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Abstract

This narrative review examines current and emerging treatment strategies for diabetic macular

edema (DME), a complication of diabetic retinopathy characterised by fluid accumulation in
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the macula, which can lead to vision impairment. The incidence of DME is particularly high
in patients with long-standing diabetes and advanced retinopathy. The current treatment
options for DME include anti-vascular endothelial growth factor (anti-VEGF) agents,
corticosteroids, and laser therapies. Anti-VEGF agents, including bevacizumab, ranibizumab,
aflibercept, and the more recently developed brolucizumab and faricimab, have been
demonstrated to reduce macular thickness and improve visual acuity. Brolucizumab offers the
advantage of fewer injections due to its longer duration of action, although it carries a higher
risk of ocular inflammation compared to other anti-VEGF agents. The dual inhibition of the
VEGF and angiopoietin-2 (Ang-2) pathways by faricimab may enhance vascular stability and
reduce inflammation, potentially improving patient outcomes. Steroid therapies, including
dexamethasone, fluocinolone acetonide, and triamcinolone acetonide, represent an alternative
for patients who do not respond adequately to anti-VEGF treatment. Laser therapies,
including focal, navigated, and subthreshold laser treatments, remain a crucial component in
the management of DME, with the ability to seal leaking vessels and reduce fluid
accumulation. In order to achieve the best outcomes for patients, it is essential to continue to
advance these treatment modalities and adopt a personalised, multifaceted approach.

Keywords: Diabetic Macular Edema; Macular Edema; Anti-Vascular Endothelial Growth

Factor; Laser Photocoagulation

Introduction

The IDF Diabetes Atlas (2021) indicates that approximately 10.5% of the global adult
population aged 20-79 years has diabetes. Of this figure, almost half are unaware of their
condition. Projections suggest that by 2045, approximately 783 million adults, or 1 in 8
people worldwide, will be living with diabetes, representing an increase of 46% !'. DME is the
leading cause of blindness in people with diabetes 2.

Diabetic macular edema (DME) can develop in any form of diabetic retinopathy. Its incidence
is higher in patients with long-standing diabetes and a more advanced form of retinopathy °.
DME is easily diagnosed by biomicroscopic examination of the retina and confirmed by
optical coherence tomography (OCT). Hyperglycaemia-induced vasogenic changes lead to a
breakdown of the blood-retinal barrier (BRB), initiating the development of macular edema.
At the same time, activation of low-grade inflammation exacerbates retinal damage, resulting

in chronic macular changes 2.



DME is a multifactorial condiction characterised by thickening of the macula due to fluid
leakage from retinal capillaries. This leakage is caused by loss of pericytes, thickening of the
basement membrane and disruption of tight junctions in the retinal endothelium due to
chronic hyperglycaemia. Several biochemical pathways contribute significantly to the
pathophysiology of DME, including upregulation of vascular endothelial growth factor
(VEGF), placental growth factor (PGF), angiopoietin-2 (Ang-2), intercellular adhesion
molecule-1 (ICAM-1), interleukins, pigment epithelium-derived factor, matrix

metalloproteinases, prostaglandins and other cytokines +°.

Aim

This narrative review aims to provide a comprehensive examination of the current treatment
strategies for DME, with a particular focus on the efficacy, safety, and mechanisms of various
therapeutic modalities. The objective of this review is to provide a comprehensive analysis of
anti-VEGF agents, corticosteroids, and laser therapies, including their roles in reducing
macular thickness, improving visual acuity, and managing inflammation. The review will
synthesise recent clinical trial data and studies in order to highlight the benefits and
limitations of each treatment option, explore the potential of novel therapies such as

brolucizumab and faricimab, and discuss future directions for optimising DME management.

Material and methods

Databases such as Pubmed, Medline, Google Scholar, and Europe PMC were used for the
literature review with the following keywords: Diabetic Macular Edema; Macular Edema;
Anti-Vascular Endothelial Growth Factor; Diabetic Retinopathy; Intravitreal Corticosteroids;
Systematic Review.

Thirty-nine articles published between 1986 and 2024 were reviewed for inclusion to ensure
they reflected current understanding and practices. Articles with poor research quality,

outdated information, or lacking direct relevance to the topic were excluded.

Classification

The Early Treatment Diabetic Retinopathy Study (ETDRS) introduced the term clinically
significant macular edema (CSME). CSME is characterised by slit-lamp biomicroscopy by



the following criteria: “(1) thickening of the retina at or within 500 pm of the center of the
macula; (2) hard exudate at or within 500 pm of the center of the macula associated with
thickening of adjacent retina; or (3) a zone of retinal thickening 1 disc area or larger, any part
of which is within 1 discdiameter of the center of the macula” °.

DME has also been divided into focal and diffuse subtypes. Focal DME is primarily caused
by localised leakage from microaneurysms, often surrounded by a ring of hard exudate. In
contrast, diffuse DME results from a widespread breakdown of the inner blood-retinal barrier,
with leakage from microaneurysms, retinal capillaries and arterioles. Hard exudates are

typically absent in diffuse DME 7.

Treatment

The current treatment strategies for diabetic macular edema encompass the use of anti-VEGF
agents, which diminish vascular dysfunction, restrict angiogenesis, and enhance tissue
integrity within the macular region. Laser photocoagulation therapy is employed to halt the
progression of vascular lesions and to preserve or improve visual acuity. Corticosteroids are
administered to attenuate the inflammatory response by inhibiting the activity of
inflammatory mediators (TNF-, IL-6, MCP-1, VEGF) 8. Combination therapy is also utilised
to address the multifactorial nature of the disease. Monotherapy is often inadequate, likely due

to the complex pathophysiology of DME.

Anti-VEGF Therapy

Anti-VEGF agents represent the first-line therapy for centre-involving DME and have been
demonstrated to be effective in improving and maintaining visual acuity, as evidenced by

large-scale randomised controlled trials *-'3.

Bevacizumab, Ranibizumab, and Aflibercept

Three anti-VEGF agents—bevacizumab, ranibizumab, and aflibercept—are commonly
utilised in the treatment of DME, with their efficacy having been well-established in clinical
trials 814,

Bevacizumab has been officially approved for oncological applications. However, it is also
used off-label globally for retinal angiogenic diseases due to its significantly lower cost

compared to other anti-VEGF agents !4,



Although anti-VEGF therapy has been demonstrated to be more efficacious than laser therapy
for DME, approximately 50% of patients do not experience an improvement in visual acuity
in response to these treatments 43, In the RISE and RIDE trials, approximately 20%—-25% of
patients exhibited persistent macular thickening '°. A secondary analysis of protocol T, which
compared the efficacy of intravitreal aflibercept, bevacizumab, and ranibizumab for centre-
involved diabetic macular oedema (CI-DME), revealed that persistent DME at 24 weeks was
observed in 31.6%, 65.6%, and 41.5% of eyes treated with aflibercept, bevacizumab, and

ranibizumab, respectively !’

. Despite exhibiting incomplete responses, the visual acuity
outcomes of eyes with chronic persistent DME were comparable to those of eyes with
complete resolution of edema 7.

Intravitreal administration of anti-VEGF therapy is typically considered safe. However, due to
the necessity of repeated treatments for DME, there is a potential for an increased incidence
of local and systemic complications throughout the treatment regimen. Infrequent ocular
complications include infective endophthalmitis, intraocular inflammation, retinal detachment,
and elevated intraocular pressure or glaucoma.!'*!8

A number of studies have indicated that reducing the overall exposure to anti-VEGF agents is

crucial in order to prevent prolonged suppression of plasma VEGF levels, which may

potentially lead to thromboembolic events in patients with DME 1929,

Brolucizumab

Brolucizumab, a relatively novel anti-VEGF agent for the treatment of DME, has
demonstrated efficacy in reducing macular thickness and has shown significant potential in
improving best-corrected visual acuity (BCVA) and central subfield macular thickness
(CSMT) in patients with DME 2! . Furthermore, it is possible that fewer injections may be
required compared to other anti-VEGF agents 2%, The efficacy of brolucizumab has been
demonstrated to persist for up to 16 weeks, thereby reducing the treatment burden 2?> . The
safety profile of brolucizumab has been evaluated, revealing a relatively low incidence of
adverse effects, with retinal vasculitis and retinal vascular occlusion being the most
concerning 2!.

Ocular inflammation, a potential complication associated with all intravitreal anti-VEGF
agents utilised prior to brolucizumab, exhibits varying incidence rates. These range from
0.05% to 2.1% for aflibercept, 0.05% to 1.1% for bevacizumab, and 0.005% to 1.9% for

ranibizumab. In contrast, it reaches 4.4% for brolucizumab 22.
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Faricimab

Faricimab represents a novel approach to the treatment of vascular disorders, employing a
dual-pathway inhibition strategy that targets both VEGF-A and Ang-2 in order to enhance
vascular stability and mitigate inflammation. This offers a potential avenue for the
management of a range of vascular conditions.The dual inhibition of Ang-2 and VEGF by
Faricimab suggests that it may be an effective treatment for retinal vascular disease, with the
potential to improve outcomes and prevent vision deterioration, thereby positively influencing
patients' quality of life 2°.

The treatment can be implemented within a treat-and-extend (T&E) protocol with minimal
treatment requirements, thereby providing individuals affected by DME with increased
autonomy. This addresses current capacity limitations in numerous healthcare systems and
anticipated rises in ophthalmology service demand 2324,

The safety profile of faricimab has been demonstrated to be favourable, with rates of
inflammation and endophthalmitis comparable to those observed in other widely used

treatments 2.

Steroid Therapy

Steroid therapy has the capacity to mitigate inflammation in cases of DME 42627,

A number of long-acting, sustained-release steroid implants have been developed with the
objective of reducing side effects and prolonging the therapeutic duration of intravitreal
steroid medications 4.

Dexamethasone (DEX), fluocinolone acetonide (FA), and triamcinolone acetonide (TA) have
been employed as topical steroid therapies for DME, with documented efficacy 2®. DEX is
administered as a sustained-release implant or via intravitreal injections, FA is utilized in the
form of a sustained-release implant, and TA is administered through intravitreal or subtenon
injections. A number of studies have indicated the effectiveness of all three agents 28731,

A favourable long-term balance between efficacy and safety was established 323° . The

principal adverse effects linked with the administration of DEX implants were elevated

intraocular pressure and cataract formation 3.



Although anti-VEGF therapy appears to demonstrate superior efficacy, steroid treatment
modalities may be considered in instances where patients exhibit inadequate responses to anti-
VEGEF therapy, or for the purpose of reducing treatment frequency in cases of chronic
persistent or recurrent diabetic macular edema, particularly in patients who have undergone
cataract surgery 434,

Furthermore, a single sub-Tenon’s capsule injection of TA has been demonstrated to have
beneficial effects in preventing PRP-induced foveal thickening and visual impairment in

patients with severe diabetic retinopathy who have good visual acuity. This is achieved by

acting as a pretreatment for panretinal photocoagulation (PRP) >,

Laser Therapy

Focal, direct laser therapy has been demonstrated to seal leaking microaneurysms and
promote endothelial repair, thereby reducing leakage through the compromised blood-retinal
barrier '4.

However, it is important to note that this laser treatment protocol carries a risk of inducing
scotomas, in addition to the complications associated with other laser-induced lesions.
Therefore, it is essential to ensure that the procedure is performed at a safe distance from the
fovea 8.

A navigated laser system, designated Navilas, has been developed, featuring an eye-tracking
laser delivery system. This technology enables the delivery of precise laser irradiation, even to
small microaneurysms 3°.

A non-damaging laser technique, known as subthreshold laser treatment, is currently utilized
as an alternative to grid laser therapy for the improvement of DME. Subthreshold laser
treatments have been observed to limit the spread of heat to the adjacent retinal and choroidal
layers, whereas conventional lasers have been found to cause more extensive thermal damage
and scarring. Both treatment modalities have been noted to effectively resolve DME without

28 It has been postulated that these treatments exert their

inducing visible retinal changes
effects by directly stimulating the retinal pigment epithelium (RPE) 28:37-38,

The ongoing advances in laser technology, coupled with a deeper understanding of laser-
retinal interactions and the underlying pathophysiology, suggest that laser therapy will remain

a critical component in the management of diabetic macular edema for the foreseeable future
39



Conclusions

The management of DME has undergone a significant evolution, providing a diverse range of
therapeutic options. Each of these options has its own benefits and limitations.

A multifaceted approach, tailored to the individual patient's needs, combining anti-VEGF
agents, steroid therapies, and advanced laser techniques, appears to be the most effective
strategy for managing diabetic macular edema.

However, ongoing research and clinical trials are essential for the refinement of these
treatments, the enhancement of patient outcomes, and the addressing of unmet needs in the
management of DME. By elucidating the pathophysiology and treatment mechanisms of

DME, we can develop more effective and personalised therapeutic strategies.
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