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Abstract

Introduction and purpose: Diabetic retinopathy (DR) is a common complication of diabetes
mellitus, characterized by damage to the blood vessels in the retina. It is one of the leading
causes of blindness in adults worldwide. This article aims to explore the pathophysiology, risk
factors, basic rules of patient screening, DR classification and current treatment approaches
for DR, with the goal of improving awareness and understanding of this vision threatening
condition.

Materials and methods: A review was conducted in PubMed and Google Scholar including
publications regarding diabetic retinopathy and its’ pathogenesis, risk factors, classification,
screening and treatment. Literature was searched using the following terms: “diabetic
retinopathy pathogenesis and treatment”, “diabetic retinopathy screening”, “diabetic
retinopathy risk factors”, “vascular  endothelial growth factor inhibitors”, “laser
photocoagulation” and “vitrectomy”.

Brief description of the state of knowledge: DR is typically classified into two stages: non-
proliferative DR, where the retinal vessels leak fluid or bleed and proliferative DR,
characterized by the growth of abnormal blood vessels that can lead to retinal detachment or
hemorrhaging. Treatment for DR aims to slow disease progression and preserve vision.
Modern therapies include laser therapy, anti-VEGF injections and vitrectomy.

Conclusions: Prevention is the most effective way to avoid vision loss from DR. Maintaining
a healthy lifestyle, controlling blood glucose and blood pressure, as well as regular eye
examinations are essential for managing DR. Therapeutic interventions such as anti-VEGF
intravitreal injections, laser photocoagulation and vitrectomy proved to be very effective in
DR management. Early intervention with modern therapies, patients education and treatment

adherence are main factors in preventing severe outcomes of DR.

Introduction
Diabetes mellitus (DM) is such a worldwide prevalent disease that it has been considered a
civilization disease. It has a significant impact not only on life expectancy but especially on

its quality. Diabetic retinopathy (DR) is an ocular manifestation of organ failure associated



with prolonged high blood glucose levels and the leading cause of new cases of blindness in
working-age adults with DM worldwide. It is a common complication of both type 1 and type
2 diabetes. Diabetic eye disease affects as many as 34.6% of patients with diabetes. Vision-
threatening diabetic retinopathy affects 10.2% of this group [1]. As a general rule, more
frequent and severe ocular complications are seen in individuals with type 2 diabetes. With
the increasing global prevalence of DM, the burden of diabetic retinopathy continues to rise,
highlighting the importance of effective prevention, early detection, and advanced treatment
options. This article explores the pathophysiology, risk factors and current treatment strategies
for diabetic retinopathy, aiming to enhance awareness and understanding of this sight-
threatening condition.

Pathogenesis

Diabetic retinopathy (DR) is a microangiopathy in which hyperglycemia plays a crucial role
in the pathogenesis of retinal microvascular damage. The initial reaction of retinal blood
vessels to high blood glucose levels is their dilation [2]. Apart from that, hyperglycemia leads
to thinning of the superficial layer of the endothelial cells (glycocalyx). This results in the loss
of their antithrombotic, profibrinolytic and vasodilatory functions. Pericyte loss is another key
early event in diabetic retinopathy. Studies have shown that high glucose levels trigger
apoptosis of pericytes, both in vitro and in vivo [3,4]. Pericytes are essential for providing
structural support to capillaries, so their loss leads to regional bulging of capillary walls. This
process is linked to the development of microaneurysms, which is considered to be the first
noticeable clinical indicator of DR. As a consequence, the pericytes and endothelial cells can
no longer perform their protective roles leading to impairment of the blood-retina barrier
(BRB), which is critical for maintaining the integrity of the retinal vasculature. These
aforementioned factors contributes to the development of vascular abnormalities such as
increased permeability, capillary occlusion, ischaemia and the formation of microaneurysmes,
all of which are characteristic features and one of the earliest clinical signs of diabetic
retinopathy.

Another important factor that plays an enormous role in diabetic retinopathy, specifically in
proliferative diabetic retinopathy (PDR) and diabetic macular edema (DME) pathogenesis and
progression is vascular endothelial growth factor (VEGF). Retinal ischemia or hypoxia
triggers the upregulation of VEGF through the activation of hypoxia-inducible factor 1 (HIF-
1), which leads to the development of abnormal blood vessels in the retina [5]. VEGF is
known to contribute to this process by affecting tight junction proteins (such as occludin and

zonula occludens-1) causing their phosphorylation and thus increasing vascular permeability.



Additionally, VEGF stimulates mitogen-activated protein (MAP), which is responsible for
promoting the proliferation of endothelial cells [6]. The activation of these signaling pathways
is crucial for stimulating endothelial cell growth, contributing to the formation of new blood
vessels, a process known as neovascularization. This abnormal growth of new blood vessels is
a characteristic feature of PDR, a more advanced stage of DR, and is also associated with
DME, which causes fluid buildup in the macula and leads to vision problems. Increased
VEGF expression has been detected in various studies, including in the retina of diabetic
mouse models and in the vitreous of patients suffering from DME and PDR [7-9]. This
suggests that VEGF plays a significant role in driving the pathological changes seen in these
conditions.

In addition to VEGF, there are other angiogenic factors, which are also involved in regulating
the retinal vasculature. One such group includes angiopoietins (Ang-1 and Ang-2), which are
critical for the stability and function of blood vessels. These factors act through the interaction
with the endothelial receptor tyrosine kinase Tie2, which is found on the surface of
endothelial cells lining the blood vessels. Ang-1 generally functions to promote vessel
stability and protect endothelial cells, helping maintain vascular integrity. It binds to Tie2,
leading to the stabilization of blood vessels. Ang-2, on the other hand, acts as an antagonist to
Ang-1 by binding to the Tie2 [10] receptor resulting in promoting vascular leakage and
destabilization of the vasculature. In the context of diabetic retinopathy, Ang-2 has been
shown to contribute to the increased vascular permeability observed in the retina, particularly
under conditions of retinal ischemia or hypoxia. Studies in diabetic rat models have
demonstrated that elevated levels of Ang-2 can induce vascular leakage in the retina, leading

to the development of retinal edema, a characteristic feature of DME [11].

Inflammation is a crucial factor in the development of diabetic retinopathy. Persistent, low-
level inflammation has been observed at various stages of DR both in diabetic animal models
as well as in human patients [12,13]. A key early event in DR is leukostasis, which refers to
the accumulation of leukocytes in the retinal microvasculature, which can impair retinal blood
flow and lead to further complications like retinal hypoxia. Schroder and colleagues were the
first to describe that monocytes and granulocytes obstructs retinal blood vessels in rats with
streptozotocin (STZ) induced diabetes [14,15]. They found that leukocyte adherence to retinal
blood vessels occurred as soon as three days after diabetes was induced in the rats.
Furthermore, they observed that this increased leukostasis was closely associated with

endothelial damage contributing to the breakdown of the BRB, causing the leakage of fluid



and proteins into the retina. Further research revealed that leukostasis plays a significant role
in endothelial cell damage and the breakdown of the BRB via the Fas (CD95)/Fas-ligand
pathway [16]. Moreover, the expression of leukocyte adhesion molecules b2-integrins (such
as CDl11a, CD11b, and CD18) on leukocytes is increased, allowing leukocytes to bind tightly
to endothelial cells, which results in leukostasis both in diabetic rats and patients [14,15]. On
the endothelial cells themselves, molecules like ICAM-1 (intercellular adhesion molecule-1),
VCAM-1 (vascular cell adhesion molecule-1), and E-selectin are also upregulated [12,17,18].
These molecules interact with the leukocyte adhesion molecules and facilitate the binding of
leukocytes to the vessel walls. E-selectin and VCAM-1 are especially significant because their
expression in the plasma of diabetic patients has been shown to correlate with the severity of
DR [12]. High levels of these molecules indicate more severe inflammation and greater

leukocyte adhesion, both of which contribute to retinal damage and disease progression.

Chemokines are a subset of cytokines that primarily function to attract and activate immune
cells such as monocytes, neutrophils, and T cells. In the context of DR, chemokines contribute
to the inflammatory response by promoting the recruitment of leukocytes to the retinal
vasculature, where they can cause further endothelial damage and break down the BRB.
Monocyte chemotactic protein-1 (MCP-1) is one of the most studied chemokines in DR. It
binds to the CCR2 receptor on monocytes, promoting their migration across the endothelial
layer of retinal blood vessels into the retina. In diabetic patients, MCP-1, as well as
macrophage inflammatory protein-1 alpha (MIP-1a) and MIP-1f levels are significantly
elevated [19], contributing to leukocyte infiltration into the retina and subsequent damage to
the retinal microvasculature and exacerbation of the vascular leakage. The increase in MCP-1
expression correlates with the severity of DR, suggesting that it plays a role in a disease
progression. Studies have shown that mice deficient in MCP-1 exhibit reduced retinal
vascular leakage and less leukocyte infiltration [20]. This suggests that targeting MCP-1 or its
receptor could offer potential therapeutic benefits for reducing inflammation and vascular
damage in DR. Additionally, the levels of inflammatory cytokines such as tumor necrosis
factor alpha (TNF-a), interleukin 6 (IL-6), IL-8, and interleukin 1 beta (IL-1P3) were found to
be noticeably elevated in diabetic patients, and their expression level was closely correlated

with the severity of diabetic retinopathy [21,22].

What is also worth elaborating on is that retinal glial cells like microglia, Miiller cells, and

astrocytes are believed to contribute to retinal inflammation and thus play critical role in



maintaining retinal homeostasis [23]. Under normal conditions, these retinal glial cells work
together to maintain retinal health and homeostasis. They protect neurons from damage,
regulate blood flow, and help with waste disposal. Miiller cells take part in recycling
neurotransmitters and controlling water balance. Astrocytes ensure the integrity of the BRB,
while microglia are quick to become activated in response to injury or disease. In diabetic
retinopathy, especially under conditions of hyperglycemia, these glial cells become
dysregulated and contribute to inflammation. Once activated, microglia shift from their
protective functions to inflammatory roles. They begin to secrete proinflammatory cytokines
such as TNF-a, IL-6, MCP-1, and VEGF [24]. As the disease progresses, other retinal glial
cells, such as Miiller cells and astrocytes, become involved in the response by producing
proinflammatory mediators [23]. Additionally, Miiller cells are involved in the formation of
"gliosis" (a scar-like tissue formation) in the retina which can disrupt its normal function and

further exacerbate the inflammatory response.

Risk Factors

The risk factors for diabetic retinopathy include a combination of modifiable and non-
modifiable factors. The duration of the underlying disease is initially the most important non-
modifiable risk factor for the development of diabetic retinopathy. The main modifiable risk
factors, on the other hand, are the level of blood glucose and blood pressure. Effective control
of these factors can prevent or delay the onset or progression of diabetic eye disease.
Prolonged hyperglycemia with high values has a crucial impact on the progression of
retinopathy. The longer it lasts and the higher its levels, the greater the risk of worsening the
patient's condition. After changes are diagnosed in the retina, the duration of the disease is
considered a less significant factor in predicting progression to later stages of DR than blood
glucose control [25,26]. Increased levels of glycated hemoglobin (HbA1c) are associated with
an increased risk of DR progression and macular edema development [27, 28]. Maintaining
strict control of blood sugar is critical for reducing the risk of developing or worsening
diabetic retinopathy. The Diabetes Control and Complications Trial found a significant link
between the risk of DR and average HbAlc levels: a reduction of about 10% in HbAlc was
associated with a 39% decrease in the risk of retinopathy progression [29]. Additionally, a
long-term follow-up demonstrated that tight blood glucose control reduce the incidences of
progression of severe non-proliferative diabetic retinopathy (NPDR), proliferative diabetic
retinopathy and macular edema [30]. For most people with diabetes, a level of HbAlc of <7%

is recommended [31].



What is more, uncontrolled high blood pressure increases the risk of developing diabetic
retinopathy and can accelerate its development. Intensive and tight management of blood
pressure through medication and lifestyle changes is critical for reducing risk and delaying the
progression of DR [32,33]. However, the Cochrane review indicated that, although intensive
blood pressure control reduced the risk of developing DR, it had no significant effect on the

progression of existing DR when compared to less strict blood pressure control measures [32].

Elevated serum cholesterol and triglyceride levels are a known risk factor for the development
and progression of diabetic retinopathy. Moreover, the presence of hard exudates in the retina
correlates with elevated cholesterol levels in the serum. Hard exudates in the macula promote
the development of subretinal fibrosis, increasing the risk of vision loss. The ACCORD
(Action to Control Cardiovascular Risk in Diabetes) trial examined the effects of tight blood
sugar control and treatment for dyslipidemia in patients with type 2 diabetes [34]. The results
showed that combining strict glycemic control with fenofibrate and simvastatin therapy
slowed the progression of DR, compared to the combination of simvastatin and a placebo.
The FIELD (Fenofibrate Intervention and Event Lowering in Diabetes) study also proved that

fenofibrate treatment led to a reduced need for laser treatments in patients with DR [35].

The mechanism of retinopathy development during puberty is associated with the release of
certain growth-related hormones, including insulin-like growth factor 1 (IGF-1) and growth
hormone. It was shown that in patients with type 1 diabetes, the severity of DR is inversely
related to serum IGF-1 levels, meaning that lower IGF-1 levels are associated with more
severe DR [36]. Adjusted IGF-1 levels, considering disease, age, and sex, could complement
HbAlc in predicting long-term outcomes for children and adolescents with type 1 diabetes

[37].

Being overweight or obese increases the risk of developing type 2 diabetes and worsens
diabetes control. Weight loss and maintaining a healthy body weight and corrects body mass
index can significantly reduce the risk of DR [38]. Smoking damages blood vessels and can
exacerbate the development of diabetic retinopathy [39]. Smokers with diabetes are more
likely to develop DR, and quitting smoking is highly beneficial in reducing this likelihood.
Another risk factor associated with the detrimental effect (threatening diabetic macular edema
and reducing the effectiveness of laser therapy) is connected with kidney damage

accompanied by albuminuria and anemia [40]. It is believed that the progression of macular



edema in these cases is due to a decrease in osmotic pressure and autoregulatory vessel

dilation as a result of chronic retinal hypoxia.

During pregnancy, retinopathy may progress due to hormonal changes and the associated
poorer metabolic control. Pregnancy is sometimes the cause of rapid progression of DR.
Predisposing factors include ineffective glycemic control before pregnancy, overly intensive
control in early pregnancy, as well as the development of preeclampsia and fluid balance
disturbances [41]. The risk of progression depends on the severity of DR in the first trimester.
Monitoring for DR during pregnancy should be performed monthly. Diabetic macular edema
usually resolves spontaneously after delivery and does not require treatment if it develops in
the later stages of pregnancy. Regular monitoring is important during pregnancy to catch early

signs of progression [42].

Diabetic Retinopathy Classification

The classification of DR is typically based on the severity of the retinal changes, which range
from mild signs of disease to severe stages with risk of vision loss. The two main
classification systems used are the Early Treatment Diabetic Retinopathy Study (ETDRS)
grading system and the International Clinical Diabetic Retinopathy (ICDR) scale. The
ETDRS grading system is widely used to classify diabetic retinopathy based on the
appearance of retinal changes observed during clinical examination, particularly through
fundus photography. While the ETDRS grading scale provides an accurate and structured
approach to assessing diabetic retinopathy, its complexity limits its practical use in daily
clinical settings. It is particularly beneficial in research environments where precision and
consistency are paramount. However, for routine clinical practice, simpler, faster grading
systems such as ICDR are often preferred, allowing ophthalmologists to make decisions in

real-time without the need for extensive training or detailed image analysis [43].



Table 1. The Early Treatment Diabetic Retinopathy Study (ETDRS) Grading System

Grade | Stage of Diabetic Retinopathy Description

10 No Diabetic Retinopathy No detectable signs of diabetic retinopathy.
Retina appears normal, no hemorrhages,

microaneurysms, or other changes.

20 Mild NPDR Presence of microaneurysms.
No other significant retinal changes.
No hemorrhages, exudates, or macular

edema.

35 Moderate NPDR Increased microaneurysms, retinal
hemorrhages, and slight vascular changes.

No neovascularization or macular edema.

43 Severe NPDR Significant microaneurysms, retinal
hemorrhages, venous beading (widening of
blood vessels). Presence of cotton wool

spots and hard exudates. No proliferative

changes.
60-85 Proliferative Diabetic Neovascularization at the optic disc or
Retinopathy (PDR) retina. Risk of vitreous hemorrhages, retinal

detachment, and severe vision impairment.

DME Diabetic Macular Edema Swelling or fluid leakage in the macula
(central retina), leading to blurred central
vision. DME can occur at any stage of
diabetic retinopathy, but particularly

concerning in advanced stages.

The ICDR classification is another common method used for grading DR, with a focus on
clinical and fundoscopic findings. The ICDR scale was developed to make the classification
of DR more accessible and practical for daily clinical use by ophthalmologists and primary
care physicians. The ICDR scale condenses the 14 levels of the ETDRS scale into just 5
severity levels, making it easier to apply in clinical settings. It helps clinicians assess the

severity of the disease, plan appropriate treatments, and track the progression of DR. The
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ICDR scale was created through an international consensus workshop held in 2002, which
involved experts from various countries. It was based on the data from the ETDRS and
WESDR (Wisconsin Epidemiologic Study of Diabetic Retinopathy) and was designed to
simplify the process of diagnosing and managing DR. The system divides DR into non-
proliferative (NPDR) and proliferative stages (PDR), with diabetic macular edema as a

separate complication.

The first subcategory of non-proliferative DR is Mild NPDR with the presence of
microaneurysms (small, localized bulges or swellings in the walls of the retinal blood vessels
appearing as tiny red dots scattered in the retina) without other significant changes and no
visual impairment at this stage. The second one is Moderate NPDR with increased
microaneurysms, hemorrhages (dot/blot), and retinal edema, which can affect vision. The last
stage of NPDR is Severe NPDR with marked retinal hemorrhages, cotton wool spots
(microinfarctions of the retinal nerve fiber layer) and extensive areas of ischemia. Venous
beading or large areas of non-perfused retina may be seen. What is worth mentioning is that
there is a risk of significant vision loss, requiring close monitoring and potential intervention.
Proliferative Diabetic Retinopathy (PDR) divides into Early PDR characterized by
neovascularization (growth of new, abnormal blood vessels) forming on the retina (NVE —
neovascularisation elswhere) or optic disc (NVD — neovascularisation of the disc). The new
vessels are fragile and prone to bleeding. There is a risk of vitreous hemorrhage, which can
obscure vision. The second subcategory is High-risk PDR with extensive neovascularization,
leading to vitreous hemorrhages, retinal detachment, and possible scar tissue formation that
distorts the retina. This stage requires immediate medical intervention (e.g., laser
photocoagulation, anti-VEGF therapy). Without treatment, there is a high likelihood of

serious vision impairment or severe vision loss.

Diabetic Macular Edema (DME) is a complication of DR that can occur at any stage but is
most often seen in more advanced stages of DR (especially moderate to severe NPDR and
PDR).

It refers to the swelling or edema of the macula (the central part of the retina responsible for
sharp, detailed vision). DME can lead to central vision loss resulting in great difficulty with
tasks that require fine vision, like reading, thus making it a major cause of visual impairment.
Macular edema is classified separately because it can occur in isolation, without other signs of

diabetic eye disease. It can also affect all types of retinopathy. As a result of the damage to the

11



BRB, fluid accumulates around the macula. There are two types: diffuse edema, where
massive leakage occurs from capillaries, and localized edema [44], caused by focal leakage

from grouped microaneurysms. Hard exudates indicate the presence of current or previous

macular edema.

Table 2. The International Clinical Diabetic Retinopathy (ICDR) Scale

Stage

Description

Clinical Findings

Stage 0: No Diabetic
Retinopathy

No signs of diabetic retinopathy.

Retina appears normal with
no abnormalities.

Stage 1: Mild Non-
Proliferative Diabetic
Retinopathy (NPDR)

Early stage of DR with minimal
retinal changes.

- Microaneurysms (small,
localized dilations of blood
vessels).

Stage 2: Moderate Non-
Proliferative Diabetic
Retinopathy (NPDR)

Moderate retinal changes, with
some visual disturbances
possible.

- Microaneurysms more
numerous.

- Dot and blot hemorrhages.
- Hard exudates.

- Venous beading.

Stage 3: Severe Non-
Proliferative Diabetic
Retinopathy (NPDR)

Significant damage to the retina
with a high risk of progression to
proliferative diabetic retinopathy
(PDR).

- More than 20 intraretinal
hemorrhages in each of four
quadrants.

- Extensive venous beading
in two or more quadrants.

- Intraretinal microvascular

abnormalities (IRMA) in

one or more quadrants.
Stage 4: Proliferative Advanced DR with new, - Neovascularization.
Diabetic Retinopathy abnormal blood vessel growth - Vitreous hemorrhage.
(PDR) (neovascularization). - Retinal fibrosis and

scarring.

Stage 5: Diabetic
Macular Edema (DME)

Fluid accumulation in the macula
leading to vision impairment. Can
occur at any stage of DR but is
most common in later stages.

- Swelling of the macula.
- Blurred or distorted central
vision.

DR progresses in a sequential manner — from the mildest changes to the most advanced stages
if appropriate medical interventions are not implemented. A large area of retinal changes,
elevated vessels, and fibrosis contribute to a poor prognosis. Advanced neovascularization
leads to the development of tractional retinal detachment and neovascular glaucoma.
Hemorrhages into the eyeball are associated with hypoglycemic episodes, physical exertion,

and direct trauma.
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Screening

Screening for DR is essential for early detection and timely treatment to prevent vision loss.
The primary goal of screening is to identify patients with DR before symptoms develop.
Individuals receiving treatment for diabetes should undergo an eye examination at least once a
year. For those with type 1 diabetes, the first annual eye exam is recommended 5 years after
diagnosis. Due to the difficulty in determining the exact onset of type 2 diabetes, eye exams
for these patients should take place as soon as the condition is diagnosed. If any abnormalities

are found in the fundus, the frequency of follow-up visits is typically increased.

Severe NPDR follows a similar course to PDR, and both are characterized by a very high risk
of progression. For this reason, follow-up visits every 2-4 months are essential to initiate
treatment at the appropriate time. Particular attention should be given to high-risk PDR, which
can be identified based on three out of the following four changes: neovascularization at any
location, neovascularization on the optic disc or in its immediate vicinity, neovascularization
of at least moderate degree (defined as new retinal vessels covering an area at least the size of
half the optic disc, new vessels on the optic disc and/or within a radius of one optic disc
diameter, covering an area between one-quarter and one-third of the optic disc surface) or
intraretinal hemorrhage or hemorrhage into the vitreous body [63]. Visit schedules should be
adjusted individually, taking into account the rate of retinopathy progression, the patient's

overall condition, and the presence of other complications.

Pregnancy can increase the risk for the development and progression of DR in women with
preexisting diabetes (both type 1 and type 2). As far as pregnant women with diabetes are
concerned, they should undergo preconception eye exam and then should be monitored every
trimester throughout the pregnancy for the development or progression of DR [43]. For
women who develop gestational diabetes mellitus (GDM) during pregnancy (diabetes that is
first diagnosed during pregnancy and typically resolves after childbirth), the risk of
developing DR is not significantly higher compared to women who do not have diabetes. As
such, eye exams are generally not required for women with GDM unless other risk factors for
eye disease are present. GDM typically does not cause the same long-term retinal damage as
preexisting diabetes, as the condition usually resolves after delivery. However, these women
should still be monitored for the development of type 2 diabetes in the future, as they are at

higher risk of developing diabetes later in life.
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Table 3. Screening recommendations for diabetic retinopathy in different patient

populations

Diabetes Type

When to Start Screening

Frequency

Type 1 Diabetes

After 5 years of diagnosis (or age

10)

Annually, or more frequently

if needed

Type 2 Diabetes

At the time of diagnosis

Annually, or more frequently

if needed

Women with pre-
existing diabetes
who plan pregnancy
or who have become

pregnant

Before pregnancy or in the first

trimester

Every trimester during
pregnancy to monitor DR

progression

Gestational Diabetes

No routine eye exams needed, as GDM typically does not cause DR

Mellitus (GDM) or retinal complications. Eye exams only if there are additional risk
factors or signs of DR.

High Severe NPDR or PDR present Every 3-6 months

Risk/Progression

Treatment

In modern times, the most commonly performed procedures for treating diabetic retinopathy
are retinal laser therapy, intravitreal injections of anti-VEGF or corticosteroids, and
vitrectomy. To achieve the best possible outcomes, therapies are often combined, thereby

intensifying the treatment. The selection of the appropriate therapy depends on the severity of

the retinopathy symptoms and the presence and extent of macular edema.

It is often observed that visual acuity remains good despite the presence of macular edema. In
such cases, intervention is typically withheld unless vision deteriorates to a level of 0.7. These

patients should be monitored every 2 to 4 months [45]. Currently, the main treatment for
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macular edema is intravitreal injections of anti-VEGF agents. VEGF is a pro-inflammatory
factor that stimulates the formation of new blood vessels in the retina and increases vascular
permeability, leading to fluid accumulation in the macula. The most commonly used VEGF
inhibitors in ophthalmology are bevacizumab (Avastin), aflibercept (Eylea), and ranibizumab
(Lucentis). A new drug that has been introduced for the treatment of DR is brolucizumab
(Beovu). The goal of intravitreal injections is to reduce or eliminate macular edema and
improve vision. Numerous studies have shown that anti-VEGF therapy is more effective than
the previously used focal laser therapy as a first-line treatment. The Diabetic Retinopathy
Clinical Research (DRCR) Protocol T, a randomized clinical trial conducted at multiple
centers, compared the effectiveness of bevacizumab, aflibercept, and ranibizumab. The study
demonstrated that these medications are effective treatments for DME. No significant
difference was found between the drugs in terms of vision loss to a level of 0.5 due to macular
edema. However, aflibercept proved to be most effective when the vision deterioration ranged
from 0.4 to 0.06 [46]. According to DRCR guidelines, if macular edema is detected, it is
recommended to begin monthly injections of aflibercept for 4 to 6 months. Treatment can be
stopped if the macular edema is eliminated or visual acuity reaches 1.0 and no further
improvement in vision or central retinal thickness is observed. If vision or central retinal
thickness worsens during follow-up visits, injections should be reinitiated. If there are no
indications for further injections, monitoring appointments may be scheduled every 4 months.
As mentioned before, intravitreal anti-VEGF injections remain the first-line treatment for
DME. In some cases, focal laser therapy may be considered afterward if persistent areas of
edema are observed. Gross et al. [47] demonstrated that anti-VEGF treatment is at least as
effective as photocoagulation in patients with and without DME, while Sivaprasad et al. [48]
found that anti-VEGF treatment is more effective in patients without DME. Apart from that, it
has been demonstrated that therapy with ranibizumab, aflibercept or bevacizumab, in
combination with or without focal laser therapy, leads to better outcomes than using laser
treatment alone [49-52]. On January 2022, the U.S. Food and Drug Administration (FDA)
approved a new drug, faricimab (Vabysmo) for the treatment of DME. The YOSEMITE and
RHINE studies showed comparable therapeutic effects when administering aflibercept and
faricimab every 8 weeks [53]. This new drug is a humanized monoclonal antibody that works
in two ways, inhibiting angiopoietin-2 and VEGF. On July 2022, the European Medicines
Agency (EMA) gave a positive opinion on Vabysmo, recommending the drug for market

authorization in Europe.
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A serious complication of intravitreal anti-VEGF injections is endophthalmitis (infection
inside the eye), which has been reported in clinical trials with an incidence ranging from
0.019% to 0.09% of cases [54]. The local application of povidone-iodine during the injection
is necessary to effectively reduce the risk of endophthalmitis. Routine use of antibiotic eye
drops before or after the intravitreal injection is not recommended, as it has not been proven
to prevent the development of endophthalmitis [55]. Other complications, such as increased
intraocular pressure, cataract development, or worsening of retinal traction, are rarely

observed.

Laser photocoagulation has long been known as the standard treatment for both DME and
PDR prior to the introduction of anti-VEGF therapies. As demonstrated in the Early
Treatment Diabetic Retinopathy Study (ETDRS), focal/grid macular laser treatment has
proven effective in reducing macular edema and lowering the risk of significant vision loss by
50% over three years [56]. Panretinal photocoagulation (PRP) has also been commonly used
to manage PDR, significantly lowering the risk of severe vision loss, particularly in high-risk
cases involving complications like vitreous hemorrhage [57]. While the exact mechanisms by
which laser therapy alleviates DME and promotes neovascular regression remain unclear, it is
believed that the therapy works by directly closing leaking microaneurysms, decreasing
retinal blood flow (which reduces retinal tissue damage and improves oxygenation), and

possibly stimulating the retinal pigment epithelium (RPE) [58,59].

In the case of focal macular edema diagnosed outside the foveal area, focal laser treatment is
recommended. A moderate laser beam intensity should be used, targeting specific
microaneurysms and avoiding the foveal vasculature within a radius of at least 500 um [60].
A rare but dangerous complication of focal laser therapy is the development of subretinal
fibrosis and choroidal neovascularization, which can lead to permanent vision loss [61].
Paracentral scotomas may also form if the laser was applied too close to the fovea, or central
scotomas may occur due to human error. In some cases, after many years, the area treated
with the laser may expand. For this reason, some authors believe that the use of micropulse
laser causes less damage to the macula. However, a recent meta-analysis by Wu et al. did not
show any differences in visual acuity outcomes between conventional and micropulse laser

therapy [62].

Rapid and effective panretinal photocoagulation (PRP) prevents significant vision

deterioration in patients with high-risk proliferative diabetic retinopathy - neovascular
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changes are usually observed to regress [63]. The DRCR Protocol S study, based on a 2-year
follow-up, demonstrated that a series of anti-VEGF injections could yield comparable results
to PRP [47]. In patients receiving anti-VEGF injections, macular edema and peripheral vision
loss were less frequently observed compared to those who underwent PRP. Nevertheless, in
patients who continued treatment but had insufficiently administered anti-VEGF injections,
visual acuity and anatomical outcomes were poorer than in the PRP group [64]. What is more,
individuals with PDR who received PRP and were lost to follow-up for more than 6 months
showed better anatomical and functional outcomes compared to those treated with anti-VEGF
therapy [65]. This indicates that anti-VEGF therapy, as an alternative to PRP, is a risky choice,
as treatment success is directly related to patient adherence to scheduled follow-up visits. The
Early Treatment Diabetic Retinopathy Study (ETDRS) guidelines for PRP recommend
performing 1200 to 1600 laser burns spaced half a disc diameter apart, with a laser duration of
0.1 seconds, creating a moderate whitening of the retina. When narrowing the area of PRP, it
is crucial to ensure that the lesions are made at least two disc diameters from the fovea [66].
Additional PRP treatments or anti-VEGF injections are recommended when
neovascularization does not regress - if it becomes more severe, appears in new locations, or
when recurrent hemorrhage into the vitreous occurs. ETDRS studies also showed that early
use of laser therapy reduces the risk of severe vision loss and the need for vitrectomy by 50%.
The side effects of PRP, due to its destructive nature and permanent damage to retinal cells,
include macular edema, visual field constriction, delayed dark adaptation, reduced
accommodation, and mydriasis. Combining laser therapy with anti-VEGF injections is a

possible treatment option for patients with concurrent macular edema.

DME can also be treated with intravitreal corticosteroids. Topical administration in the form
of eye drops or peribulbar injections do not show therapeutic effects [67]. Intravitreal
injections of triamcinolone acetonide and long-acting drug release implants such as
dexamethasone (Ozurdex; duration of action up to 6 months) and fluocinolone acetonide
(Iluvien; duration of action up to 3 years) are used. However, steroids remain a second-line
treatment due to frequent complications, cataract progression, and elevated intraocular
pressure (IOP). In the two-year follow-up of the DRCR Protocol I trial, intravitreal
administration of triamcinolone increased IOP in 50% of patients, and cataract surgery was
required in 59% of patients [68]. They are primarily administered to pseudophakic patients
who have contraindications to other methods of treating macular edema or in whom other

therapies have not been effective.
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Vitrectomy should be considered when there is a suspicion that the lack of transparency

in the central areas is affecting vision quality and treatment outcomes. Observations may
include non-resolving vitreous or intraretinal hemorrhages, as well as massive fibrovacular
proliferations and tractional retinal detachments that threaten or involve the macula.

The benefits of performing vitrectomy earlier are greater the more extensive the
neovascularization is [67]. Surgical intervention is also indicated when disease activity is
observed despite proper PRP treatment or anti-VEGF injections. In the case of vitreous
hemorrhage, an ultrasound examination is recommended to detect any potential retinal
detachment. Additionally, the preoperative administration of an intravitreal anti-VEGF agent
provides benefits such as a shorter surgery time, reduced intraoperative bleeding, and a lower
risk of postoperative vitreous hemorrhage [69,70]. It is important to consider the potential
complications associated with vitrectomy, including vitreous hemorrhage, retinal tear

or detachment, worsening visual acuity, cataract progression and endophthalmitis.

Conclusions

Despite the availability of advanced modern treatments, prevention remains the most effective
approach to avoiding vision loss in diabetic eye disease. If left untreated, DR leads to
blindness, which has a significant social and economic consequences for patients and their
families. It is essential to remember that in treating patients with DR, maintaining a healthy
lifestyle, controlling blood glucose levels, managing blood pressure, and conducting regular
eye exams are of utmost importance. When therapy is necessary, it should be initiated as early
as possible using modern treatment methods to prevent the severe outcomes of disease
progression. Early intervention is most effective, so patients should be made aware that
treatment is most successful during the initial stages of the condition. Diabetic patients often
see multiple specialists, making clear communication and coordination of care vital to
achieving the best treatment results. General practitioners and diabetologists should be aware
of the need to refer diabetic patients to an ophthalmologist for routine monitoring. Given that
current therapies often require multiple visits and continuous monitoring, educating patients
about the benefits of regular eye exams is critical. A lack of patient engagement in the
treatment process leads to poorer adherence to medical recommendations. Patients need to
understand what DR is and be aware of the consequences associated with neglecting
ophthalmologist advice. Proper patient education can also reduce the need for more invasive

medical interventions, yielding significant savings for both the patient and the healthcare
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system. There is no doubt that proper education, prevention, and modern treatment methods
play a crucial role in reducing the consequences of diabetic eye disease, including decreased

productivity and human suffering.
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