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Diabetic retinopathy (DR) is the main cause of blindness in industrialised

countries in patients aged between 20 and 64 years, and is the cause of

10% of new blindness cases every year.1 Tight control of systemic factors,

photocoagulation and vitrectomy are the main strategies against the DR;

however, recently several new treatments have been developed. 

Control of Systemic Factors

Glycaemic Control

The most effective medical treatment to slow the progression of DR is

glycaemic control. The Diabetic Control and Complications Trial (DCCT)

was designed to compare the effects of conventional with intensive

diabetes therapy in the development and progression of early microvascular

complications. This study demonstrated that intensive therapy reduced the

adjusted mean risk of retinopathy by 76 and 54% in insulin-dependent

diabetes mellitus (IDDM) patients with no DR and with very mild to

moderate non-proliferative DR, respectively. Mean glycosylated

haemoglobin (HbA1c) was the dominant predictor of DR progression. The

recommendation that arose from this trial was to maintain glycaemic status

as close to the normal range as possible, as well as early implementation

and long-term maintenance of intensive therapy in IDDM patients.2 In

patients with type 2 diabetes, intensive treatment is also recommended

with significantly lower levels of HbA1c and microvascular end-points.3

Blood Pressure Control

Management of blood pressure should have a high priority in the

treatment of type 2 diabetes. Tight blood pressure control has been

proved to lead to a 37% reduction in the risk of microvascular disease.4

Serum Lipid Control

The Wisconsin Epidemiologic Study of Diabetic Retinopathy (WESDR) and

the Early Treatment Diabetic Retinopathy Study (ETDRS) showed evidence

that elevated serum lipids increase the severity of DR and retinal hard

exudates.5,6 Hydroxymethilglutaryl coenzyme A (HMG CoA) inhibitors

could be useful in the management of DR and diabetic macular oedema

(DMO) in patients with dyslipidaemia, but further studies are necessary to

demonstrate the effects of statins. 

Laser Photocoagulation

Timely photocoagulation with Argon laser remains the principal therapy

for sight-threatening DR. Laser techniques can be classified as pan-retinal,

focal or grid photocoagulation. The Diabetic Retinopathy Study (DRS) and

the ETDRS are the two major trials providing strong support for the

therapeutic benefit of photocoagulation. In the first trial, scatter pan-

retinal photocoagulation (PRP) demonstrated a reduction of the risk of

severe loss of vision (<5/200) after two years in patients with high-risk PDR

(eyes with new vessels and pre-retinal or vitreous haemorrhage; eyes with

new vessels on or within one disc diameter of the optic disc equalling or

exceeding one-quarter to one-third disc area in extent, even in the

absence of pre-retinal or vitreous haemorrhage).7 In eyes with severe non-

proliferative DR or non-high-risk proliferative DR, the treatment is

recommended under certain circumstances (i.e. rapid advance of retinal

disease, history of poor patient follow-up). The ETDRS showed that early

PRP reduces the risk of progression of retinopathy, the risk of vitrectomy

and the risk of severe visual loss.8 The ETDRS also demonstrated that PRP

is not recommended for eyes with mild or moderate non-proliferative

disease. The adverse effects of PRP are moderate visual loss and visual field

loss, which may be evident in the months immediately after

photocoagulation. In eyes with clinical significant macular oedema

(CSMO) as defined by the ETDRS, the recommended treatment is focal

laser photocoagulation. This modality has demonstrated the reduction of

the risk of moderate decrease of visual acuity (VA) by 50% in a period of

three years. However, the definition of CSMO does not distinguish

between focal or diffuse diabetic macula oedema. In eyes with diffuse

oedema a grid laser photocoagulation can be performed in the macular

area avoiding the fovea.

Pars Plana Vitrectomy

Complications of severe proliferative DR-like tractional retinal detachment,

combined tractional/rhegmatogenous detachment, severe vitreous

haemorrhage and recurrent vitreous haemorrhage requires treatment with

pars plana vitrectomy (PPV). In patients with proliferative DR and severe

vitreous haemorrhage, PPV is indicated. Early PPV (within six months) has

demonstrated to be of benefit in preserving VA in those patients with VA

≥20/400 in the presence of severe proliferative DR (neovacularisation,

fibrous proliferation) or severe vitreous haemorrhage in IDDM patients,

especially if diabetes duration is less than 20 years, but not in type II

diabetic patients.9 The latter must be interpreted in the context of new

instruments and surgical techniques developed in the last few years, such

as bi-manual surgery with delamination/segmentation, new light sources,

perfluorocarbon liquid and 25G 23G vitrectomy. PPV also allows the

completion of PRP intra-operatively after the removal of the vitreous

haemorrhage and clearing of the media. Diabetic macula oedema in the

presence of vitreomacular traction signs is another indication of PPV.10 PPV

is also necessary for the treatment of complications secondary to an initial

PPV, such as recurrent intraocular bleeding, anterior fibrovascular

proliferation or retinal detachment.

Pharmacological vitreolisis with autologous plasmin and human

recombinant microplasmin have been studied in different experimental

models. These agents may be a useful adjunct to conventional vitreous

surgery for DMO by inducing posterior vitreous detachment. A clinical trial

to evaluate the efficacy and safety of microplasmin in patients in whom

vitrectomy is indicated is ongoing.
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Potential Pharmacological Therapies

Corticosteroids

Corticosteroids are known to reduce vascular permeability, reduce

blood–retinal barrier breakdown, downregulate vascular endothelial

growth factor (VEGF) production and inhibit certain matrix

metalloproteinases. Recently, intravitreal triamcinolone acetonide (IVTA)

injection has been widely used as an off-label therapy for DMO. In a

prospective, randomised, controlled clinical trial, Gillies et al. observed that

those eyes treated with repeated IVTA presented better VA and less

macular oedema compared with those that received placebo after two

years of follow-up.11 In patients with refractory diffuse macular oedema,

IVTA has been shown to achieve a short-term decrease in macular thickness

measured with OCT.12 Injection of IVTA has also been used as an adjuvant

for macular grid laser, observing a maintained VA improvement for six

months.13 The role of IVTA as an adjuvant treatment to PRP has also been

evaluated with promising results, reducing neovascularisation and macular

thickness in 35 patients.14 Like other glucocorticoids, IVTA is related to

some secondary effects such as a rise in intraocular pressure, development

of cataracts and endophthalmitis. The main drawback of IVTA is the

temporary effect of the steroid, the need for repeated injections with doses

between 2 and 25mg and the risk associated with each procedure.

Recently, new corticosteroid treatments have been developed as intravitreal

systems capable of delivering a small but constant dose of the drug. A

fluocinolone acetonide implant (Retisert, Bausch & Lomb, Rochester) has

been approved for clinical use in patients with uveitis. Recently, an update

of the multicentre, randomised clinical trial for the treatment of DMO

revealed significantly less macular oedema and better VA than standard

care after three years of implantation.15 

Vascular Endothelial Growth Factor Inhibitors

VEGF is produced by the pigment epithelial cells, pericytes and endothelial

cells of the retina in response to hypoxia from capillary loss and/or

microaneurysm formation, and is a key mediator of angiogenesis and

blood–retina barrier breakdown in the ischaemic retina.16 Clinical studies

have revealed that intravitreal VEGF concentration increased in subjects as

they progressed from non-proliferative DR to active PDR.17,18 Similarly,

successful PRP reduced intraocular VEGF levels by 75% in patients treated

for ocular neovascularisation.19 This suggests that specific inhibition of

VEGF activity may prevent retinal neovascularisation and associated blood

flow abnormalities. The follow-up of the studies is still short to make any

specific treatment recommendations; however, the results appear

promising, as we will comment below. In human clinical trials, the

intravitreally administered aptamer VEGF inhibitor pegaptanib sodium

(Macugen, Eyetech Pharmaceuticals, Inc., New York) has shown its benefit

in a phase II trial involving DMO.20 A phase III clinical trial is ongoing.21 The

Macugen Diabetic Retinopathy Study Group found that most subjects

assigned to pegaptanib showed regression of retinal neovascularisation by

week 36.22 Ranibizumab (Lucentis, Genentech, Inc., South San Francisco) is

a fully humanised monoclonal anti-VEGF-A Fab fragment developed

specifically for ophthalmic applications.23 Ranibizumab was designed to

bind all biologically active forms of VEGF-A. In a pilot study, Chun et al.

observed that ranibizumab therapy has the potential to maintain or

improve VA and reduce retinal thickness in patients with DMO.24

Bevacizumab (Avastin, Genentech Inc., San Francisco) is a complete full-

length humanised antibody that binds to all subtypes of VEGF. The results

from the Pan-American Collaborative Retina Study Group at six-month

follow-up showed that primary intravitreal bevacizumab at doses of

1.25–2.5mg seem to provide stability or improvement in VA, retinal

thickness and fluorescein angiography pattern in patients with DMO.25 It

has also been associated with rapid regression of retinal and iris

neovascularisation secondary to diabetes mellitus. Bevacizumab’s role in

such treatment is limited by the short duration of the effect. However,

bevacizumab as an adjunctive treatment to PRP may have better results and

may minimise the latter’s propensity to exacerbate the macular oedema.26

Bevacizumab has been also used as a pre-vitrectomy adjunct for the repair

of tractional retinal detachment in eyes with severe active proliferative DR.27

Protein Kinase C Inhibitors

Protein kinase C (PKC) is a family of 13 enzymes, of which the β isoform has

been the most closely linked to the development of diabetic microvascular

complications. It is induced by high glucose due to an increased

diacylglycerol (DAG) level, and activation of PKC-β appears to mediate

increases in retinal vascular permeability and neovascularisation in animal

models and changes in retinal blood flow in diabetic patients. PKC activation

is important in the intracellular signalling of VEGF, which is hypothesised to

be a principal mediator of retinal neovascularisation and permeability in

diabetes.28–30 Ruboxistaurin (RBX-LI333531) is a PKC-β isozyme-selective

inhibitor that is orally bioavailable and has been shown to ameliorate the

adverse effects of high glucose in a number of animal models of diabetic

microvascular complications. The PKC-probable phospholipid-transporting

ATPase (PKC-DRS2) Group31 showed that patients with moderately severe to

severe non-proliferative DR treated with ruboxistaurin had 40% lower risk

of sustained moderate visual loss and less progression of macular oedema

and needed less laser treatment than the control group. PKC412 (another

PKC inhibitor) has been related to a significant decrease of macular oedema

and improvement of VA in diabetic subjects.32

Somatostatin Agonists

It has been observed that the progression of proliferative DR accelerates

during puberty, when the tissue sensitivity to growth hormone (GH) is

increased, there are few diabetic patients with pituitary infiltrative lesions

and GH-deficient dwarfs have no evidence of macro- or microvascular

disease. Somatostatin analogues may inhibit angiogenesis directly

through somatostatin receptors of endothelial cells, and indirectly

through the inhibition of post-receptor signalling events of peptide

growth factor such as insulin-like growth factor (IGF-1) and VEGF.

Octreotide – a somatostatin analogue and IGF-1 antagonist – decreased

the need for PRP compared with conventional treatment in patients with

severe non-proliferative DR or early proliferative DR, but the incidence of

progression to severe proliferative DR was similar in both groups.33 A

clinical trial using the pegvisomant – a GH-receptor antagonist – did not

demonstrate any effect on DR.34

Cyclooxygenase-2 Inhibitors

Cyclooxygenase (COX)-2 is an enzyme that causes angiogenesis through

prostanoid – primarily prostaglandin E2 synthesis – in response to

inflammation. A recent study found COX-2 was expressed more in

diabetic than in non-diabetic subjects.35 A human trial to evaluate the

effects of the COX-2 inhibitor celecoxib (Celebrex, Pfizer, New York) on

proliferative diabetic retinopathy is currently recruiting patients. 

Interferon-α2a

Interferon-α2a is a peptide that influences gene expression and protein

synthesis, causing inhibition of vascular endothelial proliferation and

migration in the laboratory. A pilot study that included patients with
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active diabetic neovascularisation suggested that interferon-α2a may

limit progression of neovascularisation in DR.36 Nevertheless, other trials

have showed disappointing results, as well as a high incidence of side

effects.37–39 Future large studies with interferon-α-2a may be feasible.

Angiotensin-converting Enzyme Inhibitors/Angiotensin II

Receptor Blockers

There is evidence that the renin-angiotensin system is expressed in the

eye. Studies have shown that angiotensin-converting enzyme (ACE) is

produced locally by vascular endothelial cells and retinal pigment epithelial

cells.40,41 Furthermore, ACE expression has been reported to have adverse

effects on retinal blood flow and vascular structures that are independent

of changes in systemic blood pressure.42 The Diabetes Incidence after

REnal Transplantation (DIRECT) study evaluating the effects of

candesartan (angiotensin II receptor blocker) on DR is ongoing.43

Antioxidants

Diabetes mellitus may cause reactive oxygen species (ROS), which may

activate aldose reductase, PKC and diacylglycerol (DAG) formation. In

addition, ROS stimulates VEGF production in a dose-dependent manner.

All these products may play a role in the pathogenesis of vascular

complications, both microvascular and macrovascular, and an early

marker of such damage is the development of endothelial dysfunction.44

However, the role of oxidative stress in diabetes is questioned by the

uneven results of the intervention studies.45–47

Conclusions

It is essential to emphasise to every diabetic patient the importance of an

steady metabolism and tight blood pressure control in the prevention of

DR. Laser treatment is indicated once DR is manifested and threatening the

VA because of the presence of macular oedema or new vessels. Laser

photocoagulation and PPV can reduce the risk of further loss of vision, but

are not exempt from adverse effects and complications. New therapies are

being developed as single or adjuvant tools to treat advanced stages of PDR

or macular oedema. The better understanding of DR has opened many

pathways for new pharmacological therapies. Ongoing and future clinical

trials will determine the capacity for preventing the presence and/or

progression of DR and the safety of these emerging treatments. ■
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