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ABSTRACT
Diabetic retinopathy and diabetic macular edema are leading causes of preventable vision loss, with a 
rising global impact due to the increasing prevalence of diabetes mellitus. This review article synthesizes 
current evidence regarding the management of diabetic retinopathy, addressing pathophysiological 
mechanisms and evidence-based therapeutic recommendations from major clinical trials. Key topics 
include screening strategies, updated classification systems, systemic control, and ocular therapies such 
as anti-vascular endothelial growth factor (anti-VEGF) agents, corticosteroids, laser photocoagulation, 
and vitrectomy. Emerging medication approaches, sustained-release drug delivery systems, gene 
therapy, Artificial Intelligence (AI) and telemedicine are also discussed. Special considerations are 
highlighted for specific populations, including pregnant women and young individuals with type 1 
diabetes. The review highlights the importance of individualized, multidisciplinary and evidence-based 
management to optimize visual outcomes and the quality of life for patients with diabetic retinopathy.

RESUMO
A retinopatia diabética e o edema macular diabético constituem importantes causas de perda visual 
potencialmente evitável, com impacto global crescente em decorrência da elevação da prevalência 
do diabetes mellitus. Este capítulo revisa criticamente as evidências atuais relacionadas ao manejo 
da retinopatia diabética, abordando os mecanismos fisiopatológicos envolvidos e as principais 
recomendações terapêuticas baseadas em estudos clínicos de grande porte. São discutidos tópicos 
fundamentais como estratégias de rastreamento, atualizações nos sistemas de classificação, controle 
sistêmico rigoroso e terapias oculares, incluindo agentes antifator de crescimento endotelial vascular 
(anti-VEGF), corticosteroides, fotocoagulação a laser e vitrectomia. Abordam-se ainda abordagens 
terapêuticas emergentes, sistemas de liberação prolongada de fármacos, terapia gênica, inteligência 
artificial e telemedicina. Considerações específicas são destacadas para subgrupos populacionais como 
gestantes e indivíduos jovens com diabetes tipo 1. Reforça-se, ao final, a relevância de uma abordagem 
individualizada, multidisciplinar e fundamentada em evidências para otimização dos desfechos visuais 
e da qualidade de vida de pacientes com retinopatia diabética.
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INTRODUCTION

Epidemiology and socioeconomic 
impact of diabetic retinopathy 
in Brazil and worldwide
Diabetic retinopathy (DR) is one of the most prevalent 
and disabling complications of diabetes mellitus (DM), 
representing an important cause of avoidable blindness 
in the working-age population. Globally, recent estimates 
suggest that approximately 22.3% of individuals with DM 
have DR, totaling around 103 million people in 2020, with 
projections reaching 160.5 million by 2045.(1) This increas-
ing global burden reflects population aging, increased life 
expectancy among people with diabetes, and lifestyle 
changes associated with urbanization. Ocular complica-
tions of diabetes account for up to 2.6% of global blind-
ness cases and about 4.8% of moderate to severe visual 
impairment, according to the Global Burden of Disease.(2) 
This burden is disproportionately higher in low- and mid-
dle-income countries, where screening and treatment 
programs are often structurally deficient.

In Brazil, the scenario is equally concerning: the prev-
alence of DM is estimated at 9.4%, with significant un-
derreporting (42.5%) and low frequency of ophthalmic 
exams. Only 41% of diagnosed individuals underwent a 
fundus examination in the past year, and approximately 
20% have never had one. These gaps in screening and dis-
ease control lead to increased morbidity, hospitalizations, 
and healthcare costs, in addition to significant socioeco-
nomic losses related to visual disability.(3)

Pathophysiology of diabetic 
retinopathy: key mechanisms
The pathophysiology of DR is multifactorial and complex, 
involving interactions between metabolic, inflammatory, 
oxidative, and angiogenic pathways, primarily triggered 
by chronic hyperglycemia. This condition initiates a cas-
cade of cellular and molecular changes, resulting in dys-
function and damage to the retinal microvasculature, 
which progressively compromises retinal integrity.

Hyperglycemia is the primary factor that promotes 
oxidative stress, mitochondrial damage, and the activa-
tion of inflammatory and apoptotic mediators. It also in-
duces basement membrane thickening and pericyte loss, 
events that lead to microaneurysm formation, increased 
vascular permeability, and breakdown of the blood-reti-
nal barrier.(4-6)

Among the angiogenic mediators, vascular endo-
thelial growth factor (VEGF) plays a prominent role. It is 

upregulated by retinal hypoxia and promotes increased 
capillary permeability and pathological neovasculariza-
tion. Other mediators, such as angiopoietin-2 and inter-
leukin 6, are also involved in vascular destabilization and 
act synergistically with VEGF in the progression to prolif-
erative DR and diabetic macular edema (DME). The study 
of these mediators has expanded as targets for new DME 
treatments.(5,6)

More recently, retinal neurodegeneration has been rec-
ognized as an early event in DR, even preceding microvascu-
lar alterations. The ganglion cell loss and thinning of the ret-
inal nerve fiber layer have been observed even in the absence 
of overt clinical lesions, suggesting that DR also constitutes a 
sensory neuropathy associated with diabetes.(6,7)

Updated classification of 
diabetic retinopathy
The current classification of DR is based on clinical 
and imaging findings (Figure 1), with the International 
Clinical Diabetic Retinopathy (ICDR) system being the 
gold standard in clinical research (Table 1). This system 
evaluates seven standard retinal photographic fields to 
provide a detailed assessment.(8,9)

Table 1. Clinical classification of diabetic retinopathy accord-
ing to severity. The progression from mild non-proliferative 
to proliferative diabetic retinopathy reflects increasing micro-
vascular damage and risk of vision loss. Criteria are based 
on fundoscopic findings and guide the timing of referral and 
therapeutic intervention
Stage Clinical criteria Risk of progression /

considerations

Mild NPDR Presence of microaneurysms only Typically asymptomatic. Low short-
term risk of progression

Moderate 
NPDR

Microaneurysms, dot-blot 
hemorrhages, and hard exudates. 
It does not meet criteria for severe 
NPDR

Requires closer monitoring. 
Moderate risk of progression

Severe 
NPDR

Presence of at least one of the 
following: 
• More than 20 intraretinal 
hemorrhages in all four quadrants 
• Venous beading in ≥ 2 quadrants 
• IRMA in ≥ 1 quadrant

Up to 50% risk of progression to 
proliferative DR within one year. 
Referral to retina specialist is 
recommended

Very severe 
NPDR

Any two of the three criteria 
for severe NPDR, without 
neovascularization

High risk of rapid progression 
to proliferative DR. It requires 
intensive follow-up.

PDR Neovascularization of the optic 
disc (NVD) and/or elsewhere in the 
retina (NVE), vitreous hemorrhage

High risk of severe vision loss. 
Treatment with panretinal 
photocoagulation and/or anti-VEGF 
therapy is typically indicated

NPDR: non-proliferative diabetic retinopathy; IRMA: intraretinal microvascular abnormalities; DR: diabetic 

retinopathy; PDR: proliferative diabetic retinopathy; VEGF: vascular endothelial growth factor.

The advent of ultra-widefield (UWF) imaging has 
challenged the limitations of the ETDRS seven-field as-
sessment (Figure 2). Comparative studies have shown 
that, although discrepancies in severity grading occur 
in less than 6% of cases, UWF imaging can reveal vi-
sion-threatening lesions such as neovascularization and 
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pre-retinal hemorrhages located in the peripheral reti-
na, beyond the ETDRS fields.(10)

Diabetic macular edema: pathophysiology, 
classification, and relationship with 
diabetic retinopathy stages
Diabetic macular edema is the leading cause of vision 
loss in patients with DM and may occur at any stage 
of DR, whether non-proliferative or proliferative. The 
pathophysiology of DME is multifactorial, involv-
ing breakdown of the blood-retinal barrier, oxidative 
stress, chronic inflammation, vascular dysfunction, 
and neurodegeneration.(11,12)

Diabetic macular edema can be classified according 
to different criteria. Morphologically, it is described as fo-
cal when localized leakage areas are associated with mi-
croaneurysms, or diffuse when the macular thickening 
is more extensive and uniform. Another classification 
is based on central involvement, dividing DME into cen-
ter-involving and non-center-involving types, as deter-
mined by optical coherence tomography (OCT) imaging. 
Additionally, DME may be described as cystoid when in-
traretinal fluid filling spaces are observed on OCT.(12)

The development of DME is closely related to DR 
progression. Although it can occur at any stage, its prev-
alence and severity increase with DR severity. Macular in-
volvement, particularly when central, is associated with 
more significant visual loss.(11,12)

Critical importance of systematic 
screening and early diagnosis: 
current recommendations
Systematic DR screening is a key public health strategy 
to reduce the incidence of preventable blindness in peo-
ple with DM. Organized screening programs allow for 
early identification of retinal lesions, risk stratification, 
and timely therapeutic interventions. According to the 
guidelines of the Sociedade Brasileira de Diabetes (SBD), 
ophthalmological examinations should begin five years 
after the diagnosis of type 1 diabetes and at the time of 
diagnosis for patients with type 2 diabetes, due to the 
possibility that DR may already be present in this pop-
ulation due to the frequent absence of precise onset of 
the disease.

Screening can be performed by clinical examination 
with pupillary dilation or through imaging methods 

Figure 1. Color fundus photographs illustrating key features of diabetic retinopathy. (A) shows microaneurysms (green circle), 
intraretinal hemorrhages (blue circle) and hard exudates (black circle); (B) highlights intraretinal microvascular abnormalities; (C) 
displays neovascularization of the optic disc.

Figure 2. Ultra-widefield fundus images illustrating bilateral high-risk proliferative diabetic retinopathy. The right eye (A) presents 
a complex tractional retinal detachment, while the left eye (B) shows a pre-retinal hemorrhage.
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such as fundus photography. The latter has gained prom-
inence, especially when associated with telemedicine, 
allowing trained technicians to capture retinal images 
for remote analysis by ophthalmologists in specialized 
centers. Fundus photography combined with auto-
mated AI algorithms has proven effective and feasible, 
even in regions with a shortage of specialists. Artificial 
Intelligence use is in an advanced validation stage and 
has already shown high diagnostic performance in in-
ternational studies.(9)

The recommended screening interval is based on the 
DR stage. For patients with no DR or mild NPDR, annu-
al exams are sufficient. For moderate or advanced cases, 
the interval should be reduced to six months or less, as 
determined by clinical judgment. Patients with PDR or 
center-involving DME should be referred immediately to 
a specialist for treatment initiation.(9)

MANAGEMENT OF NON-PROLIFERATIVE 
DIABETIC RETINOPATHY

Optimized systemic control as a 
therapeutic foundation: glycemic, 
blood pressure, and lipid targets
Optimized systemic control is a cornerstone in managing 
non-proliferative diabetic retinopathy (NPDR), as demon-
strated by landmark clinical trials such as DCCT/EDIC, 
UKPDS, and ACCORD-Eye. Intensive glycemic control, 
particularly maintaining a glycated hemoglobin (HbA1c) 
below 7%, significantly reduces the risk of DR onset and 
progression. In the DCCT and its long-term follow-up 
EDIC, patients with type 1 diabetes who received inten-
sive glycemic treatment had up to 76% reduction in DR 
progression over 6.5 years, with sustained benefits de-
spite later convergence of HbA1c levels—an effect known 
as “metabolic memory”. Likewise, the UKPDS demon-
strated that 0.9% reduction in HbA1c among individuals 
with type 2 diabetes led to 25% decrease in microvascular 
complications, including DR. Furthermore, tight blood 
pressure control led to 37% reduction in the risk of vi-
sion-threatening events.(13,14)

However, rapid and intensive glycemic control—
particularly in patients with poor baseline metabolic 
control or advanced retinopathy—has been associat-
ed with early worsening of DR. This paradoxical effect, 
first observed in the DCCT and confirmed in subsequent 
studies such as ACCORD-Eye, is thought to result from 
abrupt changes in retinal blood flow, oxygenation, and 
osmotic gradients, potentially exacerbating ischemic 

and inflammatory responses in the retina. Therefore, 
glycemic targets should be approached gradually in 
high-risk individuals, with close ophthalmologic mon-
itoring to mitigate the risk of early retinal deterioration 
during initial metabolic adjustment.(13,15)

In addition to glycemia and blood pressure, lipid 
control has emerged as an important modifiable factor 
in DR progression. Fenofibrate, a peroxisome prolif-
erator-activated receptor-alpha (PPAR-α) agonist with 
lipid-modulating and anti-inflammatory effects, has 
shown consistent retinal protective effects across mul-
tiple trials. The FIELD study (16) demonstrated a reduc-
tion in the need for laser therapy for both proliferative 
DR and macular edema in patients with type 2 diabe-
tes treated with fenofibrate, regardless of baseline lip-
id levels. Similarly, the ACCORD-Eye study found that 
fenofibrate added to statin therapy reduced the risk of 
DR progression by 40% over four years, supporting its 
retinal benefit.

Most recently, the LENS trial (2024) further sub-
stantiated the protective role of fenofibrate in a re-
al-world population enrolled in the Scottish Diabetic 
Eye Screening program. Among 1,151 participants with 
early, non-referable DR or maculopathy, those random-
ized to receive 145 mg of fenofibrate daily experienced a 
27% reduction in the composite endpoint of progression 
to referable disease or need for ocular treatment (haz-
ard ratio [HR]: 0.73; 95% of confidence interval [95%CI] 
0.58-0.91). The drug also halved the risk of developing 
macular edema and showed favorable effects on overall 
DR progression, without significant impact on visual 
acuity or quality of life. These findings reinforce the role 
of fenofibrate as a systemic adjunct in the early stages of 
DR, especially in patients not yet requiring ophthalmo-
logic intervention.(17)

Mild to moderate non-proliferative 
diabetic retinopathy: strategy of active 
surveillance and systemic optimization
The management of mild to moderate NPDR primarily in-
volves active surveillance paired with rigorous systemic 
control. At these early stages, patients are generally as-
ymptomatic, and the main recommendation is periodic 
monitoring to detect early progression.

This conservative strategy is supported by evidence 
indicating that early invasive or pharmacological inter-
ventions, such as anti-VEGF injections, are not indicated 
for mild to moderate NPDR, except when center-involv-
ing DME is present.(6,12,18)
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Severe and very severe non-
proliferative diabetic retinopathy

Panretinal photocoagulation: indications 
based on ETDRS, optimal timing (early versus 
deferred), controversies, and current role
Panretinal photocoagulation (PRP) is traditionally re-
served for PDR but plays a role in severe and very severe 
NPDR, although this remains controversial. The ETDRS 
showed that early PRP in eyes with very severe NPDR re-
duced the risk of progression to high-risk PDR, particu-
larly in cases with poor follow-up reliability or imminent 
loss to follow-up. However, it also demonstrated that ear-
ly PRP in NPDR did not confer a significant visual benefit 
over deferred treatment and was associated with adverse 
effects, including reduced visual field and impaired dark 
adaptation.(4,18,19)

Thus, treatment decisions should be individualized, 
especially in public health systems with limited access 
and adherence.

Intravitreal anti-vascular endothelial growth 
factor therapy: evidence for prevention of 
progression to proliferative diabetic retinopathy 
and development of diabetic macular edema 
Intravitreal anti-VEGF therapy has been studied as a 
means of preventing progression from NPDR to PDR and 
the onset of DME, even in the absence of visual symptoms. 
Studies such as PANORAMA, Protocol W, and Protocol 
V(20, 21, 22) have provided strong evidence.

The PANORAMA trial evaluated aflibercept in pa-
tients with severe to very severe NPDR, showing 79% re-
duction in progression to PDR or DME compared to obser-
vation, with sustained benefit up to 100 weeks.(20) Protocol 

W, conducted by the DRCR Retina Network, demonstrat-
ed that early treatment with aflibercept in patients with 
moderate to severe NPDR without baseline DME signifi-
cantly reduced the risk of vision-threatening complica-
tions, including progression to proliferative DR and the 
need for vitrectomy. These findings support the role of 
anti-VEGF therapy as a preventive strategy in carefully se-
lected patients at high risk of disease progression.(21)

In contrast, Protocol V evaluated patients with cen-
ter-involving DME and good baseline visual acuity. The 
study found no meaningful advantage of immediate 
anti-VEGF treatment over observation with deferred 
therapy. These results emphasize the importance of in-
dividualized treatment decisions, suggesting that close 
monitoring may be a safe and effective approach for pa-
tients with preserved vision at presentation.(22)

Comparative analysis: panretinal photocoagulation 
versus anti-vascular endothelial growth factor in 
severe non-proliferative diabetic retinopathy 
In severe NPDR, the choice between PRP and anti-VEGF 
must balance efficacy, safety, cost-effectiveness, and pa-
tient adherence. Anti-VEGF requires frequent, costly injec-
tions and visits, while PRP, though less protective of central 
vision and peripheral field, often requires only one or a few 
sessions, favoring adherence and lower cost.(18,21,23)

MANAGEMENT OF PROLIFERATIVE 
DIABETIC RETINOPATHY

Panretinal photocoagulation 
PRP remains a mainstay treatment for PDR (Figures 3 and 4) 
and has been considered the historical standard since the 
Diabetic Retinopathy Study (DRS), which demonstrated a 

Figure 3. Fluorescein angiography showing mid-phase (A) and late-phase (B) images, highlighting characteristic leakage from 
neovascularization elsewhere (red triangle).
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50% reduction in the risk of severe vision loss in eyes treat-
ed with PRP compared to observation.(24) The ETDRS further 
supported early PRP benefits in high-risk PDR cases. The 
technique involves applying laser burns to the peripheral 
ischemic retina to reduce the angiogenic stimulus. Despite 
its proven efficacy, PRP is associated with adverse effects, 
including peripheral visual field loss, impaired night vi-
sion, and the potential exacerbation of macular edema.(4)

Nevertheless, PRP continues to play an essential role, 
particularly in patients with poor adherence to continu-
ous intravitreal therapies.

Intravitreal anti-vascular endothelial 
growth factor therapy as primary 
or adjunctive option

Anti-vascular endothelial growth 
factor monotherapy
Intravitreal anti-VEGF agents have emerged as effec-
tive alternatives to PRP for PDR. The DRCR.net Protocol 
S showed that ranibizumab was non-inferior to PRP in 

terms of visual acuity over two years, with a lower risk of 
developing DME and better preservation of visual field.
(25) The CLARITY study confirmed these findings, demon-
strating superior efficacy of aflibercept compared to PRP 
for visual improvement and neovascular regression.(26)

Treatment regimens vary and include monthly load-
ing doses followed by PRN (pro re nata) or Treat-and-
Extend maintenance. Among the available agents, bev-
acizumab, ranibizumab, and aflibercept are all effective, 
with aflibercept offering superior outcomes in patients 
with worse baseline visual acuity.(27)

Combination therapy (anti-vascular endothelial 
growth factor + panretinal photocoagulation)
Combining anti-VEGF with PRP has shown advantages in 
specific subgroups, particularly those at risk of treatment 
discontinuation. Initial anti-VEGF therapy facilitates rapid 
neovascular regression, allowing for more targeted and less 
aggressive PRP. This strategy is especially beneficial in cases 
with vitreous hemorrhage or optic disc neovascularization, 
where prompt angiogenic suppression is required.(6)

Figure 4. Color fundus photographs (A, D) showing proliferative diabetic retinopathy with neovascularization elsewhere (white 
triangle). Corresponding optical coherence tomography angiography B-scans (B, E) demonstrate the decorrelation signal and 
internal limiting membrane disruption caused by the NVE. Structural optical coherence tomography-angiography images (C, F) 
depict the NVE and associated areas of capillary nonperfusion (yellow asterisk).
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Advantages and disadvantages: anti-
vascular endothelial growth factor versus 
panretinal photocoagulation 
Anti-VEGF agents have emerged as a frontline treatment op-
tion in proliferative diabetic retinopathy (PDR), offering not 
only superior anatomical outcomes but also improved visual 
acuity and preservation of peripheral vision when compared 
to traditional laser therapy. These benefits are particularly evi-
dent in patients with concurrent DME, where anti-VEGF ther-
apy addresses both situations simultaneously. Additionally, 
studies have shown a lower incidence of vitrectomy and neo-
vascular complications with anti-VEGF treatment, reinforc-
ing its efficacy as a disease-modifying intervention.(25,26)

However, the success of anti-VEGF therapy is highly 
dependent on patient adherence to a regimen of frequent 
intravitreal injections and long-term follow-up, which may 
pose challenges in real-world settings. The cumulative fi-
nancial burden—both for healthcare systems and for pa-
tients—can be substantial, particularly in countries with 
limited access to biologics or reimbursement barriers.

On the other hand, PRP, a time-tested and widely 
available intervention, requires significantly fewer clini-
cal visits and has a lower overall cost. While PRP does not 
typically improve central visual acuity and may result in 
peripheral visual field loss, night vision impairment, and 
exacerbation of DME in some cases, it remains an effec-
tive strategy for inducing regression of retinal neovas-
cularization and reducing the risk of severe vision loss. 
In healthcare settings where patient compliance, access 
to specialized care, or logistical support are limited, PRP 
continues to play a critical role in managing PDR.(25,26)

Thus, the choice between anti-VEGF therapy and PRP 
should be individualized, balancing the patient’s clinical 
profile, visual demands, systemic comorbidities, and the 
capacity for sustained treatment adherence within the 
healthcare system.

Pars plana vitrectomy for complicated 
proliferative diabetic retinopathy 

Classical and Contemporary Indications
Pars plana vitrectomy (PPV) is indicated for complicated 
PDR cases, such as dense and persistent vitreous hem-
orrhage, tractional retinal detachment with or without 
rhegmatogenous component, tractional macular edema, 
and extensive fibrovascular membranes. The Diabetic 
Retinopathy Vitrectomy Study (DRVS) demonstrated the 
visual benefits of early PPV in eyes with recent vitreous 
hemorrhage, especially in patients with type 1 diabetes.(28)

Timing of surgical intervention
The optimal timing for PPV depends on vitreous opaci-
ty severity and risk of permanent retinal damage. DRVS 
findings showed that early PPV (within six months) re-
sulted in better final visual acuity compared to that of pa-
tients with bilateral vitreous hemorrhage and no useful 
vision.(28) Factors such as glycemic control, cardiovascular 
stability, and tractional detachment extent including or 
close to the macula influence the surgical decision.

Advanced surgical techniques
Advances in surgical technology have improved PPV safe-
ty and efficacy using smaller-gauge instruments (23G, 25G, 
27G), reducing operating time and postoperative inflamma-
tion. Dyes assist in identifying epiretinal membranes (ERM) 
and the internal limiting membrane. Intraoperative moder-
ate intensity endolaser is widely used, and preoperative an-
ti-VEGF injections decrease active neovascularization, facili-
tating dissection and minimizing intraoperative bleeding.(6)

The development of 3D electronic visualization 
screen systems, per operative OCT, high-speed cutters (up 
to 30,000 cpm), and efficient fluidics has expanded sur-
gical indications, including previously inoperable cases, 
and supports safer and faster visual recovery.(29)

Visual and anatomic outcomes, complications, 
and postoperative management
Visual outcomes after PPV in complicated PDR are general-
ly favorable when performed before macular involvement. 
Complications include recurrent hemorrhage, secondary 
rhegmatogenous retinal detachment, and ocular hyperten-
sion. Postoperative care requires close monitoring of intra-
ocular pressure, retinal integrity, and adjunctive treatments 
(anti-VEGF or PRP) when indicated. Visual rehabilitation 
may be prolonged, especially in cases with residual edema, 
retinal atrophy or significative macular damage.

MANAGEMENT OF DIABETIC MACULAR 
EDEMA

Diagnostic assessment and monitoring
The diagnostic assessment of DME is primarily based on 
OCT, the gold standard for measuring central macular 
thickness and identifying structural abnormalities such 
as intraretinal cystoid spaces, neurosensory detachment, 
and vitreomacular traction (VMT). Fluorescein angiog-
raphy (FA) remains useful for evaluating capillary perfu-
sion and identifying leakage sites, although its use has 
been partially replaced by OCT-angiography (OCT-A), a 



S17

Current evidence-based treatments for diabetic retinopathy

Rev Bras Oftalmol. 2025;84 (Supl. 3):ex0003.

non-invasive technique that provides high-resolution 
images of the retinal vascular plexuses. Technological 
advancements have made OCT-A increasingly integrated 
into routine clinical practice.

The combination of these tools allows for precise 
characterization of DME phenotypes and longitudinal 
therapeutic response monitoring. The presence of macu-
lar ischemia, often identified by enlargement of the foveal 
avascular zone (FAZ) on FA or OCT-A, serves as a prognos-
tic marker for poor functional outcomes.(30)

First-line anti-vascular endothelial 
growth factor therapy
Intravitreal anti-VEGF agents (bevacizumab, ranibizum-
ab, aflibercept and faricimab) are the first-line treatment 
for center-involving DME with decreased visual acuity. 
The RISE and RIDE studies demonstrated the efficacy and 
safety of ranibizumab, showing significant improvements 
in visual acuity and macular thickness.(31) Similarly, the 
VIVID and VISTA trials validated the use of aflibercept, 
particularly in patients with poorer baseline vision.(32)

DRCR.net Protocol T compared all three agents and 
found that aflibercept offered superior outcomes in pa-
tients with baseline vision of 20/50 or worse, while the 
agents were comparable in other subgroups.(27) Treatment 
regimens include monthly loading doses followed by PRN 
or Treat-and-Extend approaches.

Intravitreal corticosteroids
Intravitreal corticosteroids are indicated in cases that are 
refractory to anti-VEGF, pseudophakic patients, or when 
an inflammatory component is prominent. The dexa-
methasone implant (Ozurdex®) showed visual benefits 
and edema control lasting 4 to 6 months in the MEAD 
study.(33) The fluocinolone acetonide implant (Iluvien) 
was evaluated in the FAME study and provided sus-
tained efficacy for up to 36 months in chronic cases.(34) 

Triamcinolone acetonide, although effective, is off-label 
and associated with a higher risk of intraocular pressure 
elevation and cataract formation. DRCR.net Protocol U 
showed that combining anti-VEGF with dexamethasone 
improves anatomy but not visual outcomes.(35)

Focal/grid laser photocoagulation
Laser photocoagulation was a mainstay treatment for DME 
before the anti-VEGF era. The ETDRS demonstrated re-
duced risk of visual loss using focal laser in clinically signif-
icant macular edema. Today, laser plays an adjunctive role, 
indicated for non-center-involving DME, isolated leaking 

microaneurysms, or as a complement to other therapies. 
DRCR.net Protocol I showed that combining laser with ra-
nibizumab offered no additional benefit over anti-VEGF 
monotherapy, supporting its selective use.(24)

Diabetic macular edema without center 
involvement or with good visual acuity
In patients with non-center-involving DME and good 
visual acuity, observation may be a safe and effective 
option. DRCR.net Protocol V demonstrated that active 
monitoring without immediate treatment did not result 
in significant visual decline over two years, representing 
a valid alternative to early intervention.(36) Treatment de-
cisions should consider anatomical features, follow-up 
feasibility, and progression risk.

Surgical approach in diabetic macular edema 
Pars plana vitrectomy plays an important role in the man-
agement of selected cases of DME, particularly when there is 
a prominent mechanical component contributing to retinal 
thickening. Surgical intervention is primarily indicated in the 
presence of VMT, taut or thickened ERM, or in cases refractory 
to optimized pharmacologic therapy, including repeated an-
ti-VEGF or corticosteroid injections. In such scenarios, PPV 
can alleviate the anteroposterior or tangential tractional forc-
es exerted on the macula, promoting retinal reattachment 
and improved oxygenation of the inner retina.(37)

Several studies have shown that the surgical release 
of vitreomacular adhesion and peeling of ERM can lead to 
significant anatomical improvement and, in select cases, 
meaningful functional recovery—particularly in patients 
where traction is the predominant pathogenic mecha-
nism. However, visual prognosis depends on multiple fac-
tors, including the chronicity of the edema, the degree of 
photoreceptor damage, and integrity of the ellipsoid zone 
on spectral-domain OCT (SD-OCT). Therefore, surgical in-
dication should be individualized and based on detailed 
multimodal imaging, with OCT findings playing a central 
role in evaluating the presence and extent of traction, fo-
veal architecture, and surgical accessibility. The decision 
to proceed with PPV must also consider systemic factors 
such as glycemic control, ocular comorbidities, and the 
patient’s overall visual potential.(37)

In summary, while PPV is not the first-line therapy for 
most cases of DME, it remains a valuable option in cases 
with tractional pathology or treatment-resistant edema, 
offering anatomical stability and, in selected patients, 
functional improvement when pharmacologic options 
are insufficient.
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Biomarkers and predictive factors 
for treatment response
Optical coherence tomography-derived biomarkers, such 
as large intraretinal cysts, neurosensory detachment, and 
intraretinal hyperreflective foci, have been associated 
with a suboptimal anti-VEGF response.(38) Additionally, 
thickening of the inner plexiform layer and loss of the el-
lipsoid zone are correlated with a poorer visual prognosis. 
Emerging studies suggest that intraocular inflammatory 
profiles and cytokine levels, including VEGF, may help 
tailor personalized treatment strategies.

Treatment algorithm and management 
of refractory or suboptimal cases
Managing refractory DME requires an individualized ap-
proach. Patients unresponsive after 3 to 6 anti-VEGF in-
jections may benefit from switching agents or adding 
corticosteroids.(35) Anatomical assessment with OCT and 
identification of tractional or structural abnormalities guide 
the decision for surgical intervention. An effective treat-
ment algorithm should consider DME phenotype, systemic 
comorbidities, and treatment adherence, integrating phar-
macologic, surgical, and intensive follow-up strategies.(12)

EMERGING THERAPIES AND PERSPECTIVES

Novel pharmacological agents
Several novel pharmacological agents are being devel-
oped to improve the durability and efficacy of DR and 
DME treatment. Faricimab stands out as a bispecific an-
tibody targeting both VEGF-A and angiopoietin-2 (Ang-
2), approved for intravitreal use. Clinical trials such as 
YOSEMITE and RHINE demonstrated their non-inferi-
ority to aflibercept with longer dosing intervals, offering 
promise to reduce treatment burden.(39)

Sustained drug delivery systems
Sustained-release systems aim to reduce the frequency of 
intravitreal injections. The Port Delivery System (PDS), a 
surgically implanted, refillable reservoir delivering ranibi-
zumab, showed non-inferior results to monthly injections 
in the Archway trial.(40) Additionally, technologies involving 
nanoparticles and hydrogels are under investigation for 
controlled, less invasive drug release over weeks or months.

Non-invasive or minimally invasive 
therapeutic approaches
Non-invasive and minimally invasive therapies, such as 
eye drops and oral medications, are in development for 

DR and DME. Oral tyrosine kinase inhibitors and PPAR 
agonists have demonstrated effects on inflammatory and 
vascular pathways in preclinical and early human stud-
ies.(41) However, phase III trials are needed to confirm ef-
ficacy and safety.

Gene therapy
Gene therapy represents an innovative strategy to treat 
retinal diseases by enabling prolonged expression of 
therapeutic proteins following a single administration. 
Approaches under investigation involve subretinal or in-
travitreal delivery of viral vectors for sustained anti-VEGF 
expression. Early studies with RGX-314 and ADVM-
022 have shown safety and durable protein expression, 
though challenges remain regarding immunogenicity, 
response variability, and target tissue access.(42)

Artificial Intelligence and telemedicine
The integration of AI into teleophthalmology has emerged as 
a promising strategy to expand DR screening, particularly in 
regions with limited access to ophthalmic care. AI-assisted 
systems can automate the analysis of retinal fundus imag-
es, identifying referable DR and vision-threatening disease 
with high sensitivity and specificity. In conjunction with 
telemedicine, these tools enable the remote capture, triage, 
and interpretation of retinal images, reducing the need for 
in-person evaluation and increasing screening coverage 
(Figure 5). Food and Drug Administration (FDA)-approved 
systems such as IDx-DR, EyeArt, and AEYE demonstrate that 
AI-based screening can be effectively implemented in clini-
cal settings, with performance comparable to human grad-
ers when detecting more-than-mild DR.

Despite these advancements, significant challenges 
remain in the deployment of AI-assisted telemedicine 
programs. Many studies reviewed focus on high-income 
countries, with limited representation from low- and 
middle-income countries (LMICs), where the need for 
scalable screening tools is greatest. Moreover, the lack of 
transparency regarding dataset composition, model ar-
chitecture, and bias mitigation strategies raises concerns 
about generalizability and fairness. Biases in training data 
can result in inequitable performance across demograph-
ic groups, and the absence of post-deployment monitor-
ing may allow these disparities to persist. Effective imple-
mentation requires not only technical validation but also 
ethical oversight, ongoing recalibration, and integration 
with existing healthcare workflows.(43)

Economic evaluations suggest that AI-assisted DR 
screening can reduce costs compared to traditional 
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human-based approaches, particularly when using 
semi-automated models. However, the cost-effectiveness 
of these systems depends heavily on contextual factors 
such as greater salaries, IT infrastructure, and screening 
uptake. Moreover, the success of implementation relies 
on adequate internet access, training of local personnel, 
and patient engagement with digital platforms—fac-
tors that may vary widely across healthcare systems. 
Therefore, broader adoption of AI in telemedicine must 
be guided by robust evidence, inclusive development 
practices, and policies that promote equitable access to 
screening and treatment.(44)

SPECIAL CONSIDERATIONS IN CLINICAL 
PRACTICE

Management of diabetic retinopathy and 
diabetic macular edema during pregnancy
Pregnancy increases the risk of DR progression in wom-
en with preexisting diabetes, making ophthalmologic 
screening in the first trimester essential, followed by 
quarterly or severity-based monitoring. Although tight 
glycemic control is beneficial for the fetus, it may tran-
siently worsen DR, requiring specialized vigilance.(45) The 
use of anti-VEGF agents is generally contraindicated be-
cause of limited safety data for the fetus. In severe cases, 
corticosteroids may be cautiously considered.

Specific aspects of diabetic 
retinopathy in pediatric and young 
adult patients (type 1 diabetes)
Young patients with type 1 diabetes are at cumulative 
risk of developing DR over their lifetime, typically af-
ter five years of disease duration. Strict glycemic con-
trol from childhood, as demonstrated in the DCCT/

EDIC study, is crucial to delay DR onset and progres-
sion.(46) However, adherence to ophthalmologic fol-
low-up in this population can be challenging and in-
corporating psychosocial and educational support is 
key to effective care.

Interaction between cataract 
surgery and diabetic retinopathy/ 
diabetic macular edema
Cataract surgery in patients with DR or DME requires 
careful planning due to the risk of postoperative retinal 
decompensation. Phacoemulsification-induced inflam-
mation may exacerbate DME, particularly in moderate 
to severe NPDR. Studies indicate that prophylactic intra-
vitreal anti-VEGF or corticosteroids in the perioperative 
period can reduce this risk and improve both anatomical 
and visual outcomes.(47)

Importance of a multidisciplinary approach
The management of DR and DME extends beyond the 
domain of ophthalmology and requires coordinated, 
multidisciplinary care. Optimal control of disease pro-
gression is closely tied to systemic metabolic regulation, 
which underscores the essential role of endocrinolo-
gists in achieving and maintaining glycemic control, 
as well as in adjusting antidiabetic therapies based on 
disease severity and comorbidities. In patients with 
concurrent diabetic nephropathy, nephrologists are 
crucial for managing fluid balance, blood pressure, and 
renal function—factors that significantly influence 
retinal vascular homeostasis. Cardiologists contribute 
by addressing systemic hypertension, dyslipidemia, 
and macrovascular complications that are known risk 
factors for the progression of DR. Furthermore, prima-
ry care physicians and diabetes educators play a central 

Figure 5. Color fundus image (A) acquired using a portable handheld camera (Eyer, Phelcom, Brazil), and corresponding Artificial 
Intelligence interpretation with a map overlay (B).
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role in coordinating patient follow-up, reinforcing life-
style modifications, and ensuring long-term adherence 
to treatment plans.(14,15,48)

Growing evidence supports that interprofession-
al collaboration improves not only visual outcomes 
but also systemic disease markers, enhances patient 
satisfaction, and increases adherence to both oph-
thalmologic and systemic treatments. Studies have 
shown that patients managed within integrated care 
networks—where communication among specialties 
is standardized—are more likely to receive timely re-
ferrals, benefit from early detection of retinopathy, 
and demonstrate improved control of HbA1c, blood 
pressure, and lipid profiles. Therefore, the implemen-
tation of structured care pathways in diabetes centers, 
involving ophthalmologists as part of a broader chron-
ic disease management team, is essential to address 
the multifactorial nature of DR and DME. This holistic 
approach is particularly important in preventing irre-
versible vision loss and reducing the overall burden of 
diabetes-related complications.(14,15,48)

CONCLUSION

Summary of current evidence-
based recommendations for the 
management of diabetic retinopathy 
and diabetic macular edema
Current recommendations for managing DR and DME are 
supported by evidence from major clinical trials. For mild 
to moderate NPDR, close surveillance with strict systemic 
control is recommended. In cases of proliferative DR, both 
PRP and anti-VEGF therapies are effective, with the choice 
depending on individual patient profiles. These therapies 
may also be indicated for patients with severe or very severe 
NPDR. For center-involving DME, anti-VEGF agents are the 
first-line treatment, while corticosteroids are reserved for 
refractory cases or when anti-VEGF is contraindicated.

Major ongoing challenges
Despite therapeutic advances, several challenges remain. 
These include low adherence to treatment, limited access 
to intravitreal therapies in underserved regions, and high 
medication costs. Additionally, approximately 40% of DME 
patients do not respond satisfactorily to initial anti-VEGF 
therapy, requiring alternative approaches.(27) Educational 
initiatives, population-based screening strategies, and 
the incorporation of technologies such as AI may help 
overcome these barriers.

Future directions to optimize 
visual outcomes and quality of 
life in diabetic retinopathy
The future of DR and DME management is moving toward 
longer-lasting, personalized, and less invasive therapies, 
along with the integration of AI to predict risk and treat-
ment response. Gene therapy and long-acting delivery 
systems promise to reduce treatment burden, while mul-
tidisciplinary, patient-centered care approaches can im-
prove adherence and functional outcomes.(38) Investment 
in public health policies and equitable access to treat-
ment will also be essential.
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