
Review

British Journal of Hospital Medicine, January 2015, Vol 76, No 1� 35

©
 2

01
5 

M
A 

H
ea

lth
ca

re
 L

td

Diabetic maculopathy is a common and potentially 
blinding microvascular complication of diabetes 
mellitus. It is characterized by macular hard exu-

dates, microaneurysms, haemorrhages (Figure 1), macu-
lar ischaemia and retinal thickening as a result of macular 
oedema (Figure 2). Diabetic macular oedema accounts 
for more visual loss among people under 50 years of age 
in the western world than any other eye disease (Luttrull 
and Dorin, 2012). 

An estimated 347 million people worldwide were 
affected by diabetes in 2011 (Danaei et al, 2011), and its 
incidence is consistently increasing in developed and 
developing countries alike, making diabetes mellitus a 
global pandemic. Within 10 years, 20% of people with 
type 1 and 25% of people with type 2 diabetes mellitus 
will develop diabetic macular oedema (Klein et al, 1995). 
Diabetic maculopathy therefore represents a great cost to 

both quality of life and the economy. This has driven the 
investment of significant resources into the development 
of effective therapies for diabetic macular oedema. 
Management has evolved rapidly over the last 5 years, 
with laser therapy, once the cornerstone of treatment, 
having been largely replaced by emerging pharmacother-
apies. This article provides an update on current treat-
ment modalities and major new additions, with a glance 
at some promising future therapies.

Screening and diagnosis
Recognizing the cost of diabetic eye disease to individuals 
and society prompted the launch of screening pro-
grammes across the world aimed at early detection and 
intervention. Patients in the UK with diabetes mellitus 
aged 12 years and over have been systematically screened 
on an annual basis using digital fundus photography for 
over 10 years (Peto and Tadros, 2012). Some 2.3 million 
patients were offered screening in 2011–12, with a 
nationwide uptake of 81% (NHS Diabetic Eye Screening 
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Figure 1. a. Colour fundus photograph and (b) mid-phase 
fluorescein angiogram demonstrating diabetic maculopathy, with 
hard exudates, microaneurysms and haemorrhages all visible.
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Figure 2. Optical coherence tomography image demonstrating diabetic macular oedema. 
a. Multiple cross-sectional images are taken through the retina at the positions indicated 
by the green lines. b. One of those central images is shown, and large cystic spaces are 
immediately visible in the central retina.
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Programme, 2013). Strict grading criteria for diabetic 
maculopathy have been defined alongside criteria for 
referral to the hospital eye service (Table 1). 

Within the hospital eye service there are a number of 
techniques available to ophthalmologists to visualize and 
assess diabetic macular oedema. Clinical ophthalmoscopy 
with a slit lamp and biomicroscopic lenses is a subjective 
and qualitative method routinely used (Virgili et al, 
2011). Fluorescein angiography can be useful in identify-
ing treatable lesions and areas of leakage. However, opti-
cal coherence tomography has become the key imaging 
technique. It produces three-dimensional and cross-sec-
tional images of the central retina, based on optical reflec-
tivity (Figure 2). This provides valuable information on 
retinal structure and thickness (Virgili et al, 2011) and is 
used as an objective and quantitative assessment of macu-
lar oedema, both for initial evaluation and, importantly, 
in monitoring response to treatment.

Pathophysiology  
of diabetic macular oedema
Diabetic macular oedema can be focal or diffuse. Focal 
oedema typically surrounds clusters of microaneurysms, 
which have been demonstrated by fluorescein angio-
graphy as being a major cause of leakage (Ahmadi and 
Lim, 2009). Diffuse diabetic macular oedema results 
from general breakdown of the blood–retinal barrier, 
which can be induced by chronic hyperglycaemia (Ahmadi 
and Lim, 2009). Chronic hyperglycaemia leads to accu-
mulation of abnormal metabolites from multiple overac-
tive biochemical pathways, inducing oxidative stress and 
causing vascular endothelial growth factor production to 
be upregulated. Vascular endothelial growth factor is a 
potent endothelial-specific mitogen that induces vasodila-
tation, endothelial cell proliferation, production of pro-
inflammatory cytokines and increased vascular permeabil-
ity (Ferrara et al, 1992), which ultimately results in 
breakdown of the blood–retinal barrier with extravasation 
of fluid that accumulates as macular oedema. This process 
is often further compounded by associated conditions 
such as hypertension, dyslipidaemia and vascular inflam-
mation (Bloomgarden, 2007; Morello, 2007). 

Management of diabetic macular oedema
As chronic hyperglycaemia initiates and propagates the 
succession of pathogenic events, the ultimate manage-
ment of diabetic macular oedema is strict glycaemic 
control (Turner et al, 1998). Microvascular damage is 
compounded by hypertension, thus tight control of 
blood pressure is essential (UK Prospective Diabetes 
Study Group, 1998). An emerging body of evidence also 
supports a role for lipid-lowering agents in the manage-
ment of diabetic macular oedema, by reducing the sever-
ity of hard exudates and leakage of fluid (Panagiotoglou 
et al, 2010). However, despite efforts aimed at early iden-
tification and aggressive treatment of diabetes mellitus 
and these associated risk factors, around a quarter of 
patients will develop diabetic macular oedema within 
10 years (Klein et al, 1995). Therefore, in addition to 
these systemic modifications an array of intraocular treat-
ment modalities have been developed. 

Laser photocoagulation
Macular laser photocoagulation has been the unequivocal 
gold standard of treatment for diabetic macular oedema 
since publication of the Early Treatment Diabetic 
Retinopathy Study in 1985. This large multi-centre, rand-
omized trial of nearly 4000 patients showed that focal 
application of laser to leaking aneurysms and grid treat-
ment of diffuse macular leakage provided a 50% reduction 
in moderate visual loss after 3 years compared with untreat-
ed patients (Early Treatment Diabetic Retinopathy Study, 
1985) (Figure 3). This study, which predates optical coher-
ence tomography imaging, recommended laser photoco-
agulation for all patients with clinically significant macular 
oedema, as defined by the following criteria: retinal thick-
ening within 500 μm of the macula centre, hard exudates 
with associated retinal thickening within 500 μm of the 
macula centre, or a zone of retinal thickening one disc area 
in size within one disc diameter of the macula centre (Early 
Treatment Diabetic Retinopathy Study, 1985, 1991).

Unlike panretinal photocoagulation, which treats pro-
liferative diabetic retinopathy by reducing oxygen require-
ments of the retina through tissue destruction, the precise 
mechanism by which macular photocoagulation treats 
diabetic macular oedema remains unknown. It is likely 
that focal laser occludes leaking microaneurysms, con-
tributing in part to its efficacy (Royster et al, 1988). Grid 
laser treatment is thought to work through the influence 
of macular tissue damage on autoregulation of retinal 
blood flow, reducing it and consequently any associated 
fluid shift (Wilson et al, 1988). 

Although effective at slowing or preventing further loss 
of vision, laser photocoagulation is not effective at restor-
ing vision. Potential complications include visible scars 
that can enlarge and encroach towards the fixation point 
(Bailey et al, 1999), reduced contrast sensitivity and col-
our vision (Morgan and Schatz, 1989), as well as compli-
cations such as choroidal neovascularization (Roider et al, 
2000) and subretinal fibrosis (Stanga et al, 1999). 

Maculopathy (M)	 Features	 Action 

M0 No visible maculopathy	Absence of any M1 features	 Annual rescreen

M1 Maculopathy	 Exudate within 1 disc diameter (DD) of the	 Refer to eye clinic 
	 centre of the fovea, group of exudates within 	to be seen within 
	 the macula, retinal thickening within 1DD	 13 weeks 
	 of the centre of the fovea, any  
	 microaneurysm or haemorrhage within 1DD  
	 of the centre of the fovea only if associated  
	 with a best visual acuity of ≤ 6/12

From NHS Diabetic Eye Screening Programme (2013)

Table 1. English National Screening Committee Maculopathy 
Grading Standard
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Efforts to reduce the risks associated with thermal laser 
have led to the development of the micropulsed diode 
laser that delivers laser energy in short pulses rather than 
as a continuous wave. The relative absorption of diode 
laser is 40% of that of conventional argon lasers, yet it 
remains therapeutically effective (Ohkoshi and 
Yamaguchi, 2010) and with fewer side effects. 
Nevertheless, it still produces its clinical effect by causing 
iatrogenic retinal damage, and is still associated with vis-
ual stabilization rather than improvement.

Corticosteroids
Corticosteroids are anti-inflammatory agents effective at 
reducing the permeability of retinal capillaries by enhanc-
ing endothelial cell tight junctions and downregulating 
the vascular endothelial growth factor metabolic pathway 
(Sears and Hoppe, 2005). This reduces leakage of plasma 
proteins into the interstitial space, helping to restore the 
osmotic gradient and resolve the oedema (Sivaprasad et 
al, 2006).

The first intravitreal corticosteroid to be widely used in 
the treatment of diabetic macular oedema was triamci-
nolone acetonide. Its benefits in treating diabetic macular 
oedema refractive to laser photocoagulation and as pri-
mary therapy have been well documented (Sutter et al, 
2004). Intravitreal triamcinolone provided greater short-
term improvements in visual acuity than laser photo-
coagulation, but this was not sustained beyond 16 months 
(Beck et al, 2009). In practice, patients require re-injec-
tion every 3–6 months as the effect diminishes.

As with systemic corticosteroids, intravitreal triamci-
nolone causes both cataract (Beck et al, 2009) and glau-
coma (Beck et al, 2009), and with each subsequent injec-
tion the risk increases. Furthermore, intravitreal injection 
itself carries risk of endophthalmitis, retinal detachment 
and vitreous haemorrhage. Therefore the need for regular 
repeat injections is a major drawback of intravitreal tri-
amcinolone therapy.

More recently, sustained-release steroid intraocular 
implants have been developed that lengthen the reinjec-
tion interval and reduce side effects. Ozurdex is a sus-
tained-release dexamethasone injectible device currently 

licensed for use in macular oedema following retinal vein 
occlusion and uveitis. Its short-term benefits in the man-
agement of diabetic macular oedema are well document-
ed, but effects are rarely sustained beyond 3–4 months 
(Pacella et al, 2013). A multi-centre randomized control-
led trial comparing laser plus Ozurdex with laser plus 
sham in patients with diffuse diabetic macular oedema 
found that although a significant improvement in visual 
acuity was reported for the first 9 months in those treated 
with Ozurdex, this was not maintained and significance 
was lost at 12 months (Callanan et al, 2013). Rates of 
raised intraocular pressure and cataract were higher in 
eyes receiving Ozurdex, but lower than that associated 
with intravitreal triamcinolone.

Iluvien is a second-generation injectable fluocinolone 
acetonide device that has entered phase III trials for dia-
betic macular oedema. In patients with diabetic macular 
oedema previously treated with laser photocoagulation, a 
maxiumum of one Iluvien insert per year provided greater 
improvement in visual acuity after 3 years when compared 
with sham. Rates of adverse effects were high; almost all 
phakic eyes developed cataract after 3 years, and incisional 
glaucoma surgery was required in 8.1% of the high dose 
group (Campochiaro et al, 2012). Iluvien is currently 
approved by the National Institute for Health and Care 
Excellence for use in pseudophakic patients with diabetic 
macular oedema refractive to other therapies.

Together, these trials demonstrate a valid role for ster-
oid therapy in diabetic macular oedema, with well-docu-
mented improvements in vision. However, despite the 
development of sustained delivery systems the duration 
of effect is limited. With the risk of side effects being 
high, a more effective and safer treatment modality is 
required.

Vascular endothelial growth factor 
inhibitors
As previously discussed, vascular endothelial growth fac-
tor plays a central role in the pathogenesis of diabetic 
macular oedema and is therefore a key therapeutic target. 
Indeed, multiple drugs that target vascular endothelial 
growth factor have been developed and tested in large 

Figure 3. Applying macular laser treatment requires a reasonably high skill level. a. Light grid laser treatment is apparent as faint grey spots within the macula.  
b. Much heavier laser treatment is visible, and indicates how inexperienced operators can cause significant scarring, especially as scars tend to enlarge and 
coalesce over time. c. Fluorescein angiography of the same patient highlights the confluent laser scars. 
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phase III randomized trials for safety and efficacy in treat-
ing diabetic macular oedema. These drugs are effective at 
reducing diabetic macular oedema and restoring vision, 
but require regular intravitreal injection. This exposes 
patients to higher risk of injection-related adverse events 
and places a strain on both eye clinics and budgets.

Ranibizumab (Lucentis) is a humanized monoclonal 
anti-vascular endothelial growth factor antigen binding 
fragment specifically designed for use in the eye. It 
potently inhibits the activity of all known isoforms of 
vascular endothelial growth factor. There is a large body 
of robust evidence from multiple large phase III trials 
demonstrating its efficacy in reducing diabetic macular 
oedema, and three major trials have demonstrated its 
superiority over laser therapy (Nguyen et al, 2012). The 
3-year results of one trial highlight the importance of 
early treatment with ranibizumab (Brown et al, 2013). To 
maintain these effects, patients required an average of 
seven injections with 12 monitoring visits in year one and 
three injections with ten monitoring visits in year two, 
with a total cost of around £10 000 per patient (Mitchell 
et al, 2012). 

Bevacizumab (Avastin) is a monoclonal anti-vascular 
endothelial growth factor antibody that binds and inhib-
its all isoforms of vascular endothelial growth factor-A. 
Ocular use is currently unlicensed, yet numerous rand-
omized trials have demonstrated its superiority over laser 
therapy, intravitreal steroids and combinations of these, 
in treating diabetic macular oedema (Rajendram et al, 
2012). Again, regular repeat injections of bevacizumab 
were required for maintenance of effect.

Aflibercept (Eylea) is a fusion protein of human immu-
noglobulin and vascular endothelial growth factor recep-
tors that binds multiple isoforms of vascular endothelial 
growth factor with high affinity. A major benefit of 
aflibercept is its longer duration of action meaning fewer 
injections and monitoring visits are required. In the 
phase II clinical trial, laser therapy was compared with an 
aflibercept dosing regimen consisting of monthly injec-
tions for 3 months followed by 2-monthly injections. 
After 6 months, patients treated with aflibercept demon-
strated a significantly greater improvement in mean visu-
al acuity and retinal thickness. One year follow up dem-
onstrated that 2-monthly injections were sufficient to 
maintain these effects, with seven injections required in 
total (Do et al, 2012). Although this initial study is 
promising, further data are required before drawing con-
clusions on aflibercept.

Pegaptanib (Macugen) is PEGylated aptamer that 
potently bind vascular endothelial growth factor-165. 
When compared with sham injection, pegaptanib showed 
only weak efficacy in treating diabetic macular oedema 
and no further comparative trials were commenced 
(Sultan et al, 2011).

These trials also demonstrated the safety of anti-vascu-
lar endothelial growth factor agents for intraocular use. 
The frequency of reported adverse events was low, with 

raised intraocular pressure being the only consistently 
reported side effect in a small proportion of patients 
across all anti-vascular endothelial growth factor thera-
pies, excluding bevacizumab in which rates were compa-
rable with laser. As a result, anti-vascular endothelial 
growth factor agents are now considered first-line man-
agement for patients with diabetic macular oedema.

Enzymatic vitreolysis
The observation that patients with spontaneous or surgi-
cal posterior vitreous detachment had significantly 
reduced rates of diabetic macular oedema or improve-
ment of already established diabetic macular oedema 
(Tachi and Ogino, 1996) led researchers to believe that 
vitreoretinal relationships at the macula play a key role. 
Plasmin is a protease active against fibronectin and lam-
inin, the proteins responsible for vitreous attachment to 
the retinal surface. Researchers using intravitreal plasmin, 
either in autologous or recombinant forms (Ocriplasmin), 
to induce posterior vitreous detachment in patients with 
diabetic macular oedema found that it effectively reduced 
macular thickness and improved vision (Diaz-Llopis et al, 
2013). When compared to intravitreal triamcinolone, 
plasmin had a more sustained effect on both macular 
thickness and visual acuity without the concomitant rise 
in intraocular pressure (Elsawy, 2012). These therapies 
represent a promising new approach to treating diabetic 
macular oedema.

Discussion
The past decade has seen a significant evolution in the 
treatment of diabetic macular oedema. Laser was once 
the gold standard therapy, but now its role is debatable. 
A robust evidence base supports anti-vascular endothelial 
growth factor drugs as primary therapy for diabetic 
macular oedema. Both ranibizumab and bevacizumab are 
superior to laser, and adding laser confers no benefit. 
However, laser may still be used to treat very focal areas 
of leakage. 

There are no direct head-to-head trials of ranibizumab 
and bevacizumab, therefore choice is at the ophthalmolo-
gist’s discretion. Bevacizumab is currently unlicensed for 
intraocular use, but is considerably cheaper than licensed 
ranibizumab. Anti-vascular endothelial growth factor 
drugs represent a significant advance, but they are not the 
solution; only half of patients gain ≥10 letters in visual 
acuity following treatment (Mitchell et al, 2011), and 
regular injections are required to maintain effect.

Studies investigating the efficacy of steroid have mixed 
results, but the association with cataract and raised 
intraocular pressure is consistent. The effects of dexame-
thasone implants peak at 3 months and then diminish, 
requiring retreatment. Each retreatment increases the risk 
of complications. Fluocinolone requires fewer adminis-
trations, potentially one every 3 years, but rates of cata-
ract are high. Some patients may opt for infrequent ster-
oid injections, accepting the considerable risk of cataract 
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and small risk of glaucoma, over frequent anti-vascular 
endothelial growth factor injections, despite the differ-
ence in potential acuity gain. There also remains a place 
for steroids in patients not responding to anti-vascular 
endothelial growth factor drugs. Furthermore, cataract is 
very common in diabetes, and many patients are pseudo-
phakic when treatment for diabetic macular oedema is 
required. 

As research continues, the management for diabetic 
macular oedema will constantly evolve. A range of prom-
ising new treatment modalities is currently under devel-
opment that target various elements of the cascade lead-
ing to diabetic macular oedema. Some are topical agents 
(Callanan and Williams, 2008), which may play a major 
role in the future. 

The pathogenesis of diabetic macular oedema is multi-
factorial, so a combination of therapies working synergis-
tically to target multiple pathways is likely to be needed. 
The presence of macular ischaemia, as evidenced by an 
enlarged foveal avascular zone on fluorescein angiography 
(Figure 4), is thought to contribute to poor visual out-
comes following treatment (Chung et al, 2008). In the 
absence of an effective therapy for macular ischaemia, 
complete resolution of visual loss is unlikely to be achiev-

able. Diabetic macular oedema is an ongoing global prob-
lem, and although recent years have seen a number of 
significant advances, the problem is far from solved. BJHM
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