
ent risk factor for the development and progression of dia-
betic retinopathy. Increased arterial blood pressure may
cause further endothelial damage on an already diseased vas-
cular bed, and may increase the levels of VEGF and promote
the permeability and angiogenic cascades.

Hypertension control in patients with type 2 diabetes has
been shown to help prevent retinopathy and other microvas-
cular complications [91]. Patients with tight blood pressure
control have a significant lower reduction in risk of retinal
photocoagulation and vision loss when compared to conven-
tional blood pressure control patients [92]. There was also a
decrease in other evaluated endpoints such as risk of neph-
ropathy, stroke, myocardial infarction and death. For ocular
and systemic reasons, it is mandatory for patients to have
both a good metabolic control and blood pressure within
normal limits. Lowering blood pressure in normotensive
diabetic patients has also been linked to decreased progres-
sion of diabetic retinopathy [93].

DYSLIPIDEMIA

The true clinical importance of dyslipidemia in diabetic
retinopathy has not been, until now, completely established.
However, abnormal serum lipids have been linked to the
development of hard exudates in diabetic retinopathy [94]. It
was also demonstrated that in patients with type 1 diabetes,
the severity of the retinopathy was positively correlated with
high triglyceride levels [95]. The use of fenofibrate in pa-
tients with diabetic retinopathy slows the progression of a
prior retinopathy, when compared to placebo [96]. However
the plasma lipid levels did not influence these results. So,
this protective effect seems to be independent of the lipid
plasma profile.

TREATMENT

The better understanding of the pathogenesis of diabetic
retinopathy has led to the new treatment options for this dis-
ease. However, it cannot be over stressed that primary pre-
vention of diabetic retinopathy and early diagnosis are fun-
damental keys for controlling the disease. They are the cor-
nerstone of management.

Not all stages of diabetic retinopathy require prompt
medical action. For the earlier stages of non-proliferative
diabetic retinopathy no treatment is warranted. These pa-
tients should be periodically monitored. If there is no pro-
gression of the disease, then there is no need for local treat-
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ment. The main goal to achieve in this population is meta-
bolic and arterial blood pressure control.

Specific treatment options for diabetic retinopathy in-
clude retinal laser therapy (photocoagulation), intravitreal
anti-VEGF therapy, intravitreal corticosteroids and oral pro-
tein kinase C inhibitors administration. Other pharma-
cotherapies such as anti-platelet agents have not shown bene-
fits in clinical trials [5, 97].

LASER THERAPY

Laser therapy of diabetic retinopathy consists of placing
small laser burns on the retina causing photocoagulation and
death of retinal tissue. Usually they target diseased retinal
tissue that produces the growth factors responsible for dia-
betic retinopathy. Even though it is a 30 year-old destructive
approach, it is still the mainstay of treatment for the disease.
Two different modalities exist: pan retinal photocoagulation
(PRP) for proliferative retinopathy and focal/grid laser ther-
apy for macula edema.

PRP consists of laser burns on the mid periphery of the
retina in 360°. The central macular area is spared to preserve
visual acuity. The laser burns can be made throughout sev-
eral sessions. The size of the laser spots may vary from 50-
500um. It is an outpatient procedure that is usually per-
formed at a slit-lamp. Theoretically, the laser burns destroy
peripheral ischemic retina and improve perfusion of the re-
maining tissues, reducing ischemia. Consequently, a de-
crease of growth factor (including VEGF) production occurs
with consequent loss of vasogenic and vasoproliferative
stimuli. A decrease in ocular VEGF levels has been de-
scribed after PRP.

In the Diabetic Retinopathy Study, there was a 50% de-
crease in severe visual loss in patients with proliferative dia-
betic retinopathy that were treated with PRP. It showed the
efficacy of this treatment modality even in advanced stages
of the disease [24]. With PRP, regression of the neovascular
tufts can occur. This diminishes the risk for vitreous hemor-
rhage and tractional retinal detachments. However, even
treated, many patients can progress to severe visual loss.

Currently, PRP is recommended for proliferative diabetic
retinopathy and for selected cases of severe non-proliferative
diabetic retinopathy [98]. The ETDRS trial does not recom-
mend PRP in eyes with mild or moderate nonproliferative
diabetic retinopathy [5]. Stress should be placed on meta-
bolic and arterial blood pressure control and frequent oph-
thalmologic follow-up should occur so laser treatment can be
started promptly if disease progresses.

Laser therapy can also be used for the treatment of dia-
betic macular edema. Focal laser spots are delivered to areas
of increased vascular permeability in the retina; these areas
may be localized foci of leaking microaneurysms. The other
treatment modality is performed when the macular edema is
diffuse. A laser grid is done on the macula. Care should be
taken to avoid the fovea (center of the macular area), the
point where visual acuity is highest. A laser burn in the fovea
may cause an irreversible central scotoma. The effectiveness
of laser therapy for macular edema has been demonstrated in
the ETDRS trial. The rationale for treatment is similar to the
rational for proliferative diabetic retinopathy: destruction of
diseased retinal tissue to allow better perfusion of healthier
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areas and diminish the production of noxious growth factors.
The ETDRS trial showed that for eyes with macular edema,
focal photocoagulation is effective in reducing the risk of
moderate visual loss [5].

Laser therapy is not innocuous. PRP destroys areas of the
retina and causes visual field constriction, night blindness
and color vision loss. Also, PRP performed when macular
edema is present can worsen the edema; in these cases focal
laser therapy should be performed before or with PRP [9,
99]. The possibility of inadvertently photocoagulating the
fovea also exists.

In the EDTRS studies, significant vision loss only oc-
curred in 5% of patients [100]. However, there are several
limitations to laser therapy. Even though it prevents severe
visual loss in the vast majority of patients, in a large number
of patients, it fails to recover visual acuity to normal levels.
It is also a destructive procedure with several side effects
that interfere with the patients’ vision and quality of life.
Also, it fails to prevent vision loss in some patients. When-
ever a dense vitreous hemorrhage is present, it is impossible
to deliver laser treatment to the retina.

At this moment laser therapy is still the benchmark for
treatment of diabetic retinopathy. Recently, combining laser
treatment with intravitreal anti-VEGF therapy (bevacizumab)
has become more frequent [15, 101]. However, the destruc-
tive approach is not satisfactory and the above-mentioned
issues must be overcome. This has led to the development of
adjunctive therapeutic strategies to maintain visual function
at the best possible levels.

ANTI-VEGF THERAPY

Due to its cornerstone place in the pathogenesis of dia-
betic retinopathy, the possibility of using anti-VEGF therapy
for this disease is a logical approach. As has been previously
described, VEGF has important roles in the origin of both
macular edema and proliferative retinopathy. Inhibiting the
molecule is potentially useful in both sight-threatening con-
ditions of the disease [17]. Intra-ocular VEGF therapy in
clinical practice is limited to three different drugs: pegap-
tanib, ranibizumab and bevacizumab. Currently none of the
available anti-VEGF molecules have been approved for the
treatment of any stage of diabetic retinopathy.

Pegaptanib is pegylated aptamer with selective anti-
VEGF-165 activity. Its selectivity distinguishes it from the
other anti-VEGF molecules available; ranibizumab and
bevacizumab inhibit all VEGF isoforms. It has been ap-
proved for intra-ocular treatment in wet age-related macular
degeneration; its results were reported in the VISION trials
[102]. It has been used off-label for diabetic retinopathy for
both macular edema and proliferative disease. Results have
been reported in short series and clinical trials [103, 104]. It
has shown effectiveness in regression of neovascularization
and significant decreases of macular edema. However, these
results are relatively short lived and require multiple injec-
tions for maintenance of treatment.

Ranibizumab is composed of the Fab fragment of an an-
tibody with enhanced VEGF affinity. It inhibits all VEGF
isoforms. Like pegaptanib it has been approved for intra-
ocular use for the treatment of wet age-related macular de-
generation. It revolutionized management of wet age-related
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macular degeneration, as it was the first therapy to demon-
strate mean increase in visual acuity in patients with this
disease in randomized clinical trials [105, 106]. It has also
been shown very effective in the regression of retinal
neovascular disease as well in diabetic macular edema. Like
pegaptanib, its effect is also short, requiring multiple injec-
tions to maintain its effect [18, 107, 108].

Unlike the other two molecules, bevacizumab is not ap-
proved for intra-ocular use in any condition. It is whole anti-
body against all VEGF isoforms that was developed for the
treatment of metastasized colorectal carcinoma. Its use in
oncology has grown to other carcinomas. It has been used
intra-ocularly for wet age related macular degeneration with
promising results [109, 110]. In ophthalmology, the use of
bevacizumab has grown due to its significant lower price
when compared with the previous molecules. Its use in dia-
betic retinopathy has also grown with promising results in
proliferation and macular edema [111-113] and in the clear-
ing of vitreous hemorrhages [114]. It has shown effective-
ness in neovascular glaucoma secondary to ischemic retinal
diseases including diabetic retinopathy [37].

In comparison with laser therapy, anti-VEGF therapy
acts more rapidly in reducing macular edema and in causing
the regression of neovascular vessels [112, 114]. Even
though anti-VEGF therapy targets the major molecule in
diabetic retinopathy pathogenesis, the results with this ther-
apy are not completely satisfying when used alone. Anti-
VEGF therapy targets existing VEGF and decreases vascular
permeability improving diabetic macular edema. In a 24
month long study, intravitreal bevacizumab without laser
showed significant decrease of maculae edema and im-
provement in mean visual and a mean of 5.8 injections per
patient [13].

Anti-VEGF therapy also inhibits proliferation, migration
and promotes apoptosis of endothelial cells [115, 116] and
causes rapid regression of retinal neovascular tufts [112,
114]. However, it has no action on hypoxia and on the stim-
uli that are leading to VEGF production. Also, they have no
effect in reversing the effects of hyperglycemia or promoting
a better oxygenation of retinal tissues. As noxious stimuli
remain present, new VEGF will be continuously produced
restarting the pathogenic cascade and demanding a new in-
jection. Anti-VEGF therapy is usually repeated in time inter-
vals from 4 to 6 weeks. Sustained release formulations at this
point are not available for these drugs. At this point, it ap-
pears that anti-VEGF therapy “buys time” for the patient
with diabetic retinopathy by regressing and holding back
disease progression until definitive (laser or surgery) treat-
ment can be obtained. This is especially important in situa-
tions of vitreous hemorrhage. Even though some authors use
intravitreal bevacizumab as the first line agent in selected
cases of diabetic retinopathy[113] including diabetic macular
edema [13], it is still early to recommend at the moment,
anti-VEGF therapy without laser therapy outside clinical
trial settings.

Another limitation of intra-ocular anti-VEGF therapy in
diabetic patients could be related to systemic side effects
[57]. VEGF in the myocardium improves perfusion, collat-
eral circulation and reduces ischemic accidents. Systemic
anti-VEGF therapy in cancer patients increased stroke. These
facts raise the hypothesis that systemic absorption of intra-
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ocular anti-VEGF may further increase the already high risk
of macrovascular complications of diabetes (stroke, and
myocardial infarction). Studies have not shown a significant
increase in these events, however only further longitudinal
studies can definitely settle this issue [117].

CORTICOSTEROIDS

Inflammation is an important feature of diabetic retinopa-
thy that has been therapeutically investigated. Corticoster-
oids induce liportin synthesis that inhibits phospholipase A2,
preventing the release of arachidonic acid from phospholip-
ids [118]. They act very upstream in the inflammatory cas-
cade and are potent anti-inflammatory drugs. Corticosteroids
have been shown to reduce vascular permeability, reduce the
breakdown of the blood retinal barrier, inhibit leukocyte ad-
hesion to vascular walls and inhibit VEGF gene transcription
and translation [9, 10]. They address various factors in the
pathogenesis of diabetic retinopathy, especially complica-
tions related to increased vascular permeability. Several dif-
ferent steroids have been used to treat diabetic macular
edema: triamcinolone, fluocinolone and dexamethasone.
Their rapid action in decreasing macular edema was a prom-
ising feature. Like with intravitreal anti-VEGF therapy, the
action of corticosteroids is short lived. Frequently, new in-
jections are needed when the anti-edematous effects wanes.
This happens at different time intervals depending on the
half-life of the steroid used.

Systemic corticosteroids have been associated with ocu-
lar complications such as cataract formation, increased intra-
ocular pressure and glaucoma. These side effects also occur
with intra-ocular formulations and may be a limit to these
procedures.

Triamcinolone is a synthetic corticosteroid used through
an intra-ocular injection in different etiologies of macular
edema (diabetic, venous occlusive disease, uveitis) [119]. In
diabetic macular edema, when compared to macular laser
therapy triamcinolone has a faster onset of action. Due to its
depot formulation, one single injection can exert is anti-
inflammatory effect for up to six months. However, for dia-
betic macular edema, in a randomized clinical trial focal la-
ser therapy was, in the long-term, superior to the triamci-
nolone injection. Laser therapy also had a significant lower
number of adverse effects such as cataract and ocular hyper-
tension [10, 14]. These results re-enforced laser therapy as
the mainstay of treatment for diabetic macular edema. How-
ever, in some patients with LASER refractory edema, ad-
junctive therapy with triamcinolone can be an alternative
[120].

The need for re-injections has led to the development of
sustained release formulations of corticosteroids that can be
placed in the vitreous cavity. These slow release formula-
tions avoid the need for repeated injections; theoretically
they release smaller amounts of corticosteroids and may
cause less secondary effects. There are no sustained-release
delivery systems of triamcinolone. Other corticosteroids
have been incorporated into these devices. They include dex-
amethasone and fluocinolone. Dexamethasone implants last
from seven to 35 days and are not an optimal solution for
diabetic macular edema. Fluocinolone implants can last up to
three years, a more appealing time period for treating this
chronic condition. One of these implants (Medidur®) is be-
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ing evaluated for efficacy and safety in diabetic macular
edema [118].

Protein Kinase C inhibitors

Hyperglycemia activates several isoforms of protein
kinase C (PKC). PKCPB mediates several ocular complica-
tions of diabetes. It is activated by VEGF [121] and is a po-
tential target for therapy of diabetic retinopathy.

An oral PKC inhibitor, ruboxistaurin, has been tested in
clinical trials. In one study, patients with diabetic retinopathy
were randomized either for oral ruboxistaurin or placebo.
The patients treated with ruboxistaurin had a 40% lower risk
of having sustained moderate visual loss, a lower rate of
progression of macular disease and a lower need of laser
therapy [121]. During a follow up of 36 months, ruboxis-
taurin slowed the decline in visual acuity associated with
diabetic retinopathy, in patients with moderately to very se-
vere non-proliferative diabetic retinopathy [16]. So, PKCP
inhibitors may be important in slowing down the progression
of diabetic retinopathy, however they provide no benefit for
patients with established visual loss such as severe macular
edema, proliferative diabetic retinopathy and vitreous hemor-
rhage.

Pharmacologic options for diabetic retinopathy are sum-
marized in Table 1.

Vitreo-retinal Surgery

In very severe cases of proliferative diabetic retinopathy
with tractional retinal detachment or non-resolving vitreous
hemorrhage, pars plana vitrectomy may become the only
effective treatment option. The vitreous provides a scaffold
for the growth of fibrovascular proliferations from the retina.
The majority of these neovascular membranes adhere to the
posterior vitreous cortex. When the fibrovascular component
contracts or when traction is exerted by the posterior hyaloid,
vitreous hemorrhage or tractional retinal detachments can
occur.

Vitrectomy allows the removal of the vitreous and the
reduction of tractional forces. One of the goals of vitreous
surgery in diabetic retinopathy is the removal of as much
vitreous as possible including the posterior hyaloid, the
bridge for the fibrovascular growth. It is also possible to use
delamination and segmentation techniques to remove fi-
brovascular membranes that lie on the internal limiting
membrane and cause retinal distortion [8, 100, 122, 123].
The removal of these tractional elements may improve the
retinal architecture and provide benefits for vision.

Since PRP is the mainstay of treatment for proliferative
diabetic retinopathy, vitrectomy is an optimal chance for
further laser treatment. Endolaser probes have been devel-
oped and laser can be directly applied to the retina during
surgery. This allows laser treatment immediately after the
clearance of the vitreous hemorrhage.

The availability of the anti-VEGF therapy has changed
the approach in many surgical patients with proliferative
disease. Its use pre-operatively causes a rapid involution of
neovascular tufts and the decrease in intra-operative bleed-
ing; this effect can be seen a few days after treatment. It may
also reduce the adherence of the fibrovascular complex to the
retina and allow an easier delamination of the pathologic
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membranes. Its use at the end of surgery may reduce the risk
of post-operative hemorrhage. The use of bevacizumab has
therefore been advocated for many surgical cases [12, 124].
However, the rapid involution of fibrovascular membranes
caused by anti-VEGF therapy can cause a rapid increase in
vitreous traction precipitating tractional and regmatogenous
retinal detachments. This approach should be used with care
[12].

Triple therapy (vitrectomy, endolaser and anti-VEGF) is
also a valid option.

Vitrectomy with internal limiting membrane peeling for
diabetic macular edema has also been studied, however, the
improvement in anatomical results did not match improve-
ment in visual acuity. There is no proven benefit for surgery
over medical therapies for this condition [125]. Even though
surgery can be a sight saving therapy, the visual potential
depends on the preoperative and postoperative status of the
macula, as well as on retinal perfusion and the health of the
optic nerve. Vitrectomy surgery may have intraoperative and
postoperative complications, including cataract, anterior
hyaloidal fibrovascular proliferation, fibrovascular ingrowth,
retinal detachment, and recurrent vitreous hemorrhage.

CONCLUSION

Diabetic retinopathy is a complication of diabetes that
will eventually affect all type 1 diabetes patients and 80% of
type 2 patients. The most important thing in any medical
condition is prevention. Primary prevention of type 2 diabe-
tes (the majority of the patients) is fundamental for halting
all the complications of diabetes. Once the disease is estab-
lished, it is known that the time since diagnosis is a major
factor for developing retinal disease. However, it has been
proven that a good metabolic control confirmed by low lev-
els of Hb1AC, delays the initial manifestations and progres-
sion of the disease. Also, the tight control of blood pressure
is a very important factor in slowing the progression.

Screening for diabetic retinopathy is important for reduc-
ing blindness associated with the disease. The early and
moderate stages are asymptomatic, meaning that patients
require monitoring so that treatment can be performed timely
and prevent visual loss. Diagnosis at late stages may render
treatment attempts ineffective with consequent blindness.

VEGF plays a very important role in diabetic retinopathy.
The disease demonstrates both fundamental functions of
VEGF, increased permeability and vascular proliferation.
Pathologic angiogenesis in proliferative diabetic retinopathy
is the major cause of irreversible vision loss in the disease.
The better understanding of angiogenesis and angiogenic
stimuli has led to new therapies that are starting to comple-
ment standard laser care. Halting vascular proliferation will
be a major advance in controlling the disease and its sight
threatening complications. However, not even biological
modulation through antibodies has resolved the intricate
pathogenesis of the disease. As the prevalence of diabetes
mellitus increases worldwide, diabetic retinopathy remains a
challenge.
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