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PREFACE
We are proud to present our book titled “Diabetic Retinopathy and Diabetic 
Macular Edema” to our esteemed scientists and readers. In this book, we aim to 
approach diabetic retinopathy and maculopathy from every angle. We wanted 
to discuss about the diagnosis and treatments that have applied in diabetic 
retinopathy until today and are promising in the next process. 

As it is known, diabetic retinopathy (DRP) is one of the leading causes of 
blindness in developed countries. Diabetic retinopathy is a disease that causes 
vision loss especially in the active population of the society between the ages 
of 20 and 50. The increasing incidence of diabetes in developed societies on the 
one hand, and prolonging the life expectancy of diabetics with modern treatment 
methods, on the other hand, are the most important factors that increase the 
incidence of DRP and, accordingly, diabetic maculopathy.

I would like to thank my ophthalmologist colleagues working at Fethi 
Sekin City Hospital and other clinics in the preparation of the book.

We would like to thank our referees and publication coordinators, especially 
all authors, who fulfill their duties with devotion. 

Op. Dr. Fatih Çelik
Elazığ - 2021
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C H A P T E R  I

THE PREVALENCE AND 
INCIDENCE OF 

DIABETIC RETINOPATHY AND  
DIABETIC  MACULAR EDEMA

 Sinem Keser
(Exp. Dr.), Elazığ Fethi Sekin City Hospital, Ophthalmology, 

Elazığ/Turkey, kesersinem@hotmail.com
Orcid: 0000-0002-9181-6691

1. Introduction

The prevalence of Diabetes Mellitus (DM), which is now accepted as 
having become a global epidemic,, increased from 135 million in 1995 
to 171 million in 2000, and 415 million in 2015. More importantly, this 

number is expected to rise to 642 million by 2040 (1-4). This rate is increasing 
very rapidly, especially in Africa, and in Asian countries such as China and 
India (5).

DM is a disease that can lead to macrovascular complications such as 
cardiovascular diseases and stroke, together with microvascular complications 
such as nephropathy and retinopathy (6-9). 

Hyperglycemia,which occurs as a result of insulin resistance in peripheral 
tissues, can cause damage in the retinal capillaries, arterioles and venules, and 
diabetic retinopathy (DR) then forms as a result of this damage and/or insulin 
deficiency. The reasons for sight loss caused by DR are preretinal hemorrhage, 
tractional retina detachment, neovascular glaucoma, vitreous hemorrhage,which 
can be seen in proliferative diabetic retinopathy (PDR), and diabetic macular 
edema,(DMO) which can be seen at any stage of DR. Together with the increasing 
prevalence of DM, there has been an increase in treatment options, and DR has 
become one of the leading causes of sight loss in developed countries where 
there is longer life expectancy (10-11). Between 1990 and 2010, DR was the 
fifth most common reason both of preventable blindness and of moderate and 
severe sight disorders (12).
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In addition, DR is the leading cause of sight loss in adults in the 20-74 years 
age range (13). Patients who develop DR are aged 45-64 years in developing 
countries, whereas they are generally aged >64 years in developed countries 
(14). It has been reported that in 2010 there were estimated to be 285 million 
DM patients worldwide, more than a third had DR symptoms, and of those a 
third developed sight-threatening DR (none severe proliferative DR, or VTDR 
defined as proliferative DR) or diabetic macular edema (15).

Especially in type 1 DM patients, PDR is the most common condition which 
threatens sight. In diabetic patients, DMO is the most common cause of sight 
loss and is present in a constant form in type 2 DM patients with PDR (16,17). As 
a result of ageing populations and the increased life expectancy of diabetics, the 
prevalence of diabetes is also expected to increase (18). Prevalence is thought to 
be increased by a genetic predisposition, elevated blood presssure, low levels of 
physical activity, dietary habits and elevated cholesterol in developing countries 
and by increased life expectancy in developed countries (19).

2. Prevalence and Incidence

Studies examining the incidence and prevalence of DR have generally been 
conducted, not at a national level, but at population level. The large-scale, 
comprehensive studies of the Wisconsin and Framingham groups are accepted 
as the primary reference in current epidemiological examinations of DM. The 
Wisconsin Epidemiological Study of Diabetic Retinopathy (WESDR) was 
conducted on diabetic patients in 11 regions, and the cases included in the study 
were separated into 2 groups according to age at the onset of diabetes and insulin 
dependence. The first group was the insulin-dependent diabetic (IDD) group 
with onset <30 years, and the second was the non-insulin-dependent diabetic 
(NIDD) group or those who were insulin-dependent starting from an age >30 
years. In the first group of cases <30 years, the prevalence of DR was 70%, with 
PDR determined after 20 years in 50%, and DMO after 15 years in 18%. In 
cases with duration of diabetes <5 years, DR prevalence was found to be 17%, 
and in cases of >15 years duration, 97.5%. PDR prevalence was determined to 
be 1.2% in cases with disease duration of <10 years, and 67% in those of >35 
years. Prevalence rates for DMO were reported to increase from 0% in cases 
with diabetes duration of <5 years to 29% in cases of >20 years. In the IDD 
group >30 years of age, the prevalence of DR was 62%, with PDR determined 
after 20 years in 20%, and DMO after 15 years in 25%. In the other half of the 
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NIDD second group, diagnosed after the age of 30 years, the prevalence of DR 
was 36%, with PDR determined after 20 years in 5%, and DMO after 15 years 
in 12% (20-24).

The DR prevalence study conducted by the Framingham group included 
diabetic patients aged 52-85 years. When the whole study population was 
evaluated, the DR prevalence rate was 3.1%, and in the age range groups of 
52-64 years, 65-74 years, and 75-85 years, these rates were 2.1%, 2.9%, and 
7.0%, respectively (25). In a review of 35 studies that evaluated the data of 
22,896 DM patients in Europe, Australia, Asia, and the USA, the prevalence 
rates were determined to be 34.6% for DR, 7.0% for PDR, 6.8% for DMO, 
and 10.2% for sight-threatening DR (26). In the same study, the DR and PDR 
prevalence rates were found to be higher in type 1 DM (77.3%; 25.2%) than in 
type 2 DM (32.4%;3.0%), and the DR prevalence in type 1 DM in Europe and 
the USA varied between 36.5% and 93.6%. The prevalence of sight-threatening 
DR was reported to be between 6.7% and 34.9% (27-33). In type 2 DM, DR 
prevalence is generally higher in western societies than in Asian societies. In 
the USA, DR prevalence was determined to vary between 28.5%-40.3%, and 
sight-threatening PDR was 4.4%-8.2%, and in Asian countries, these rates were 
12.1%-23.0% and 4.3%-4.6% (34-39). 

This high variability in the prevalence is thought to be due to differences 
in healthcare systems and socioeconomic factors (40). In the Asian country of 
Singapore, the DR prevalence of 39% was determined to be close to the values of 
western countries. This was suggested to be related to the rapid urbanisation and 
industrialisation of Singapore and increased internal migration (41). Variations 
are seen in prevalence in different ethnic groups. In Saudi Arabia and Iran, 
the DR prevalence was seen to be similar to that of western countries (36.8%, 
29.6%, respectively), but the prevalence of sight-threatening DR was higher 
(10.6%, 7.5%, respectively) (42, 43). In the developed Asian countries of Japan 
and South Korea, the DR prevalence was determined to be lower than the global 
average (12.1%, 15.8%, respectively) (36, 37). Studies conducted in Sri Lanka, 
Bangladesh, Nepal, Tunisia, Kenya, and Ethiopia have reported DR prevalence 
in the range of 21.6%-41.4% (44-49). No large scale study of DR epidemiology 
has been conducted in Turkey.

Taş et al (50) included 2362 patients from 14 separate units in a study and 
the DR prevalence was determined to be 30.5%, as 31.2% in the IDD group 
and 27.7% in the NIDD group <30 years, and 50.5% and 22.7%, respectively in 
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the IDD and NIDD groups >30 years. When macular edema was investigated, 
in patients aged <30 years, the DMO rate was determined to be 1.4% in those 
with DM duration of 0-4 years, and 27.8% in those with DM for >20 years. 
In patients >30 years of age, this rate was 3.4%. In a study by Idil et al (51), 
in cases aged >30 years, DMO prevalence was determind to be 8.2% in those 
with diabetes for less than 5 years, 19.7% at 6-14 years, and 42% in cases with 
disease duration of >15 years. 

In the WESDR group, the DR cumulative rate in a 4-year follow-up period 
was determined to be 59% in cases diagnosed with DM when aged <30 years 
(52). In the same study, there was determined to be progression in 64% of the 
cases with retinopathy, 17% developed PDR, and the cumulative incidence 
was 89.3% in cases with DM duration of 10 years. In those with DM for >25 
years, the cumulative incidence rate increased to 97%, and in 83% of cases, 
retinopathy was observed to have progressed. PDR was seen to have developed 
in 42% of cases, clinically significant macular edema was present in 17%, and 
DMO developed in 29% (53, 54). The data of this study demonstrate that DR 
will develop after a certain period of time in all early onset (Type 1) DM cases. 
The determination of DM risk factors and developments in diagnostic methods 
indicate that similar to the prevalence of DR, there could also be a decrease in 
incidence rates. 

When the results determined in the first 12 years of the WESDR study were 
compared with the results obtained in the last 13 years of the same study, it was 
determined that the incidence of PDR development had decreased from 3.4% 
to 1.5%, the annual rate of DR progression from 4.5% to 2.5%, and clinically 
significant macular edema from 1.0% to 0.4% (54). The study by Idil et al (51) 
is the first and only study related to incidence in Turkey, and according to the 
results of that study, the cumulative incidence of DR over a 4-year period was 
5.1%, and the total progression rate was determined to be 33.3%. 
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C H A P T E R  I I

PATHOGENESIS OF DIABETIC 
RETINOPATHY AND DIABETIC 

MACULAR EDEMA
Seda Liman Uzun

Elazığ Fethi Sekin City Hospital, sedalimanuzun@gmail.com
Orcid: 0000-0002-8084-622X

Microangiopathy, inflammation and neuroglial degeneration 
mechanisms remain mainly effective in the pathogenesis of diabetic 
retinopathy (DR). Metabolic, functional and anatomical anomalies 

developing at the microvascular and molecular levels are observed. The 
pathways thought to be effective in pathogenesis are intertwined processes and 
should not be considered as independent mechanisms.

Figure 1. Associated among many factors in the pathogenesis of DR.
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I. Retinal Microangiopathy
 a) Pericyte Dropout:
Capillary damage occurs as a consequence of the losses in pericyte and smooth 
muscle cells, basal membrane thickening and increase in endothelial cell 
proliferation. Pericyte loss, the earliest histological finding of DR, plays role in 
the development of microaneurysms, the first clinical finding of DR (1).

As a result of the decrease in pericytes, being involved in the microvascular 
autoregulation through their contractile feature, venous beading develops, and 
the blood-retina barrier breakdown over time. It is anticipated that hypercellular 
microaneurysms develop as a consequence of endothelial proliferation, whereas 
acellular microaneurysms develop together with endothelial and pericyte 
apoptosis (2).

Thickening happens as a result of vacuolization occurrence and fibrillary 
collagen deposition within the capillary basal membrane. Aldose reductase and 
sorbitol pathway have been found to be effective in this thickening (3).

The basal membrane thickening causes the interaction between endothelial 
and pericyte cells to be disrupted. 

Hyperglycemia, advanced glycation end product formation and 
hypertension trigger pericyte apoptosis as well. Concerning the platelet-derived 
growth factor (PDGF-b) in pericytes, it was revealed the pericyte loss and 
microaneurysms genetically developed in the capillaries of moss mice (4).

 b) Blood-Retina Barrier Breakdown: 
 In diabetic retinopathy, a great number of mechanisms such as growth factors 
(VEGF, PIGF), adhesion molecules (ICAM-1), cytokines (IL-6, MCP-1, TNF-
a), leukostasis, change in the tissue hydrostatic balance, oxidative stress all 
together have an impact on the breakdown of the blood-retina barrier.

In diabetic retinopathy, deterioration of the inner blood-retina barrier 
is observed in the early period with the damage the vascular cells and their 
connections undergo. As for the outer blood-retina barrier, it has been observed 
to deteriorate in the later period as a result of chronic inflammation. Expression 
of occludin, claudin and zonula occludens proteins, which maintain the tight 
junctions between the cells, decreases in a hyperglycemic environment.

It has been observed that the decrease in glycocalyx thickness under the 
hyperglycemia effect stimulates the development of endothelial cell surface 
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changes, the activation of signal molecules and the deterioration of protective 
barrier integrity (5).

 The occurrence of increased capillary permeability is reflected into 
the clinic with the findings of retinal hemorrhages, hard exudates (serum 
lipoproteins) and edema. 

Figure 2. Factors that cause breakdown of the blood-retinal barrier in DR.

 c) The Kallikrein-Kinin System:
Another mechanism causing deterioration in the blood-retina barrier is considered 
to be growing through the kallikrein-kinin system. Increased carbonic anhydrase 
activity in endothelial cells activates this system by increasing the intraocular 
pH, resulting in increased vascular permeability and loss of barrier function with 
the rise of the formed bradykinin NO (nitric oxide) level (6).

 d) Capillary Occlusion and Retinal Ischemia: 
Deterioration of vascular integrity increases the occurrence of hyperviscosity 
and platelet adhesion. Therefore, occlusions as well as leakage in the vascular 
bed develop. Capillary occlusion plays a role in the development of hypoxia 
and retinal ischemia as a consequence of impaired tissue perfusion. Ischemia 
stimulates the development of neovascularization by means of angiogenic 
factors. 
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 e) Neovascularization and VEGF:
Neovascular formations, arteriovenous shunts (intraretinal microvascular 
anomalies-IRMA) and soft exudates (infarct in nerve fibers) are clinical 
examination findings that develop as the results of retinal hypoxia.

Vascular endothelial growth factor (VEGF) expression increases under 
retinal hypoxia conditions. VEGF stimulates leukocyte activation and cytokine 
production by the increase of ICAM-1 in endothelial cells. Thus, it intensifies 
the inflammatory response (7).

VEGF-A165 isoform a tyrosine kinase receptor, which is thought to 
have significant mitogenic, angiogenic, vasodilation and permeability increase 
effects, has a critical impact on the pathogenesis through VEGFR-2. 

VEGF level has been proved to be associated with the intensity of retinopathy 
(8). As a matter of fact, growing neovascularization causes complications such 
as preretinal/intravitreal hemorrhage, fibrosis, tractional retinal detachment, 
being observed in advanced proliferative DR. 

Studies by which elevated plasma erythropoietin (EPO) in proliferative 
DR have been detected support the idea that VEGF-independent angiogenic 
pathways are also present (9).

Retinal ischemia has also been found to be effective in increased apoptosis 
and neuroglial degeneration in DR. Glutamate, having a neurotoxic effect, leads 
to neuronal cell death by soaring under ischemic conditions. In the diabetic 
retina, thinning in the ganglion cell and inner plexiform layers is observed. 
Moreover, neurodegenerative damage is reflected into the clinical practice 
through functional loss findings such as electroretinographic changes, impaired 
color vision and contrast sensitivity (10).

II. Molecular Mechanisms 
 a. The Polyol Pathway:
Under hyperglycemic conditions, intracellular sorbitol increases as a result of 
the activation of the biochemical polyol pathway and the reaction progressing 
under the NADPH cofactorship of the aldose reductase enzyme. Decreased 
NADH and glutathione production reduces the antioxidant effect. As a result 
of the deterioration of the redox balance, oxidative stress increases, the Na-K 
ATPase pump gets defunctionalized, osmotic damage develops, and the formed 
fructose causes the formation of advanced glycation end products. Consequently, 
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vascular damage, glial change, neuronal apoptosis and inflammatory response 
are considered to be triggered (11).

Figure 3. The Polyol pathway and relation with increased oxidative stress.

 b. Advanced Glycation End Products (AGEs):
As a result of chronic hyperglycemia, glucose forms a complex by binding to 
amino groups of proteins through a non-enzymatic Maillard chemical reaction 
and eventually, the Amadori products are formed. Hemoglobin-A1c, one of the 
products formed by this mechanism, is an indicator used in clinical practice to 
determine three-month blood sugar regulation. 

 Advanced glycosylation end products (AGE-Advanced Glycosylation 
Endproducts) are formed by oxidation in glucose complexes. Binding to 
transmembrane receptors (RAGE-Receptor for AGE), these fragmentation-
resistant products endamage cell signaling pathways and functions, intensify 
oxidative damage and cause an increase in inflammatory cytokines. 

 AGEs accumulate in the basement membrane and activate the inflammatory 
process, vascular damage occurs, leukostasis is stimulated, and blood-retina 
barrier function is disordered (12). Nuclear factor-kB (NF-kB), nicotinamide 
adenine dinucleotide phosphate oxidase (NADPH oxidase), mitogen-activated 
protein kinases (MAPK), intracellular adhesion molecule-1 (ICAM-1), VEGF 
levels and pericyte apoptosis increase (13).

 c. Protein Kinase C (PKC) Pathway Activation:
Protein kinase C (PKC) is a serine/threonine kinase involved in growth factors, 
vascular permeability, inflammation and signal transduction pathways at the 
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gene expression level. Primarily, the b1 and b2 isoforms have been found to be 
associated with the pathogenesis of diabetic retinopathy. 

 Oxidative stress, advanced glycation end products and VEGF are considered 
to be able to cause PKC activation. The level of diacylglycerol (DAG), the 
endogenous activator of PKC, goes up as the glycolysis in the hyperglycemic 
environment increases. As a result of DAG increase and PKC activation, it 
has been detected that leukocyte adhesion, angiogenesis, increased vascular 
permeability, disruption of the blood-retina barrier by the phosphorylation of 
adhesion molecules, intracellular signaling pathways such as increased amounts 
of TGF-b, VEGF and endothelin synthesis are all stimulated (14,15).

 d. Oxidative Stress:
Oxidative stress, which is one of the mechanisms effective in the pathogenesis 
of diabetic retinopathy, is characterized by the formation of free radicals called 
reactive oxygen species (ROS) in tissues. Free radicals cause lipid peroxidation, 
protein misfolding, mitochondria and DNA damage in the cells. 

Besides the cellular damage, the oxidation of cell membrane proteins 
leads to the development of leukocyte adhesion, agglutination, aggregation and 
microthrombosis (16). Thus, inflammatory and ischemic processes in the retinal 
tissue get triggered. It has also been observed that free radicals cause an increase 
in the formation of AGE, in activities of aldose reductase and PKC.

 e. Epigenetic Changes:
Although many factors such as diabetes duration, irregular blood glucose, 

high blood pressure are effective in the pathogenesis of diabetic retinopathy, 
DNA methylation, histone modification and inherited genetic factors have also 
been found to be associated. It is considered that genetic modifications may 
have a significant impact on the ‘metabolic memory’ phenomenon associated 
with DR development and progression.

 Major cellular responses to hyperosmolar stress may appear in the forms 
of apoptosis, DNA damage, oxidative stress, inhibition of transcription and 
translation stages, decrease in Aquaporin-4 expression, reorganization of the 
cytoskeleton and mitochondrial damage.

 f. Inflammation:
Within the diabetic retina, cytokines and the presence of consecutively acute-
phase reactants, leukocyte adhesion, macrophage infiltration, microglial 
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proliferation and complement activation in increased amounts are all the factors 
that indicate the inflammatory dimension of the retinopathy.

 Although hyperglycemia creates a proinflammatory environment, it 
increases the level of TNF-a and IL-6 cytokines which are esteemed responsible 
for insulin resistance in humans and that of VEGF as well (17).

 Inflammation, leukostasis, retinal hypoxia and increased vascular 
permeability are the effective factors during the development of diabetic 
macular edema. It is known that pro-inflammatory cytokine levels increase in 
the aqueous, retina and vitreous, which is correlated with the DR progression 
and severity. Monocyte chemoattractant protein 1 (MCP-1), IL-6 and VEGF 
levels in the vitreous have been proven to decrease following intravitreal steroid 
injection (18). Leukostasis is triggered by the effect of endothelial damage, 
capillary occlusion, inflammatory cytokines, oxidative stress and angiogenic 
factors.

As a result, many related factors play a role in the development and 
progression of the process in the pathogenesis of DR.
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Diabetes Mellitus (DM) is a metabolic disease caused by a disorder 
in glucose metabolism, and diabetic retinopathy (DR) is one of the 
most important complications of this metabolic disease. World Health 

Organization defines DR as a disease that occurs when some typical lesions 
come together in the retina of individuals having DM for several years (1). 
DR is a progressive condition with microvascular changes leading to retinal 
ischemia, retinal permeability, retinal neovascularization, and macular edema 
(2, 3). Diabetic retinopathy and maculopathy are the leading causes of vision 
loss in diabetic patients. Untreated DR patients can experience severe vision 
loss (4). In developed countries, DR is the leading cause of blindness in the 
working-age population (5), leading to a significant economic impact on society 
and health systems in particular (5-7). It ranks first among the new causes of 
blindness in individuals aged 20-74 (8). Considering that more than 90% of 
cases of vision loss can be prevented with proper management of patients with 
DR, it is crucial to categorize, classify and stage the severity of DR in order to 
diagnose clinically, to use a single language in communication, and to establish 
adequate treatment (9). 

Diabetic retinopathy classification was first tried to be standardized by 
photographing 5 areas in the retina at the Airlie House symposium in 1969 
(10). In 1981, the Diabetic Retinopathy Study Group (DRS) modified the 
first classification and classified DR using photographs of seven retinal areas 
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(11). The classification was then changed to be used in the Early Treatment of 
Diabetic Retinopathy (ETDRS) study, and accordingly, DR was divided into 13 
detailed subgroups (13), and the risk of progression of DR was determined on 
the basis of the severity of the lesions. However, since this classification was 
made for the ETDRS study, a new staging need arose as it was not practical and 
easy to use. The last classification, which is easier to use clinically today, is the 
‘International Diabetic Retinopathy and Diabetic Macular Edema Severity Scale’ 
created in 2003 (12). Classification is based on microvascular anomalies seen on 
clinical examination or color fundus image. Although it is mainly divided into 
two groups as nonproliferative and proliferative diabetic retinopathy, it has been 
examined in detail in 5 groups (13, 14):

1. No diabetic retinopathy
2. Mild Nonproliferative DR
3. Moderate Nonproliferative DR
4. Severe Nonproliferative DR
5. Proliferative DR.

1. Nonproliferative Diabetic Retinopathy (NPDR)

In nonproliferative diabetic retinopathy, the most common form of diabetic 
retinopathy, microvascular changes are limited within the retina and do not cross 
the internal limiting membrane (ILM). 

The severity of NPDR is based on the comparison of standard photographs 
and findings, and is divided into three as mild, moderate, and severe according 
to the extent and severity of the disease. 

Mild NPDR has microaneurysms. Ballantyne and Loewenstein reported 
in 1943 that microaneurysms are associated with DM (15). Microaneurysms are 
saccular, localized vesicles that develop as a result of weakness in the capillary 
wall caused by pericyte loss and increased intraluminal pressure. (16). They are 
observed as sharply demarcated red dots. (Figure 1)
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FIGURE 1: Microaneurysm and hemorrhage are observed in 
the color fundus image of a case with mild NPDR.

In moderate NPDR, there are hard exudates, few soft exudates, retinal 
hemorrhages, and venous pilling in addition to microaneurysms. 

The ‘hard exudate’ consists of macrophages containing lipoproteins and 
lipids due to chronic and local leakage from retinal vessels. The aqueous content 
of this exudative liquid is absorbed much faster than the lipid part, and the lipid 
part remains in the outer plexiform layer, creating a small yellowish appearance. 
While it is seen near clusters of microaneurysm, which are frequently leak, hard 
exudates may coalesce at the periphery of the leak site to form an annular, circular 
retinopathy. ‘Soft exudates,’ called ‘cotton-wool spots,’ are microinfarcts in 
nerve fibers due to focal ischemia as a result of arteriolar occlusion or stasis 
in the retinal nerve fiber layer. They are ischemic areas with gray-white color, 
round or oval shape, with indistinct borders. 

Retinal Hemorrhages occur as a result of microaneurysms or rupture of 
capillaries or venules (16). If these hemorrhages are localized to the nerve fiber 
layer and originate from the superficial precapillary arterioles, they are seen as 
flame-shaped, if they are located in the middle layer of the retina, that is, often 
in the outer plexiform and inner nuclear layer, or in the deeper tissues, they are 
usually seen as spots or dot/blot-like because they originate from the venous 
endcapillaries.

‘Venous changes’ appear as generalized dilatation, increased tortuosity, 
focal narrowing, and pilling and sausage-like segmentations due to dilatations 
in the vein walls. 



24      Diabetic Retinopathy and Diabetic Macular Edema

The diagnosis of severe NPDR is based on the 4:2:1 rule of ETDRS (17). 
According to the 4:2:1 rule in the ETDRS study to identify patients at high 
risk of progression to proliferative diabetic retinopathy (severe nonproliferative 
diabetic retinopathy), the severity of the disease was graded according to: 

- Presence of more than 20 intraretinal hemorrhages and microaneurysms in 
4 quadrants, 

- Presence of venous pilling in 2 or more quadrants and
- Presence of IRMA in 1 or more quadrants. 

In the presence of 1 of these 3 criteria, this case was defined as severe NPDR, 
and in the presence of 2 or more, this case was defined as very severe NPDR 
(Figure 2).

FIGURE 2: A.Microaneurysms, hard exudates, and soft exudates on a color fundus 
image of a case with severe NPDR. B Cystic spaces and intraretinal hyperreflective 
spots in the fovea and temporal to the fovea on OCT.C Hyperfluorescent spots due 

to microaneurysms, hypofluorescent areas due to hard exudates, IRMA and ischemic 
areas in the temporal fovea on early and mid-phase FA images. D. IRMA and 
‘ischemic areas in the temporal fovea’ show on superficial and deep capillary  

plexus OCTA images.

Intraretinal microvascular anomalies, called ‘IRMA’, are arteriovenous shunts 
between retinal arterioles and venules. Since these shunts bypass the capillary 
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bed, it is often observed near areas of capillary hypoperfusion. The feature 
that distinguishes IRMAs from neovascularization, which is the finding of the 
proliferative stage, is that they are slightly larger and necessarily intraretinal. 
In addition, while fluorescein leakage is observed in neovascularization in 
Fluorescein Angiography (FA), leakage is not observed in IRMA.

1.1. Diabetic Macular Edema

Two other important findings influencing vision in diabetic retinopathy are 
Diabetic Macular Edema (DME) and macular ischemia (13, 14).

Diabetic macular edema, which is the most common cause of vision loss in 
diabetic patients, is characterized by fluid accumulation in the central retina and 
occurs primarily due to disruption of the blood-retina barrier (14, 18).

Clinically significant diabetic macula edema is divided into focal and 
diffuse edema according to the FA leak pattern. ‘Focal macular edema’ is 
characterized by areas of focal leakage due to leakage from microneurisms and 
dilated capillary segments. These may be accompanied by hard exudates. Diffuse 
edema is characterized by diffuse retinal capillary leakage due to disruption of 
the blood-retina barrier (19) (Figure 3). 

FIGURE 3: Types of diabetic macular edema. A. Retinal thickening, intraretinal 
hyperreflective spots, and tightly adherent posterior hyaloid on OCT section of a 

case with diffuse macular edema. B. Retinal thickening, serous macular detachment 
and vitreomacular traction on OCT section of a case with diffuse macular edema.C. 
Intraretinal cystic spaces and hyperreflective spots on OCT section of a patient with 

cystoid macular edema. D. Subfoveal large cystic space and photoreceptor damage on 
OCT image of a patient with serous macular detachment and tightly adherent posterior 

hyaloid and cystoid macular degeneration.
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Many definitions and classifications have been used in the classification of 
diabetic macular edema. The most important of these definitions is the definition 
of clinically significant diabetic macular edema based on the ophthalmoscopic 
appearance made by the ETDRS (The Early Treatment Diabetic Retinopathy 
Study). According to this definition, Clinically significant diabetic macular 
edema is defined as the presence of:

1. Thickening of the retina at the center of the macula or 500 microns from 
the center of the macula

2. Thickening of the adjacent retina and presence of hard exudate in the 
center of the macula or 500 microns away from the center of the macula, 

3. Thickening of 1 disc diameter or larger, with any portion located 1 disc 
diameter from the center of the macula (20).

FA is still the most valid diagnostic method in the diagnosis of macular edema 
and ischemia. It is still a frequently used and recommended imaging modality 
for distinguishing leaky and non-leaking microaneurysms, demonstrating the 
presence of IRMA, visualizing capillary nonperfused areas and foveal avascular 
zone (FAZ) enlargement, and most importantly, evaluating the peripheral retina 
(21).

Today, classifications and definitions based on optical coherence 
tomography (OCT) are used. If there is retinal thickening in the foveal area with 
a diameter of 1 mm on OCT, it is called central diabetic macular edema, and if 
this retinal thickening is outside the central area, it is called diabetic macular 
edema that does not involve the central area (22). Serous macular detachment 
is one of the most important findings defined by OCT in patients with diabetic 
macular edema, and it is described as a hyporeflective space between the retinal 
pigment epithelium and the neurosensory retina. 

The first OCT classification of diabetic macular edema was made by Otani 
et al (23). Accordingly, three structural changes were reported as diffuse spongy 
retinal edema, cystoid macular edema and serous retinal detachment. Later, 
Panozzo et al. classified diabetic macular edema in three morphologies as retinal 
thickening, cystoid thickening and neuroepithelial detachment and defined four 
types of epiretinal traction (24). Considering the presence of vitreomacular 
traction, Kim et al described five different OCT patterns as diffuse retinal 
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thickening, cystoid macular edema, serous retinal detachment, posterior hyaloid 
traction, and tractional retinal detachment (25). Murakami et al. defined diabetic 
macular edema patterns as cystoid macular edema, serous macular detachment, 
and retinal thickening. It was reported that serous macular detachment or 
retinal thickening may be seen at earlier stages in diabetic macular edema than 
in cystoid macular edema (26). In another study, diabetic macular edema was 
classified according to the diameter of the cysts and in the presence of a cyst 
with a horizontal diameter of 600 microns or more, this situation was defined as 
severe cystoid macular edema (27). 

Another definition, ‘cystoid macular degeneration’, is a consequence 
of chronic macular edema associated with poor visual acuity, and should be 
distinguished from cystoid macular edema in the OCT-based classification of 
diabetic macular edema. In a recent study by Arf et al., cystoid macular edema 
and cystoid macular degeneration were defined as different types of macular 
edema, and serous macular detachment was excluded from macular edema types 
and reported as a finding accompanying diabetic macular edema (28). According 
to this study, diabetic macular edema was divided into three as diffuse macular 
edema, cystoid macular edema and cystoid macular degeneration. 

Optical coherence tomography angiography (OCT-A), an imaging method 
that has been frequently used recently, can also detect focal ischemia and FAZ 
enlargement as an alternative to FA imaging. An important advantage of OCT-A 
compared to FA is that it can show changes in different layers such as superficial 
plexus and deep capillary plexus. In the future, when vascular structures can 
be better visualized with Doppler OCT and OCT-A, new biomarkers and 
classifications will come to the fore.

1.2. Diabetic Macular Ischemia

Occlusion of the perifoveal capillaries leads to nonperfusion and progressive 
macular ischemia. Diabetic macular ischemia is the most important cause of 
vision loss after diabetic macular edema and is often a finding accompanying 
severe NPDR. Initially, FAZ irregularities, which can be detected by FA and 
OCT-A, are observed, while FAZ enlargement due to nonperfusion of capillaries 
in the deep layers is also observed in the later stages (Figure 4).
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FIGURE 4: Diabetic macular ischemia. A. Retinal thinning in the nasal fovea, intra-
retinal cystic spaces and hyperreflective spots in the temporal fovea in the OCT section 

of a patient with NPDR. B. Ischemic areas and deterioration in FAZ are show on 
Superficial and deep plexus OCTA sections.

2.  Proliferative Diabetic Retinopathy (PDR)

Proliferative DR represents the late stage of disease progression. In addition 
to nonproliferative diabetic retinopathy findings, new vascularization, 
fibrovascular proliferation, vitreous hemorrhage and preretinal hemorrhages 
are called proliferative diabetic retinopathy. In the fundus examination, new 
vessels formed at the optic nerve head or within 1 disc diameter from the edge 
of the optic disc are called NVD (neovascularization of the disc-optik disk 
neovaskülarizasyonu), and new vessels formed at a distance of 1 disc diameter 
from the optic disc head and in the periphery are called NVE (neovascularization 
elsewhere – retina neovaskülarizasyonu) (Figure 5). 
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FIGURE 5: A. Color fundus image of a case with PDR due to preretinal hemorrhage 
and common NVE. B. Common NVE areas in the FA image. C. NVE in the superficial 
plexus in the section passing over the fovea in the OCTA image. D. Preretinal (subhy-
aloid) hemorrhage and ‘NVE in the temporal fovea’ in the section of wide-angle OCT.

As retinopathy progresses, capillary damage and nonperfusion increase. Various 
angiogenic factors and especially vascular endothelial growth factor (VEGF), 
an important pro-angiogenic factor, are secreted due to retinal hypoxia. Under 
the influence of these factors, neovascularizations develop in the retina, optic 
nerve head and anterior segment. 

Neovascularization begin with the proliferation of venous endothelium 
secondary to ischemia of the inner retinal layers (16) and try to reach the vitreous 
from the retinal surface. The vitreous serves as nourishing tissue for proliferating 
vessels and fibrotic tissue. The newly formed vessels attach to the posterior 
hyaloid, cross the internal limitan membrane and reach the vitreous cavity. 
Fibronectin reaches the vitreoretinal interface with the destruction of the blood 
retinal border. Fibronectin stimulates the development of new vessels into the 
vitreous by triggering the migration of endothelial cells (29). Eventually, these 
new vessels regress, leaving fibrotic tissue in the foreground. The fibrovascular 
tissue developing in the vitreous causes contraction and the tractions it creates on 
the retinal surface cause detachment. In addition, the tractions on the new vessels 
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lead to vitreous hemorrhage and preretinal hemorrhages as a result of rupture 
of weak vessels since the pericyte structure is already disrupted. Vitreoretinal 
tractions, recurrent vitreous hemorrhage, tractional retinal detachment, and 
combined tractional and rhegmatogenous retinal detachment are important 
complications that can develop in PDR (13, 14, 18) (Figure 6).

FIGURE 6: A. NVE, NVD, and diffuse ischemia areas in the colour fundus image of 
the left eye of a patient with PDR. B. NVE, NVD, and diffuse ischemia areas in the 

FA image of the left eye of a patient with PDR. C. Tractional retinal detachment in the 
right eye of a patient with PDR. D. Tightly adherent posterior hyaloid, NVE, NVD, 

and a small amount of laser scars in the left eye of a patient with PDR.

High-risk features are NVE of at least one quarter of the optic disc diameter 
regardless of the presence of concomitant vitreous or preretinal hemorrhage, or 
NVE of at least half the disc diameter in the presence of concomitant vitreous or 
preretinal hemorrhage. Presence of any of these three features in a case is called 
high-risk proliferative diabetic retinopathy.
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Although the International Diabetic Retinopathy and Diabetic Macular Edema 
Severity Scale subdivides nonproliferative DR in detail, it does not divide 
proliferative DR into any subgroups. Kroll et al. made a classification for 
proliferative DR similar to proliferative vitreoretinopathy (30). According to 
their definition, it is classified into the following stages;

Stage A: Proliferative changes in the retina and especially in the vitreous 
around the optic disc.

Stage B: Tractional detachment along the retinal vessel arcades around 
the optic disc due to disruption of the vitreoretinal interface. But the macula is 
attached.

Stages C1-C4: It is staged according to the tractional detachment involving 
the macula and the number of quadrants involved.

Nowadays, clinical classification of DR is important not only for 
ophthalmologists to follow up and decide on the treatment of DR, but also 
for communication between doctors in other branches in DR, which is a 
multidisciplinary disease.
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Introduction

Diabetes mellitus (DM) is a systemic metabolic disease that is seen 
with chronic hyperglycemia and has currently increasing prevalence. 
Diabetic retinopathy (DR), which is one of the most common 

microvascular complications of DM, is the leading cause of blindness in young 
adults in developed countries (1). By affecting young adults in particular, DR 
has negative effects on the economy through the loss of work force and the high 
costs of intravitreal treatment (2). There are also negative psychosocial effects 
on the patient because of the long treatment process, the need for repeated 
treatments, and the development of sight loss. Therefore, the determination of 
risk factors is of great importance. 

DR is a multifactorial disease, the pathogenesis of which is extremely 
complex. The risk factors for DR and diabetic macular edema (DMO) are similar 
and the most well known risk factors are the duration of disease, hyperglycemia 
and hypertension. However, the development and progression of DR and DMO 
show differencces between individuals as several structural and genetic factors 
have been shown to play a role in the pathogenesis. Knowledge of the non-
modifiable risk factors will allow predictions of how DR will progress in which 
patients, and the development and progression of the disease can be prevented by 
bringing the modifiable factors under control. Many recent studies have revealed 
a relationship between genetic polymorphisms and DR and DMO. This will be 
of help in understanding the pathogenesis of the disease and consequently, the 
development of new treatment options. 
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1. Non-modifiable Risk Factors

1.1.  Diabetes type and duration

The duration of DM is the most important non-modifiable risk factor, and as 
the disease duration increases, so the frequency and severity of DR and DMO 
increase (3). DR develops at varying degrees after 20 years in almost all Type 
1 DM patients and in >60% of Type 2 DM patients (4). Previous studies have 
shown that the duration of disease in patients with DR is 2-fold greater than 
in those without DR (5, 6). In the WESDR study, the incidence of DR was 
found to be 74% and DMO was 20-25% after 10 years, and after 25 years, these 
rates were 97% and 29% (7, 8). This can be explained by the fact that as the 
duration of diabetes increases, the increasing exposure to hyperglycemia causes 
an increase in microvascular damage. 

1.2.  Gender

Male gender has been reported to be an independent risk factor in some studies. 
Zhang et al showed DR incidence of 38% in males and 27% in females in DM 
patients aged >40 years (6). In the WESDR group study and in the study by Taş 
et al, DR prevalence was reported to be higher in males (3, 9). In contrast, the 
LALES study reported no significant difference between the genders (10). 

1.3.  Race and Ethnicity 

A study in the USA showed the DR rate to be higher in those of Hispanic 
and Afro-American ethnicity (11). Another study in the UK reported a higher 
frequency in patients of south Asian origin, than in those of European origin 
(12). 

1.4.  Puberty and pregnancy

Puberty is a well known risk factor for the development of DR in Type 1 DM 
patients. In the WESDR study, the risk of developing DR was seen to increase by 
30% after puberty (13). In the FinnDiane Working Group, there was reported to be 
a higher risk of developğng DR that would require laser treatment in patients who 
developed DM in the prepubertal period compared to those who developed DM 
in the postpubertal period (14). The increasing risk of DR together with puberty 
is thought to be due to increasing levels of growth hormone, insulin-like growth 
factor 1 (IGF-1) and sex hormones in the blood, and increasing blood pressure (15). 
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DR and DMO can progress rapidly, especially in Type 1 DM patients. 
Although the pathogenesis is not fully known, it is though to be due to changes 
in the retinal hemodynamics. The WESDR study showed that the risk of DR 
progression was increased 2.3-fold in pregnancy (16). Another study found 
the risk of DR progression in pregnancy to be 3-fold greater in Type 1 DM 
patients than in Type 2. Moreover, of the pregnant patients with DM before 
pregnancy, DMO developed in 12.5%, of which 6.3% required laser treatment 
(17). However, this effect is temporary in pregnancy and recovers quickly after 
the birth (18). After a mean 6.5-year follow-up period in another study, the 
prevalence and severity of DR were found to be similar in pregnant and non-
pregnant patients (19). 

1.5.  Genetic Factors

It is not possible to explain the severity of DR with systemic risk factors in all 
patients. That severe DR develops in some patients who have risk factors under 
sufficient control, and DR has a milder course in some patients with long-term 
uncontrolled diabetes, is thought to be due to genetic differences (20-22). In 
studies of families and twins, the risk of DR developing has been shown to be 
3-fold greater in those with a familial history of DR compared to those with no 
family history (23). Various gene polymorphisms can create a predisposition 
to the development and progression of DR. For example, polymorphisms in 
the vascular endothelial growth factor (VEGF), tumour growth factor-beta 1 
(TGF-β1), advanced glycolisation end products receptor (RAGE), angiotensin-
converting enzyme (ACE), aldose reductase (ALR2), endothelial nitric oxide 
synthase (eNOS), vitamin D receptor, and IGF-1 genes have been shown to be 
associated with the onset and severity of DR (24-30). 

2.  Modifiable Risk Factors

2.1.  Hyperglycemia 

Hyperglycemia is the most important risk factor in the development and 
progression of DR and DMO. Good glycemic control significantly reduces 
microvascular complications (31). To evaluate glycemic control, the mean 
glycolised hemoglobin (HbA1c) value showing the blood glucose level in the 
last 3 months, is examined. A high HbA1c level increases both the incidence and 
progression of DR (32). The Diabetes Control and Complications Trial (DCCT) 
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and the United Kingdom Prospective Diabetes Study (UKPDS) provide strong 
evidence that strict glycemic control (HbA1c ≤ 7) in Type 1 and Type 2 DM 
patients decreases the development and progression of DR (33). In the DCCT, 
it was determined that with strict glycemic control, there was a 76% decrease 
in DR incidence, 54% in DR progression, and 46% in the risk of DMO (31, 
34). Accordingly, it can be said that strict glycemic control is more effective 
in delaying or preventing the development of DR rather than the progression. 
In the UKPDS study, a 1% decrease in the HbA1c level was shown to provide 
a decrease of 40% in the development of DR, 25% in progression to sight-
threatening DR, 25% in the need for laser treatment, and 15% in the development 
of blindness (35, 36). 

A controversial point in glycemic control is the ideal HbA1c value. In 
the Action to Control Cardiovascular Risk in Diabetes (ACCORD) study, it 
was determined that in the group of Type 2 DM patients with strict glycemic 
control (HbA1c <6), DR progession was lower than in the group with standard 
treatment (HbA1c 7-7.9), but the risk of hypoglycemia and mortality was higher 
in the strict glycemic control group (37). As DR development is associated 
with several reasons, it cannot be prevented with strict glycemic control only. 
Therefore, to prevent the development and progression of DR, and to reduce 
complications associated with hypoglycemia, the target HbA1c level should be 
determined according to the patient. 

2.2.  Hypertension

Hypertension is another significant risk factor in the development of DR and 
DMO (6, 38, 39). The frequent combination of diabetes with hypertension 
increases microvascular complications. In the UKPDS, which was the first 
randomised, controlled study, it was emphasized that strict blood pressure (BP) 
control decreased DR. In that study, a total of 1048 Type 2 DM patients were 
randomly separated into 2 groups as strict BP control (<150/85) and standard 
treatment (BP <180/105). After a 9-year follow-up period, the microvascular 
disease risk was determined to be decreased by 37%, DR progression by 34%, 
and worsening of visual acuity by 47% in the group applied with strict BP control 
(40). In the Hoorn study, the risk of DR development was found to be 2-fold 
higher in diabetic patients with high blood pressure compared to the group with 
normal blood pressure (41). An increase of each 10mmHg in systolic blood 
pressure has been shown to increase the risk of early DR by 10%, and the risk 
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of PDR and DMO by 15% (7, 42). However, in the ACCORD study, there was 
reported to be no significant difference between the group applied with strict 
blood pressure control (systolic BP <120 mmHg) and the group applied with 
standard treatment (systolic BP <140 mmHg) in respect of DR progression (37). 

Drugs targeting the renin angiotensin aldosterone system (RAAS), which 
are used in the treatment of hypertension, are thought to have positive effects 
on DR independently of the blood pressure lowering effects. The Diabetic 
Retinopathy Candesartan Trials (DIRECT) showed that candesartan reduced 
the DR incidence in Type 1 DM by 2 or more steps in 18% and by 3 or more 
steps in 35%, and increased DR regression by 34% in Type 2 DM. However, this 
decrease was only seen in early DR and there was not found to be any effect on 
DMO (43-45). Similarly, enalapril and losartanin have been shown to decrease 
the risk of DR progression by 65% and 70%, respectively (46). 

2.3.  Hyperlipidemia

Although there are studies reporting that hyperlipidemia is a risk factor for DR 
and DMO, there is no single lipid parameter associated with DR. In the DCCT, 
the severity of DR was shown to have a positive correlation with the triglyceride 
level and a negative correlation with the HDL level (47). In the same study, no 
relationship was found between DR and the total cholesterol level. The results 
of a meta-analysis showed that total cholesterol, LDL, and triglyceride levels 
were higher in diabetic patients with DMO (48). In addition, high cholesterol 
and lipid levels cause an increase in hard exudates in the retina. Patients with 
a cholesterol level of >240mg/dl have been found to have 2-fold more hard 
exudates than those with a level of <200 mg/dl. Similarly, hard exudates were 
determined 2-fold more in patients with LDL level >160 mg/dl compared to 
those with <130 mg/dl (49, 50). 

In the Fenofibrate Intervention and Event Lowering in Diabetes (FIELD) 
and ACCORD studies, which evaluated the effect of fenofibrates in the treatment 
of hyperlipidemia, it was seen that fenofibrates reduced DR progression (51, 52). 
As no proportional relationship has been determined between DR and serum lipid 
levels, this suggests that the effects of these drugs on the retina are independent 
of the lipid level (52). There is laboratory evidence that fenofibrates reduce 
vascular permeability in DM by protecting the blood retina barrier (53). It has 
also been reported that statins, which are another group of lipid-lowering agents, 
reduce the rate of DR development and provide better visual acuity (49,50). 
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2.4.  Obesity

Obesity is a component of metabolic syndrome and has a strong relationship 
with diabetes. However, studies showing the relationship between obesity and 
DR show variability in the data. It has been demonstrated that as the body mass 
index (BMI) and waist-to-hip ratio increase, so there is a linear increase in DR 
risk (54). In another study, it was reported that the risk of DR was higher in Type 
1 DM patients with BMI >30 kg/m2 if all other risk factors were brought under 
control (55). In contrast, the WESDR study showed that the DR was 3-fold 
greater in those with BMI <20 kg/m2 (56). This was thought to be probably due 
to weight loss associated with the development of systemic diseases as a result 
of poor metabolic control. 

2.5.  Exercise

Physical activity is thought to have a positive effect on DR by providing 
metabolic control. It has been shown in a study that an increase of 10 minutes 
per day of moderate and intense exercise in females decreased the risk of DR 
development by 75%, and an increase of 20 mins by 94% (57). In the same 
study, no significant difference was found in males. Another study examined the 
relationship between DR development and the frequency and intensity of leisure 
time exercise, and it was found that the risk of DR development was 1.49-fold 
higher in low-intensity physical activity and 2.58-fold higher in low-frequency 
physical activity (58). 

2.6.  Anemia

Anemia is frequently seen in diabetic patients as a result of kidney failure 
developing. Hypoxia and ischaemia that develop associated with anemia cause 
an increase in retinal vascular permeability and macular edema (59, 60). A study 
conducted in India determined that anemia was statistically significantly high in 
patients who developed clinically significant macular edema (61). 

2.7.  Sleep Apnea Syndrome

Obstructive sleep apnea (OSA) causes hypoxia, hypercapnea, and hypertension. 
The development of retinal ischaemia and vascular dysfunction increase the risk 
of DR and DMO (62). 
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2.8.  Smoking

The relationship between smoking and DR is controversial. In the Hoorn study, 
no statistically significant difference was determined between smokers and non-
smokers in respect of the incidence of DR (41). In another study, mild DR was 
seen more in active smokers than in those who used to smoke (28.4% vs. 13%) 
and there was reported to be a relationship between smoking and early DR (63). 
In the UKPDS study, the incidence and progression of DR was reported to be 
lower in smokers compared to those who had never smoked (38). 
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1. Introduction

OCT, which has been used as one of the gold standard imaging for years, 
has become an indispensable method in the diagnosis and follow-up 
processes of diabetic macular edema (DME). In recent years, there 

have been significant developments, particularly in non-invasive retinal imaging 
methods. OCTA is one of the imaging types whose importance and usage have 
increased recently. The OCTA device, which provides visualization of the retina 
and choroidal circulation, can be used easily in patients for whom the use of 
fluorescein is relatively or absolutely contraindicated since it does not require 
dye injection (1,2). 

2. Optical Coherence Tomography (OCT)

In addition to the frequent use of color fundus photography and FFA in DR for 
many years, significant developments have been seen in non-invasive imaging 
systems recently (3-9). After OCT technology entered the field of ophthalmology 
in 1996, it has also started to be used to examine diabetic macular edema (10,8). 
Today, OCT is the gold standard for DME, with its ability to detect retinal 
thickening too early to be noticed on slit-lamp examination more precisely than 
fundus photography. (11,12). OCT is a fast and non-invasive imaging method 
that provides cross-sectional images of the living retina with light waves. 
Thanks to its high definition images formed for retinal structures, it provides 
volumetric measurements of macular edema, retinal and choroidal thickness. It 
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is widely used in DR and DME, especially in treatment and follow-up phases. In 
the diagnosis of early-stage macular edema, OCT may provide earlier findings 
than standard fundus photography. The definition of clinically significant 
macular edema, which was used frequently in the past and imaged with fundus 
photography, has now been replaced by central retinal thickness (CRT), which 
OCT can detect (13-16).

Thanks to the improvements in sensitivity, acquisition speed, and resolution 
with spectral-domain optical coherence tomography (SD-OCT) and swept-
source optical coherence tomography devices, imaging with axis resolution up 
to 5 μm has been achieved (17). In DR and DME, besides OCT being the clinical 
gold standard, it can also provide clinical prognostic insight with detectable 
biomarker markers. It is possible to qualitatively evaluate essential factors 
such as ellipsoid zone (EZ) and external limiting membrane (ELM) directly 
related to photoreceptor function health with OCT. Moreover, the presence of 
hyper-reflective spots, vitreoretinal adhesions, epiretinal membrane, or DRILL, 
which is a marker of macular ischemia, which OCT can also detect, are negative 
prognostic factors (18).

OCT is the gold standard for monitoring treatment response in DME and is 
widely used in both clinical and research settings (19,20) (Figure 1). The findings 
that OCT can detect from pathologies related to DR are as follows; diffuse retinal 
thickening, CME, cystoid macular degeneration, serous macular degeneration, 
posterior hyaloid recession, tractional retinal detachment, epiretinal membrane, 
microaneurysm, IRMA, retinal neovascularization, retinal hemorrhages, soft and 
hard exudates, hyperreflective spots, retinal layers (21). 

2.1.  Retinal thickness and diabetic macular edema

Mean central retinal thickness (CRT) and central point thickness with 
standardized macular thickness measurements on OCT are objective parameters 
for diagnosis and follow-up of DME (22). A central macular thickness of more 
than 300 μ with OCT is considered the presence of DME (23). Increased retinal 
thickness in DME is associated with the formation of intraretinal and subretinal 
edema. Edema occurs in the intra-retinal space as a result of extravasation due 
to disruption of the blood-retinal barrier. CRT measurement is valuable in DME 
grading. If the thickness of the retina increases beyond its flexural capacity, it 
can damage bipolar axons, resulting in a reduction in visual signal transmission. 
In such cases, even if DME is resolved, the visual gain may be suboptimal. 
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DME resolution is often accompanied by macular atrophy due to permanent 
photoreceptor damage (24).

Although CRT is a useful anatomical indicator in diagnosis and follow-up, 
it does not have the same effect in estimating visual acuity. Biomarkers such 
as DME pattern, prevalence of retinal involvement, IS/OS (internal segment-
outer segment junction) involvement should be considered. In addition to 
distinguishing subtypes of DME, OCT is used to detect macular traction and 
localized edema in specific retinal layers (25,26). DME may develop as a spongy 
diffuse retinal thickening, cystoid macular edema, and serous retinal detachment 
(27,28). Cystoid macular edema is associated with poorer visual acuity than 
other types (28). In the presence of prolonged or frequently recurrent CME, 
small cystic spaces may coalesce to form much smaller but larger retinal cysts. 

2.2.  Intracranial cystic spaces

While increased VEGF levels in DR do not affect the outer blood-retinal 
barrier, they may affect the inner blood-retinal barrier, resulting in increased 
vascular permeability, extracellular fluid accumulation, and cyst formation 
(29,30). Increased retinal thickness and cyst sizes on OCT were found to be 
associated with the severity of fluid leak on FFA (31). Cystoid spaces in DME 
can cause photoreceptor damage and affect the visual outcome (32). In the late 
stages of DME, cysts larger than 200 μm in the outer nuclear layer have more 
adverse effects on macular functions than small cysts or cystoid formations in 
the inner layer (33,34). This is because cysts in the outer nuclear layer indicate 
photoreceptor damage and IS/OS disruption. Such cases are associated with 
irreversible visual dysfunction (35).

Based on their size, intra-retinal cystoid spaces are divided into three: Small 
cysts (<100 μm), large cysts (101–200 μm), giant cysts (>200 μm). Large cysts 
are associated with poor visual prognosis. Cyst sizes increase as the severity of 
macular ischemia increases (36). Evaluation of cyst dimensions, associated RPE 
and photoreceptor damage, the extent of damage to the inner and outer layers, 
and subretinal fluid are of great value regarding visual acuity and response to 
treatment (33,37).

2.3  Hard exudates

On OCT, hyper-reflective spots greater than 30 μm in the outer retinal layers with 
reflectivity similar to the RPE Bruch complex are considered hard exudates (38). 
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They show background shadowing, unlike hyper-reflective dots. Hard exudates 
are lipoprotein (albumin and fibrin) deposits. Quantitative measurement of hard 
exudates may be helpful in the follow-up and prediction of diabetic maculopathy 
treatment response (39).

1.4. Hyperreflective dots 

Hyperreflective dots that can be seen frequently with OCT in DR are well-
circumscribed, 20-40 μm in diameter, high reflectivity images similar to the 
retinal nerve fiber, which can be found in all layers of the retina and the wall 
of the intraretinal microaneurysm without posterior ghosting (40,41). They 
consist of subclinical lipoprotein that leaks out through disruption of the inner 
blood-retina barrier (42,43). They are primarily found in the inner retinal layers 
and then migrate to the other outer retinal layers. They are markers of retinal 
inflammation (44). Hyperreflective dots are also a precursor to low visual acuity 
(45). Their size and number may decrease after anti-VEGF and steroid implant 
treatments. It has been found that steroid implant provides better results than 
anti-VEGF injection in the presence of hyperreflective dots in DME patients 
(46). A large number of hyperreflective dots on OCT is associated with early 
recurrence of DME after steroid implantation. For this reason, patients with 
hyperreflective dots detected by OCT should be visited more frequently (47). 

1.5. Hyperreflective choroidal foci

Hyperreflective choroidal foci, which can be observed more frequently in the 
proliferative phase of DR, can also be seen in the choroidal layer in DME (48). 
It is believed to progress from the retina to the choroidal layers by disruption of 
the outer limiting membrane (ELM) and ellipsoid zone (EZ) and is associated 
with poor visual prognosis (24).

1.6. Disorganization of the Retinal Inner Layers

Disorganization of the retinal inner layers (DRILL), a visual prognostic OCT 
marker that has been defined in recent years, is defined as a border disorder of at 
least 1 mm in the ganglion cell layer/inner plexiform layer, inner nuclear layer, 
and outer plexiform layer. It may or may not include the central macular area 
(49). Disorganization greater than 50% or >500 μm seen on OCT in the central 
1mm retinal zone is associated with poor visual prognosis. There is a correlation 
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between DRIL and macular capillary non-perfusion and FAZ size (50,51). A 
1-line decrease in visual acuity was observed with a 300 μm increase in DRIL
at 4 months, regardless of macular edema (52). In the case of a 50% decrease in
DRIL, an increase in visual acuity can be expected, while the opposite situation
may be associated with a decrease in visual acuity (53). The presence of DRILL
in diabetic patients without DR findings indicates early neuroretinal damage
(54). Visual acuity has a more significant correlation with the presence of
DRIL (p<0.0001) compared to OCT parameters such as epiretinal membrane
(p=0.5307), ellipsoid zone distortion (p=0.4046), and presence of large cysts
(p=0.2250) (52).

DRILL is associated with outer retinal layer defects, notably EZ and ELM. 
In addition to showing a poor prognosis, it is also an indicator of an advanced 
disease. DRILL has often been described in proliferative diabetic retinopathy 
(PDR) patients (55). On FFA, DRILL with OCT is seen in 84% of non-perfused 
areas (50). 

DRILL has not yet been clearly demonstrated, it can be concluded that 
its correlation with ischemia severity is associated with poor prognosis and 
progressive disease. In light of this information, DRILL appears to be a useful 
OCT biomarker for capillary perfusion and visual activity prediction.

1.7.  The integrity of the ELM and EZ

Long-term DME can cause focal or diffuse loss of ELM and EZ. The health of 
the RPE and retinal photoreceptors is dependent on the integrity of the healthy 
outer retinal layers. An intact IS/OS band, however, is associated with post-
treatment visual gain (24). The IS/OS band can be completely smooth, partially 
discontinuous, or completely irregular (56). Visual gain is more deficient in 
cases with outer retinal disorder. Visual activity correlates with the robustness 
of the ELM and EZ (57).

1.8. Photoreceptor outer segment

The photoreceptor outer segment (PROS) is defined along the photoreceptor 
inner-outer segment junction and the RPE. PROS shows better correlation than 
the foveal macular thickness in visual activity in DME patients (58). Opsin plays 
an essential role in the visual cycle. The outer segments, which are reservoirs of 
opsin, are believed to be more important than the inner segments, as they are a 
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source of adenosine triphosphate. Therefore, PROS is considered as an essential 
prognostic biomarker in eyes with DME. PROS length is shorter in DR or DME 
patients than in non-DR patients (59).

1.9.  Subfoveal neurosensory detachment

The presence of subretinal fluid (SRF) in OCT in DME is a valuable OCT 
biomarker. The decrease in intravascular osmotic pressure, which can be 
associated with hypoalbuminemia, may cause fluid accumulation in the 
subretinal space in DME (60). The role of SRF in final vision and anatomical 
outcomes is unclear. Although the presence of SRF on OCT has been reported to 
be associated with anatomical and functional gains, it has also been associated 
with the poor visual acquisition (61,62). Furthermore, in RESTORE and RISE/
RIDE analyzes, it has been proven that the presence of SRF has a protective role 
and is associated with visual gains (63). 

1.10. Bridging in retinal processes

Bridge in retinal processes is associated with post-treatment visual activity and 
occurs between cystic spaces. These tissues mark the residual neural elements 
that connect the inner and outer retina, thereby assisting in the transfer of optical 
transmission from the inner retinal layers to the optic nerve axons (64). Although 
its content is not known precisely, it is thought to be an important component 
of Mullerian and bipolar cells. The absence of this bridging also indicates poor 
vision prognosis after treatment. Even if the cyst resolves, visual gain does not 
develop, resulting in foveal atrophy and thinning (65). 

1.11. Neovascularization and IRMA

The IRMA observed in the transition to the proliferative stage are shunt vessels 
seen at the border of the nonperfused retinal area (66,67). Neovascularization 
and IRMA are difficult to distinguish by biomicroscopic examination. The inner 
limiting membrane (ILM) is of importance in the differentiation of these two 
lesions. The ILM on the IRMA is intact. In contrast, in NV, the ILM is not intact, 
and the vascular lesion projects onto the retinal surface or into the vitreous (68).

1.12. Subfoveal choroidal thickness

Subfoveal choroidal thickness measurement may provide insight into the 
response to anti-VEGF therapy (69). Outer retinal ischemia is less expected 
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in cases with initially greater subfoveal choroidal thickness. A better response 
to anti-VEGF therapy can be expected in these cases, whose photoreceptor 
functions are better preserved (24). On the other hand, the relationship between 
increased choroidal thickness and VEGF levels may also result in increased DR 
severity (70).

1.13. Choroidal vascularity index

Choroidal vascularity index (CVI), which has emerged as a new OCT parameter 
to follow DR progression in recent years, has been defined as the ratio of the 
choroidal luminal area to the whole choroidal area (71). Unlike choroidal 
thickness, CVI is not affected by ocular and systemic factors. A decrease in CVI 
is seen in DR and correlates with DR progression. PDR patients have a lower 
CVI compared to mild and moderate NPDR patients (72).

1.14. Thickened posterior hyaloid membrane

Epiretinal membrane, vitreomacular traction, vitreomacular adhesion, and 
thickened posterior hyaloid membranes are frequently seen with OCT in DR 
patients (73). Vitreous anomalies that can be seen in patients with DR may cause 
posterior vitreous detachment. Often the posterior hyaloid forms a layer that can 
cause traction and mechanical deterioration of the retina. This taut layer is called 
the posterior hyaloid membrane and is responsible for persistent macular edema 
(74,75). Visual improvement and reduction in macular thickness are known 
to occur as a result of the spontaneous or surgical detachment of the posterior 
hyaloid membrane (76,77).

3. Optical Coherence Tomography Angiography (OCTA)

Optical coherence tomography angiography (OCTA) provides imaging of 
retinal and choroidal vessels without the use of contrast material. It gives 
the image of erythrocytes moving in blood vessels by light reflection non-
invasively. In addition to the high-detail 3D vascularity image, it also provides 
information about blood flow with the motion contrast of erythrocytes. Thus, 
it provides crucial data related to DR, such as high flow and ischemia areas. 
Findings that may develop due to diabetes such as capillary non-perfusion 
areas, microaneurysms, foveal avascular zone (FAZ) enlargement, increase 
in the perifoveal intercapillary area, retinal capillary tortuosity and dilatation, 
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choriocapillaris abnormalities, IRMA, and retinal neovascularization can be 
observed via OCTA. 

OCTA can identify retina and choroid with high quality by segmentation. 
There are segmentations as superficial capillary plexus (SCP) (between the inner 
limiting membrane and inner plexiform layer), deep capillary plexus (DCP) 
(between inner plexiform layer and outer plexiform layer), as well as avascular 
outer retina, choroid, choriocapillaris layers (78,79). Recently the middle 
capillary plexus (MCP) has also been described as the side of the inner nuclear 
layer facing the inner plexiform layer and is expected to provide additional 
insight into ischemic pathology in DR in combination with SCP and DCP (80). 
OCTA is unique because it allows analysis of all 3 retinal capillary plexuses, 
which are critical for understanding pathological changes in DR (80,81).

In OCTA, microaneurysms appear as focal dilatations, particularly in the 
retinal capillaries adjacent to the FAZ (82,83). It is widely believed that the FAZ 
in DR shows pathological enlargement with loss of asymmetry and circularity in 
the superficial/deep capillary plexuses, even before signs of retinopathy appear 
(84,85). FAZ enlargement results from microinfarctions in vascular capillaries, 
reducing macular function and visual activity. On the other hand, the FAZ 
area increases proportionally with the severity of peripheral ischemia and DR 
(86,87). Weakening of deep capillary bed current was associated with loss of 
photoreceptor layer integrity (88,89). 

Some microaneurysms detected by FA localize with focal dilated saccular 
or fusiform capillaries in OCTA (90). Although it does not use contrast material, 
it can provide information on subjects parallel to FFA, such as microaneurysm 
and nonperfusion areas (91). In FFA, the image is limited to SCP only, while 
OCTA also provides the opportunity to evaluate DCP (92). 

Recently, the best OCTA parameters for grouping DR by severity have 
been revealed as SCP FAZ, DCP vessel density, and foveal circularity (93). 
Other parameters such as blood flow, vascular branching confusion, and vessel 
diameter can also support clinical judgment by showing the severity of DR 
(94,95). The recommended parameters to be used in quantitative measurement 
in OCTA are as follows; vascular density (vascular area density or vessel 
perfusion density), vessel spacing/inter-capillary area, vessel length-adjusted 
OCTA (vascular length density or structural density), vessel diameter index 
(VDI), total vessel length, vascular structure and branching, and foveal avascular 
zone (96). (Figure 2)
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 3.1.  OCTA findings on nonproliferative diabetic retinopathy

In the nonproliferative phase of DR, findings such as enlargement of the 
foveal avascular zone (FAZ), microaneurysms, increased vascular tortuosity, 
increase and irregularity in the perifoveal intercapillary area, and capillary 
nonperfusion areas can be detected with OCTA. These changes are best 
visualized at the superficial capillary plexus level (97). Most microaneurysms 
seen as hyperfluorescent spots on FFA can be selected as dilated saccular or 
fusiform capillaries in OCTA (98,99). The origin of microaneurysms in the 
deep and superficial capillary plexus can also be determined using OCTA. In 
DR, it is possible to detect pathological changes at the microvascular level with 
OCTA before the findings appear with clinical examination and color fundus 
photography (100-102). 

In these cases, vascular pathologies such as FAZ changes, non-perfused 
capillary structures, and disturbances in choriocapillaris blood flow can be 
identified (101,103-105). 

 3.2.  OCTA findings on proliferative diabetic retinopathy

In the DR proliferative stage, especially IRMA and non-perfused capillary 
areas are dominant in OCTA. In distinguishing IRMA from neovascularization, 
OCTA can help identify cases that cannot be detected on clinical examination 
and FFA. IRMAs appear as focal areas of increased intraretinal blood flow on 
SCP in OCTA (106). The IRMA signals flow below the ILM, while the NVE in 
the preretinal space is seen as flow spaces above the ILM. OCTA is a beneficial 
method to distinguish between IRMA and NV (107). It has been reported 
that preretinal neovascularization and IRMAs are contiguous in OCTA (108). 
It has been shown that 3 out of 10 cases of IRMA subsequently progress to 
preretinal NVE (109). It is possible to detect abnormal vascular formations that 
may develop due to DR in the retina with OCTA. In addition, OCTA can make 
valuable contributions in differentiating optic disc neovascularization from 
collateral formation (110-113). 

Thanks to the different neovascularization patterns described in OCTA, 
it would be helpful to monitor treatment response with OCTA (114). OCTA is 
superior to FFA in imaging neovascularization (115). Although OCTA cannot 
show liquid leakage and pooling, it is not affected by the image uncertainties due 
to dye leakage as much as FFA is.
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 3.3. OCTA findings on diabetic macular edema

The combination of diabetic macular edema (DME) and ischemic maculopathy 
is called diabetic maculopathy. The proliferative or nonproliferative phase due 
to leakage of DME retinal capillaries can be seen in DR (116). 

Nonperfusion and FAZ enlargement in the parafoveal area indicate diabetic 
macular ischemia. 

While it is not possible to define the FAZ boundaries and the perifoveal 
intercapillary area exactly with FFA, the borders can be displayed more clearly 
and in detail with the high-resolution microvascular detail provided by OCTA. 
Non-perfused areas near the macula are observed on OCTA as areas where 
capillaries are not visible, and irregular capillaries at their edges can be discerned. 
Parafoveal vessel density, regional flow area, the non-perfused capillary area 
can be measured quantitatively. FFA and OCTA show high similarity in catching 
macular ischemia in DR patients (117,118). FAZ enlargement detected in 
OCTA, as in FFA, is also associated with visual acuity (119,120). In DME cases, 
OCTA can distinguish non-perfused areas, FAZ changes, cystic changes, and 
microaneurysms. Increased FAZ area and deep capillary plexus microaneurysm 
have predictive value in anti-VEGF treatment response in DME (121).

OCTA can detect cystoid spaces segmentally and show changes in 
microvascular structure in SCP and DCP (122), (Figure 3). Areas with impaired 
capillary perfusion are thought actually to coincide with cystoid spaces (123). Thus, 
real ischemia and cystoid space areas can sometimes be confused in OCTA and 
cause misinterpretations. In addition, interpretation of FAZ change in DCP 
becomes problematic in the presence of edema (124). It can be differentiated from 
actual non-perfused areas by considering the features of cysts, such as being more 
well-circumscribed and not localized in accordance with the vascular pattern (125). 
It is also known that cystoid spaces cannot show re-perfusion in the post-treatment 
period (126). 

The advantages of OCTA are that it can show vascular structures 
non-invasively, show deep capillary plexus, can be performed quickly and 
safely, provide vascular detail, non-perfusion and vessel diameter information 
without staining and pooling. 

The major disadvantage of OCTA is its small imaging area (typically 3×3 
mm or 6×6 mm parafoveal area). Imaging in peripheral areas is limited. Its 
other limitations are the inability to image the destruction of the blood-retina 
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barrier and the leakage with increased vascular permeability, the inability to 
show all microaneurysms, and the tendency for artifacts (127,128). With OCTA, 
hyporeflective intraretinal cysts can be misinterpreted as an area of ischemia. Eye 
movements, ocular structure, image processing and imaging strategies may cause 
erroneous interpretations (129). However, it is highly critical to quantitatively 
measure the vascular changes seen in DR, determine disease severity, choose the 
appropriate treatment option, and follow up. With ongoing development studies, 
OCTA is a promising imaging modality despite all its limitations. 

4. Conclusion

OCT and OCTA have opened new horizons in the diagnosis and treatment of 
DRP and DME with the advantages of non-invasive detailed imaging. As a 
result of the pathological changes that can be detected by these technologies 
before the symptoms of DR begin, new perspectives are provided thanks to 
early possibilities in the approach to the disease and markers in the follow-up.
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Figure 1: OCT imaging of diabetic macular edema

Figure 2: Irregularity in the perifoveal capillary network and non-capillary perfused 
areas are seen more detail and clear borders in the OCTA SCP image compared to FA

Figure 3: OCTA and OCT images show cystoid spaces in DCP
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1. Introduction

Today, diabetic retinopathy (DR) is one of the leading causes of permanent 
vision loss in developed societies (1). According to the World Health 
Organization (WHO), by the year of 2016, there are 422 million adults 

with diabetes, and this number is expected to rise to 750 million by 2030 (2). As 
a result of the complications related to DR and its associated diabetic macular 
edema (DME) and proliferative diabetic retinopathy (PDR), the anatomical and 
functional structure of the retina deteriorates, and thus vision loss occurs (3).

 Visual loss due to DR and DME can be pre-defined with clinical 
examination and imaging methods. In diagnosis; staging, treatment, follow-up 
phases, and various imaging methods are used. Color fundus imaging, FFA, and 
OCT, have been used as gold-standard imaging for years. Fundus photograph is 
beneficial in documenting changes in the retina over time and may be helpful in 
screening patients with DM for retinopathy. USG enables retinal assessment in 
patients with media opacity such as vitreous hemorrhage or cataract. The use of 
fundus autofluorescence and optical coherence tomography (OCT) has become 
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an indispensable method in the diagnosis and follow-up of diabetic macular 
edema (DME). 

In recent years, the development of wide-field and ultra wide-field imaging 
has also made it possible to examine the peripheral retina, which has a crucial 
importance in DR.

2. Fundus Photography Techniques

Fundus photography is frequently used to document the prevalence of DR, 
clinical evaluation, research, and education. Fundus photography, which 
promises high resolution, is non-invasive and can be easily applied. Thanks 
to digital fundus photographs, high-quality fundus color images can be taken 
without the requirement for pupil dilation. In the standard protocol prepared 
by the diabetic retinopathy study and modified ETDRS for DR classification, 
numerical scoring is performed based on the presence of microaneurysm, 
intra-retinal hemorrhage, venous pilling, hard and soft exudate, arteriovenous 
nicking, retinal thickening, intra-retinal microvascular abnormalities, vitreous 
hemorrhage, and neovascularization in imaging findings (4). In ETDRS 
stereoscopic color fundus photography, identification of macular edema is 
performed by determining the location, extent, and severity of retinal thickening. 
Clinically significant macular edema is diagnosed when one of the following 
features is present: any retinal thickening within 500 μm of the macular center, 
hemorrhagic exudates and adjacent retinal thickenings within 500 μm of the 
macular center, or retinal thickening of at least 1 disc area within 1 disc diameter 
of the retinal macular center. (5). Fundus photography can be performed in 2 ways 
as standard and wide-angle. Standard fundus photography can provide images 
from 30-50 degrees in each shot (Figure 1). The sensitivity and specificity 
of digital photography using mydriatic for DR were reported as 87.8% and 
86.1%, respectively (6). 

However, in composite imaging, where seven standard images are 
combined, and a single 75-degree image is obtained, the peripheral retina 
can be visualized better. It has also been reported that pupil dilation in fundus 
photography reduce the technical errors in the shooting but does not change the 
sensitivity and specificity rates (7). 

On the other hand, stereoscopic fundus photography is created by converting 
photos taken from two different angles into three dimensions stereoscopically. 
It is used to detect pathologies such as proliferative formations and macular 
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edema that require three-dimensional evaluation. In addition to being a laborious 
method despite its appealing image quality, its significant disadvantages are 
that there is no apparent difference in determining the severity of DR between 
monoscopic and stereoscopic imaging (8). 

Evaluation of the fundus photograph by an experienced interpreter is 
critical for DR scanning (9). With digital-based telemedicine initiatives, fundus 
photography has been shown to be of high accuracy and is recommended for 
application worldwide to expand access to DR scanning (10-12). Automated 
machine algorithms have also been demonstrated to be effective for DR scanning 
(13). There are current studies showing that the specificity and sensitivity in 
the diagnosis of DR and DME with the use of artificial intelligence in fundus 
photography are rather high (14-16).

Fundus photography is highly beneficial as it is widely available and non-
invasive. Its significant advantages are that it is considered the gold standard for 
diagnosis and is used in staging along with clinical examination. On the other 
hand, standard photography provides only a two-dimensional image, and not 
qualitative but quantitative evaluation. With fundus imaging, retinal exudation, 
bleeding, microaneurysm, venous pilling, IRMA, and neovascularizations can 
be detected. 

Wide-angle imaging is also another major innovation in color fundus 
photography. Ultra wide-field (UWF) fundus photography has technology that 
captures an area of up to 200° in a single image, unlike 30-55° field imaging in 
standard fundus photography. UWF imaging has not only the advantage of good 
DR staging, but also has a short imaging time (17). Moreover, UWF technology 
reduces the rate of undetectable findings by 71% and can identify 17% more 
DR than standard field fundus photography (18,19). The risk of progression to 
PDR is increased 4.7 times in patients with peripheral lesions compared to those 
without peripheral lesions in DR (20). UWF imaging has prognostic importance 
in this respect, as it can obtain peripheral lesions up to 80% of the total retina. 
High cost, artifacts due to external ocular structures, and image distortions can 
be counted among its disadvantages (21).

3. Fundus Fluorescein Angiography

3.1.  Classical Fundus Fluorescein Angiography

Fundus fluorescein angiography (FFA) is a dye-based invasive test performed 
to detect subtle neovascularization, search for areas of capillary nonperfusion, 
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diagnose macular ischemia, and distinguish between focal and diffuse capillary 
bed leak in cases of macular edema. It is the gold standard for imaging retinal 
vascularity (22). The maximum dose for adults of the fluorescein dye used in FFA 
is 1,000 mg (15 mg/kg). The fluorescein dye solution is administered through 
the antecubital vein into the systemic circulation. It is metabolized by the liver 
and kidneys and excreted in the urine within 24 hours (23-25). Since the dye, 
which can cause yellowing on the skin, is sensitive to light, overexposure to the 
sun can cause skin burns (25). Complications of fluorescein dye include nausea 
(10%), vomiting (1%), anaphylaxis (1/40,000), and death (1/200,000) (26,27).

The most important advantage of FFA is its capability of monitoring 
vascular flow and permeability over time (28). It assists in defining retinal 
capillary non-perfusion, microaneurysm, vascular leakage, neovascularization, 
and foveal avascular zone (FAZ) enlargement and irregularity. Since FFA allows 
for fluid leakage and pooling, it allows the assessment of retinal vascular changes 
such as occult neovascularization that may be missed during the routine clinical 
dilated examination. A fluid leak seen on the FFA identifies the targeted source 
of the damaged vessel and neovascularization for laser therapy. However, from 
time to time, these fluid leaks can also block the visualization of underlying 
pathologies. Despite its excellent sensitivity in detecting early DR, the use of 
FFA as a screening tool is not recommended.

In the first 13-28 seconds (early phase) and 35-120 seconds (mid-phase) 
images following the intravenous injection of the dye solution, the capillary loss, 
capillary enlargement, narrowing of arterioles, blunting, and FAZ enlargement 
are evaluated. In 7-9 minutes (late phase) images, on the other hand, fluorescein 
leakage, source of leakage, cystoid changes can be defined. Focal leaks are 
believed to be associated with microaneurysms with relatively preserved 
vascular integrity, while diffuse capillary leak is believed to be related to diffuse 
capillary leak (22). 

Four different classifications of DME were made in FFA as focal, diffuse, 
cystoid, and ischemic edema. Among them, focal edema has the best prognosis, 
while ischemic edema is the worst type in this regard (29,30).

Microaneurysms are characterized as sharply circumscribed localized areas 
of enlargement in the capillary wall. They are among the first findings in DR 
cases (31,32). In addition to being beneficial in distinguishing microaneurysms 
from small retinal bleedings, FFA is also superior in detecting microaneurysms 
that are not noticed by other clinical methods (31). Another aspect where FFA 
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is superior is the distinction between intra-retinal microvascular (IRMA) and 
neovascularization (NVE) (22). Emerging neovascularization is difficult to 
distinguish clinically from initially present capillary dilatation or IRMA. 
Dilated capillary structure or IRMA does not cause fluid leakage, whereas 
neovascularization causes leakage, making it possible to differentiate with 
FFA (31), Figure 2).

The most common lesion causing blockage in FFA is caused by bleeding. 
Sub-ILM bleedings prevent visualization of all underlying lesions, while inferior 
flaming bleedings allow partial visualization of the nerve fiber layer (24). 

Soft exudates develop due to neuroretinal damage caused by focal ischemia. 
The FFA image of soft exudates with the appearance of discarded cotton with 
indistinct borders shows hypofluorescence. While the capillary non-perfused 
areas do not show fluorescence in FFA, the adjacent pathological capillary may 
give the appearance of dye leakage. Non-perfused ischemic areas near the fovea 
lead to poor functional outcomes. FAZ enlargement in FFA is associated with 
insufficient visual activity (33,34). 

3.2. Ultra-widefield FFA (UWF FFA)

Conventional fundus photography and angiography provide essential 
information from the 30-50 degree central retinal area (35). Widefield imaging 
is used to view the fundus greater than 50 degrees, and ultra-widefield imaging 
is used to view the fundus greater than 100 degrees (36). It is also possible 
to take an additional 20-30 degrees of view with peripheral shots. UWF FFA 
can also detect retinal pathologies in diabetic patients that are not apparent on 
conventional imaging (37). Expanded field-of-view images are critical when 
detecting early signs of DR in the mid-periphery. It has been reported that UWF 
imaging is 10% better in DR therapeutic decisions when compared to 7-field 
ETDRS 75-degree fundus photography (38). Increased peripheral ischemia on 
UWF FFA imaging is connected with the presence of DME. Large non-perfusion 
areas with persistent DME that require comprehensive treatment are shown 
using the UWF FFA automatic ischemia calculation index (39). Automatic 
microaneurysm, neovascularization, and ischemia areas calculation software 
has been developed in UWF FFA imaging systems (40).

The most important disadvantage of FFA is that it is an invasive and time-
consuming application. Despite this handicap, it is used as the gold standard 
method in the evaluation of vascular leakage and vascular blood flow. It 
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provides a more sensitive image than OCTA for lesions with low blood flow. It 
remains the most significant tool for identifying peripheral proliferative lesions, 
especially with newly discovered UWF FFAs, and the gold standard for diabetic 
macular ischemia defined by FAZ enlargement and paramacular retinal capillary 
loss FFA (22,41). 

4. Fundus Autofluorescence and Near-Infrared Autofluorescence

Fundus autofluorescence (FAF) is a rapid and non-invasive technique for imaging 
DME findings. The short-wavelength FAF receives signals mainly from lipofuscin 
in the RPE (42). Based on the wavelength, two types of FAF are frequently used 
in the clinic; blue light autofluorescence (BL-FAF) receives the signal with a short 
wavelength specific to lipofuscin 488nm, while the near-infrared autofluorescence 
(NIR-FAF) 787 nm receives its signal from the melanin in the RPE and choroid 
(43). Increased FAF signal has been reported in DME patients (44-46). As a result 
of local ocular inflammation and oxidative stress in DR, lipofuscin increases, and 
the amount of lutein and zeaxanthin in the macula decreases (44,47). This is the 
reason why the FAF signal is increased in DME cases. Microglia activation in 
diabetes may cause protein and lipid oxidation (48). Histological studies have 
found lipofuscin accumulated in microglia, and significant FAF changes have 
been described in diabetic patients without retinopathy (49). FAF has a sensitivity 
of 81% and a specificity of 69% in detecting cystoid macular edema (CME) (50). 
FAF patterns have been defined as single cyst increased signal, multicystic FAF, 
combined single-multicystic FAF. Compared to visual acuity, FAF correlates 
better with OCT patterns and central field microperimetry (44). Increased FAF 
signal (hyperautofluorescence) is associated with worsening visual acuity and 
increased macular thickness on OCT (51). 

Infrared autofluorescence is beneficial because it is less affected by 
ambient opacity and cataracts. It is also suitable for use in the presence of 
blood-retinal hyperpigmentation, dense exudate, or subretinal fluid (52,53). 
Recently, green-light autofluorescence has started to gain popularity. Green-light 
autofluorescence (GAF-518 nm), which is less absorbed by macular pigments, 
may provide beneficial potential information about the optic nerve head (54). 

5. Multicolor Fundus Imaging

It is a non-invasive imaging method that can easily take three simultaneous 
reflection images using confocal multicolor, monochromatic blue (486 nm 



IMAGING METHODS AND FINDINGS “IN DIABETIC RETINOPATHY AND DIABETIC MACULA EDEMA       81

wavelength), green (518 nm), and infrared (815 nm) light (55,56). Images from 
the different retinal layers that each wavelength reaches are superimposed. The 
longer wavelength provides better penetration into the deep retinal structures, 
while the shorter wavelength can analyze different retinal features due to its 
high concentration in the superficial tissues. Blue light provides inner retina 
and vitreoretinal interface imaging with the shortest wavelength, and green 
light is absorbed by hemoglobin, providing retinal vascularity imaging. The 
infrared laser, on the other hand, reaches the deepest layer and provides 
information about the outer retina, RPE, and choroid (56). Multicolor fundus 
imaging has been reported to show high parallelism with SD-OCT in imaging 
different types of microaneurysms (57). 

6. Retinal Oximeter

It is a type of imaging that maps according to oxygen saturation in hemoglobin 
(Figure 3). Depending on the oxygenation sensitivity, simultaneous 
images obtained from two different wavelengths at 570 and 600 nm are 
combined (58). It is non-invasive and provides reliable results thanks to low 
variability in repeated measurements (59). Retinal venous oxygen 
saturations are high in DR, and arteriovenous difference gradually 
decreases (60). VEGF levels rise in the retina, which remains hypoxic. 
Oximetry is an imaging technique that aids to automatically measure DR 
severity and predict response to treatment.

7. Conclusion

As a result, there are many different imaging options for DR and DME 
imaging, and each option has distinct advantages in the clinic. Thanks to recent 
advances in imaging technology, it is now possible to detect disease at an early 
stage and assess therapy efficacy. 
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Figure 1: Standard fundus photography in diyabetic retinopathy

Figure 2: Fundus fluorescein angiography (FFA) images of mild non-proliferative (A) and proliferative 
diabetic retinopathy (DR) (B, C). FFA appearances of microvascular lesions of DR are observed in 

angiography (yellow arrow; microaneurysm, blue arrow; capillary non-perfusion areas, green arrow; 
retinal neovascularization, red arrow; disc neovascularization, orange arrow; indicates intraretinal 

microvascular anomaly).

Figure 3: Retinal Oximeter gives images according to oxygen saturation 
in hemoglobin
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1. Introduction

Diabetic macular edema (DME) is the most common cause of low 
vision in diabetic patients. If they do not receive adequate treatment, 
serious vision loss occurs in a short time. Before the use of intravitreal 

treatment options, laser photocoagulation was accepted as the most effective 
treatment method in the treatment of DME for a long time (1). 

Vision loss was prevented in half of the patients who had only laser 
treatment. Visual improvement was achieved in approximately 1/5 of them. 
Complications of laser therapy include scotoma, decreased color vision, 
secondary subretinal neovascularizations, and enlargement of the laser 
scar (2).

 Recently, intravitreal anti-vascular endothelial growth factors (VEGF) 
and steroids have been widely used in the treatment of DME. VEGF load is 
increased secondary to hypoxia and hyperglycemia in diabetic retinopathy. It 
was determined that the increased amount of VEGF was correlated with the 
increase in DME and vascular permeability. 

 As a result of the studies, a significant increase in vision was found 
in patients after the use of anti-VEGF agents in the treatment of DME. 
Complications related to laser are considerably reduced. Anti-VEGF agents 
are now widely used in the treatment of DME. The most commonly used 
are: Pegaptanib, Bevacizumab, Ranibizumab, Aflibercept and Conbercept 
(3).
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2. Anti-VEGF Drugs

2.1  Pegaptanib:

Pegaptanib binds VEGF165. It can be applied monthly or intravitreally every 6 
weeks. Studies have shown that Pegaptanib reduces the need for laser treatment, 
and it has been found to be superior to laser treatment with its contribution to the 
level of vision. Studies have shown that pegaptanib administered every 6 weeks 
in the first year provides approximately 10 letter gains in vision at the end of the 
first year. In the pegaptanib group, the mean visual gain at the end of the 2nd 
year was 8-9 letters, while in the laser group this rate was 1.5 letters (4). Today, 
pegaptanib has lost its effectiveness and is not used in daily practice.

2.2  Ranibizumab

Ranibizumab was developed as a monoclonal antibody. Fab part is active. 
It acts by binding to VEGF-A. It was first tried in the READ-1 study and a 
significant reduction in foveal thickness was found as a result of the study. Later 
in the RESOLVE study, 0.3 mg and 0.5 mg ranibizumab were tried in patients 
followed up with DME. At the end of the first year, it was determined that 
the patients gained more than 12 and 9 letters. Ranibizumab treatment alone 
was compared with the only-laser patient group and the laser-administered 
patient group combined with ranibizumab in the RESTORE and DRCR-NET 
studies (5). 

 The RESTORE study continued for 3 years. As a result, it was determined 
that there was 8 letter gain in the patients who only applied ranibizumab, 7 
letters in the combined group and 2.5 letters in the only laser group. The 
reduction in central retinal thickness was greater in the ranibizumab-only group. 
At the end of the second year, letter gains were 8 in the ranibizumab group, 7 
in the combined group, and 5.8 in the laser group. At the end of the 3rd year, it 
was observed that there was an increase of approximately 3 letters in the group 
receiving ranibizumab (6).

 In this study, it was observed that ranibizumab can be applied alone and 
combined laser application can significantly increase the effectiveness of the 
treatment. It is also thought that combined laser application may reduce the 
need for injection. In another study, DRCR-NET, it was found that ranibizumab 
and late applied laser had higher visual acuity improvement. Thus, monthly 
administration of ranibizumab and continued until the stability of the visual level 
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is recommended, and its combination with laser when necessary is considered to 
be the most effective treatment option (7). 

2.3  Aflibercept

Aflibercept is a fusion protein targeting VEGF A and B, also called a VEGF 
trap. It binds and blocks all isoforms of VEGF-A and placental growth factor. 
Its effectiveness has been investigated by the DAVINCI study and its positive 
effects on vision have been shown to be significant.

In the study, it was determined that it provided an average of 10-12 letter 
increase in vision. Patients were treated for approximately 1 year and 0.5 mg of 
aflibercept was administered. Two different treatment protocols were determined 
for the application of aflibercept, and after 5 injections administered monthly 
to the first group, they were administered with a 2-month interval between 
injections. Monthly injection was applied to the other group. At the end of the 
first year, aflibercept treatment was found to be significantly superior to laser 
treatment. It was determined that the treatment applied every 2 months after 5 
injections applied monthly was not superior to the monthly treatment (8). 

2.4  Bevacizumab

It shows its effect by clinging to VEGF-A. It blocks VEGF-A. In the 
BOLT study, patients treated with bevacizumab were compared with 
those treated with laser. In the study, while the average letter gain in the 
vision of the patients who received bevacizumab was 8, there was about 
1 letter gain in the vision of the patients who underwent laser treatment.  
In another study, patients who received only bevacizumab and those who 
received bevacizumab + steroids were compared, as a result, it was observed 
that both groups had similar efficacy (9).

Although it is used with FDA approval in the treatment of metastatic colon 
cancers, it is also used in the eyes without approval in DRP and AMD patients. 
The standard treatment dose is 1.25 mg.

 The DRCR.net Protocol T study was compared with ranibizumab and 
aflibecept in patients with diabetic macular edema. In the early part of the study, 
the increase in vision was greatest in patients receiving aflibercept. At the end 
of the study, similar results were obtained with ranibizumab and aflibercept in 
efficacy on vision. In the study, the effectiveness of bevacizumab was found 
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to be lower both in the early and late periods. As the side effect profile of 
bevacizumab, it was thought that systemic side effects may be more frequent, 
since systemic circulation is more common (10).

The most important side effect is an increase in thromboembolic and 
cardiovascular events.

2.5  Conbercept

It is a recombinant fusion protein that binds with high affinity to all VEGF 
isoforms. It was first used in wet type macular degeneration in China. Currently, 
phase 3 study is still being carried out. 

Its effectiveness in the treatment of DME was examined by the Sailing 
study, and the comparison was made against the laser group. At the end of 1 
year, conbercept treatment was found to be superior to laser treatment in visual 
terms. In addition, it was found to be similar to the sham and laser groups in 
terms of side effects and safety profile. It is a new drug that is thought to be used 
together with other anti-VEGF agents in the future (11).

3.  Steroids

Steroids are another important agent involved in the treatment of diabetic macular 
edema. Its main mechanism of action is suppression of inflammation. They 
increase the adhesion molecules in the blood-retina barrier, thus contributing 
to the reduction of vascular permeability. While providing this, they cause an 
increase in ICAM-1 molecules and slow down the leukocyte migration. In 
addition to suppressing inflammation, steroids also inhibit VEGF. With multiple 
mechanisms of action, they strongly contribute to the reduction of edema. 
Therefore, they can generally be used together with anti-VEGF agents in the 
treatment of diabetic macular edema (12).

3.1  Dexametazon Impltant (Ozurdex)

Dexamethasone implant (OZURDEX) has been tried in many studies in the 
treatment of DRP. First, the PLACID study was compared to the Laser group, 
and it was observed that the visual gain at the end of the 1st and 9th months 
was higher in the ozurdex group. In this study, although none of the patients 
developed glaucoma, cataract surgery was performed in 4 patients (13). 

 The MEAD study is one of the most effective studies of ozurdex in the 
treatment of diabetic macular edema. The study continued for 3 years. In the 
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study, the 0.7 mg dose of ozurdex and the 0.35 mg dose were compared to the 
sham and laser groups. As a result of the study, the best visual level was achieved 
in the group treated with the 0.7 mg dose. There were patients in both groups 
with steroid-related visual side effects such as cataracts and glaucoma (14). 

 A comparison of bevacizumab and ozurdex 0.7 mg implant was made in 
the BEVORDEX study. In this study, the effects of bevacizumab and ozurdex 
on letter acquisition were found to be similar. However, it was observed that 
there was more vision loss due to cataract development in patients who were 
administered ozurdex in the following periods (15). 

 In the Champlain study, ozurdex implant was tried on patients who 
underwent vitrectomy, and it was found to be effective on visual prognosis in 
this study (16). 

 Since ozurdex increases the development of cataracts and causes an 
increase in intraocular pressure, the FDA has approved an interval of 6 months. 
Ozurdex implant can stay in the eye for 6 months and release steroids. In the 
studies, it was observed that the increase in edema after ozurdex recurred in less 
than 6 months.

3.2  Fluosinolon Asetonid

It was approved for use in 2014 with the FAME study. Since they can increase 
intraocular pressure, they are approved for use in patients who do not have an increase 
in intraocular pressure. It has activity in the eye that lasts up to about 1 year. It is used 
as 0.19 mg. Compared to laser treatment, they contributed more to vision (17). 

 Another 0.59 mg slow-release form of FA is available. It is introduced 
from the pars plane into the vitreous and then sutured to the sclera. It releases 
about 0.3-0.4 micrograms of steroids from here, and thus its effectiveness can 
continue for up to about 30 months. Approved for the treatment of posterior 
uveitis. They were also compared to the laser group in the treatment of diabetic 
macular edema and were found to be superior to laser treatment (18). 

 They both contributed more to the visual prognosis and provided a 
significant reduction in retinal thickness. At the end of the study, 90% of the 
patients developed cataracts and 60% developed glaucoma. Due to the side 
effect profile of steroids, it is recommended to be used in the treatment of chronic 
macular edema or as an adjuvant with anti-VEGFs. Especially in patients who 
do not respond to anti-VEGF injections up to 3 or 6 injections, steroids can be 
switched. 
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 The effect of the IVFA implant lasts longer than Ozurdex. Although 
this situation creates comfort for patients, cataracts and increased intraocular 
pressure are more common in these patients in the long term. 

3.3  Triamsinolon Asetonid

Triamcinolone asetonid is another steroid agent. This, like other steroids, 
contributes to the reduction of edema in DME by both suppressing inflammation 
and reducing the level of vegf. They can be applied intravitreal and subtenon. 
Its effectiveness can last up to 3 months. In the studies performed, no significant 
difference was found between the intravitreal application of TA and the subtenon 
application in terms of visual and retinal thickness thinning. Although the 
effect of TA continues for up to 3 months, it is not slow-released like other 
preparations. Therefore, it does not have sufficient effect in the long run. Short-
term effectiveness is available (19). 

 Its effectiveness was investigated by the DRCR.net study. In the Protocol 
B study, the effectiveness of TA on visual gain was found to be less than focal/
grid laser treatment. The reason for this was thought to be TA-induced cataract. 
Later, in the Protocol I study, TA was found to be superior to focal/grid laser 
therapy in pseudophakic eyes. In the same study, the patient group treated with 
TA+focal/grid laser and the patient group treated with ranibizumab+focal/grid 
laser were compared and the efficacy of the 2 groups was found to be similar. 
The half-life of TA is significantly reduced in vitrectomized eyes. In addition, 
TA has FDA approval for inflammatory diseases. There is no FDA approval for 
its use in the treatment of DME (20). 

 In conclusion, steroids should not be used alone for a long time due 
to their side effects in the treatment of DME. It is recommended to be used 
especially in chronic macular edema and in cases resistant to anti-VEGFs. As 
another option, they can be an alternative in noncompliant patients who cannot 
continue with frequent anti-VEGF therapy. Complications such as cataract and 
increased intraocular pressure should always be considered.
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Introduction

Diabetes and complications occur with a physiological imbalance of 
the molecules responsible for the regulation of glucose metabolism. 
Diabetes mellitus (DM) is a metabolic disease which develops as a 

result of reduced insulin secretion and insulin resistance and is characterised by 
hyperglycemia. It affects 1.5%-2% of the general population (1). 

The most frequently seen complication of DM is diabetic retinopathy 
(DR) (1). Diabetic microvascular complications are related to the severity and 
duration of hyperglycemia (2, 3). According to the Wisconsin Epidemiological 
Diabetic Retinopathy Study, a significant degree of DR was determined in 99% 
of DM patients with 20-year insulin dependence and in 60% of DM patients not 
dependent on insulin (4). An important limitation of treatment in DR is metabolic 
control. Moreover, conditions where metabolic control cannot be provided or is 
insufficient can lead to progression of DR and blindness. In such situations, 
treatments applied locally to the eye are predominant. Laser photocoagulation 
represents an important step in DR treatment. Laser indications in DR include

1. Diabetic macular oedema
2. Advanced non-proliferative diabetic retinopathy
3. Proliferative diabetic retinopathy (5).

Laser treatment in DR is based on there being no development or only mild DR 
findings in diseases with chorioretinal scar development such as degenerative 
myopia, and retinitis pigmentosa (6). The first laser in the treatment of diabetic 
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retinopathy was used by Meyer-Schwickerath in 1954. With this method, the 
treatment directly targets vessels, but it has been observed that retinal full layer 
damage and nerve fibre bundle defects form, it is ineffective in the optic nerve 
and vessels in the vitreus, and there is a greater frequency of recurrence in 
treated areas (7). 

The first indirect laser application was by Beetham and Aiello in 1968, 
which laid the foundations of the currently applied laser treatments. It has been 
suggested that new vessels could regress associated with reduced vascular 
congestion as a mechanism associated with the formation of retinal scar (8). The 
effect mechanisms of laser treatment in DR have still not been able to be fully 
explained. 

Mechanisms have been suggested such as reduced angiogenic stimulus 
through the destruction of the ischaemic retina causing release of growth factors, 
the release of growth-inhibiting factors from retinal cells associated with retinal 
damage, and increased oxygenisation directly from the choroid to the internal 
retinal layers due to the thinning of the retina after laser (5). The efficacy of laser 
photocoagulation treatment in DR independently of the mechanism has been 
proven in several randomised controlled studies.

In a study by the Diabetic Retinopathy Early Treatment (ETDRS) 
working group, laser photocoagulation was ranked as the leading treatment for 
proliferative DR (9). 

1. Laser Types

The effect of lasers is shown with the mechanism of thermal damage created 
due to absorption of the energy in the tissue pigments. The three main retina 
pigments are lutein, hemoglobin, and melanin. The main target is the retina 
pigment epithelial cell, which is where the most damage occurs (10).

1.1. Argon laser

This is the most frequently applied type of laser in DR. Two main energy peaks 
are produced at 488 nanometer (nm) and 514 nm. It is effective on RPE and 
hemoglobin (11). 

1.2. Crypton Laser

It produces two separate energy peaks at 647 nm and 586 nm. It produces energy 
in red and yellow wavelengths. The red wavelength is not used because of the 
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potential for scar formation in parafoveal lesions, but the yellow wavelength 
continues to be currently used (12). 

1.3. Dye Laser

Energy is produced at 570 nm and 630 nm wavelengths (yellow, red, green). 
Less energy is required than for Argon laser and it is preferred for patients with 
a low pain threshold or very thin retina (13). 

1.4. Diode Laser

It produces energy at 810 nm (infrared and invisible light spectrum) (14). 

1.5. Frequency-Doubled Yttrium Aluminium Garnet (YAG) Laser

This can be used in the treatment of diabetic macular oedema. The Pascal  
(PAttern SCAn Laser (PASCAL), which produces energy at 532 nm wavelength, 
is often used (15). 

2. Laser treatment in Diabetic Retinopathy

2.1. Laser Treatment in Diabetic Macular Oedema Treatment

The aim of laser treatment is to eliminate foci showing leakage in the macula 
and increase the endothial and retina pigment epithelial function. Macular laser 
treatment is applied as focal or grid laser depending on the type of oedema. 
Leakages associated with aneurysm are treated with focal laser, and leakages 
forming in the capillary bed with grid laser.

In focal treatment, lesions at a distance of 500-3000 microns from the 
macula should be treated with spot diameter not exceeding 50-100 microns and 
for a period of less than 0.1 second. The application should be made starting 
with 50mW power, which will form a mild whitening in the retina. Retinal 
oedema is expected to regress within 6-8 weeks and hard exudates within 3-6 
months. 

In grid laser treatment, lesions are treated which are at a distance of 500 
microns from the macula and temporal optic nerve. It should be applied as spot 
diameter 100-200 microns and <0.1 second application duration. It is started 
with 10mW power, which will form a grey-white lesion in the retina. The effect 
is seen after 8-12 weeks (10). 
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2.2. Laser Treatment in Preproliferative Diabetic Retinopathy

Determination of the grade in DR must be made with fluorescein angiography. 
Knowing the areas of ischaemia is extremely important in the management of the 
treatment, and the 4-2-1 rule must be applied when establishing the indications 
for laser treatment. According to this, intraretinal bleeding in 4 quadrants, venous 
anomalies in 2 quadrants and intraretinal microvascular anomalies in 1 quadrant 
are indications for laser treatment (5). In addition, type 2 diabetes elderly patients, 
those prior to cataract surgery, if the fellow eye has been lost to proliferative DR, 
and patients who may not regularly attend follow-up appointments, should be 
taken into consideration when deciding to start laser treatment (16). 

In the ETDRS study, it was shown that starting laser treatment at this 
stage prevented progression to the proliferative stage within 1 year at the rate 
of 48.5% (17). In preproliferative DR, the laser should be applied at 300-500 
microns dimension in the inferior, nasal, and superior quadrants, to make 800-
1200 shots leaving a gap of 0.5-1 laser spot, in a period of 100 msn. It should be 
applied at a severity to allow paleness in the retina to be observed and should be 
split into 3-4 sessions for the patient to be able to tolerate the treatment. 

2.3. Laser Treatment in Proliferative Diabetic Retinopathy

Neovascularisation seen in the optic disc head and the retina show proliferative 
DR and are an indication for laser treatment. Starting from the inferior quadrant 
and nasal, the whole retina should be lasered in a scatter pattern outside the 
macular vascular arcs. Direct application to neovascularization should be 
avoided. It should be delivered as 1200-2000 shots of spot diameter of 500 
microns in the periphery and 200-300 microns in areas close to the macula. 
Treatment can be planned to be completed in 3-4 sessions at 3-4-week intervals. 
Regression in 2-5 years after laser treatment has been determined in 50% of 
high-risk patients, and 70% of moderate-risk patients (18).

3. Side-effects of laser treatment 

3.1.Pain

Pain is the most frequently seen side-effect but the cause is unclear. It may be 
related to damage to the posterior ciliary nerve branches. Topical anaesthesia 
must be applied during the procedure. With evaluation of the condition of the 
patient, there may be a need for periocular or general anaesthesia.
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3.2. Vitreus Hemorrhage

Subhyaloid or bleeding within the vitreus may be seen as a result of direct 
application to neovascularisations.

3.3. Reduced vision

Visual field defects, reduced contrast sensitivity, and a decrease in 
electroretinography (ERG) may cause a decrease in visual acuity (direct macular 
damage, secondary neovascularisation), accommodation disorder, nyctalopia, 
loss of colour vision in the blue spectrum (associated with peripheral intense 
retinal laser), and photophobia. 

3.4. Macular edema

This may be seen as a result of intense peripheral laser application but generally 
recovers spontaneously. 

4. Innovations in Laser Treatments

To avoid the side-effects that may occur with currently available laser 
applications, new techniques and devices have been developed and trials are 
ongoing. 

4.1.Subthreshold Micropulse Laser

Due to the lower power of subthreshold laser, it is a technique that does not 
damage the retinal internal layers when only RPE is targetted. Micropulse allows 
the tissue to cool in the intervals between shots. As subthreshold laser shots 
do not form a lesion in the retina, they cannot be seen on fundus fluorescein 
angiography, fundus autofluorescence, and optic coherence tomography. The 
shots are applied consecutively as the retina is not affected and a greater retinal 
area can be treated (10). The major advantage of this technique is that it can be 
repeated at certain time intervals to the same area as the side-effect profile is 
low (19). 

4.2. Pattern Scanning Laser

This laser has 532nm wavelength and shots can be made of short duration, 
such as 10-30 msn, to 1-56 spots according to the predetermined pattern. The 
advantages of this are that there is less pain due to less thermal damage and 
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shorter treatment time, and less potential expansion of laser burn. The laser 
effect can be determined on imaging methods (20). 

4.3. Focal Navigation Laser

With a retinal eye tracking system, full shots can be made to the desired lesions 
defined on retinal images. The procedure is extremely successful due to the 
60-110 micron sensitivity, especially in patients with low vision and fixation
problems. Lesions in eyes with diabetic macular oedema can be treated with this
system at the rate of 92%, and with conventional laser at 72%.

References

1. Yau JW, Rogers SL, Kawasaki R, et al. Diabetes Care. 2012 Mar;35(3):556-
64. doi: 10.2337/dc11-1909.

2. Holman RR, Paul SK, Bethel MA, Matthews DR, Neil HA. 10-year 
follow-up of intensive glucose control in type 2 diabetes. N Engl J Med. 
2008 Oct 9;359(15):1577-89. doi: 10.1056/NEJMoa0806470.

3. Manley SE, Cull CA, Hadden D, Turner RC, Holman RR. Association of 
glycaemia with macrovascular and microvascular complications of type 2 
diabetes (UKPDS 35): prospective observational study. BMJ. 2000 Aug 
12;321(7258):405-12. doi: 10.1136/bmj.321.7258.405.

4. Klein R, Klein BE, Moss SE, Davis MD, DeMets DL. The Wisconsin 
epidemiologic study of diabetic retinopathy. II. Prevalence and risk of diabetic 
retinopathy when age at diagnosis is less than 30 years. Arch Ophthalmol. 
1984 Apr;102(4):520-6. doi: 10.1001/archopht.1984.01040030398010.

5. Gelişken Ö. Akova Budak B. Laser Photocoagulation in Diabetic 
Retinopathy Journal of Retina and Vitreous. 2012;20:50-5.

6. Kerimoğlu H. Management of Diabetic Retinopaty; Lazer Treatment. 
Journal of Retina and Vitreous. 2014; 22:69-73.

7. Meyer-Schwickerath G. Light coagulation; a method for treatment and 
prevention of the retinal detachment. Albrecht Von Graefes Arch 
Ophthalmol 1954;156(1):2-34.

8. Beetham WP, Aiello LM, Balodimos MC, et al. Ruby lazer 
photocoagulation of early diabetic neovascular retinopathy. Preliminary 
report of a long-term controlled study. Arch Ophthalmol 
1970;83(3):261-72. doi: 10.1001/archopht.1970.00990030263001.

9. Early treatment Diabetic retinopathy Study research Group: early 
photocoagulation for diabetic retinopathy. etDrS report number 9. 
Ophthalmology. 1991;98(5 Suppl):766-85.



LASER TREATMENT IN DIABEIC RETINOPATHY      103

10. Durukan AH, Yetiştaş S, Küçükevcilioğlu M. Treatment Options: Laser
Therapy. Yazar Z. ed. Diyabetik Retinopathy and Maculopathy. 1. ed.
Ankara: Türkiye Klinikleri; 2021:83-90.

11. Smiddy We, Fine SL, Green Wr, Glaser BM. Clinicopathologic correlation
of krypton red, argon blue-green, and argon green laser photocoagulation
in the human fundus. retina. 1984;4(1):15-21. doi: 10.1097/00006982-
198400410-00004

12. Coscas G, Soubrane G. the effects of red krypton and green argon laser
on the foveal region. a clinical and experimental study. Ophthalmology.
1983;90(8):1013-22. doi: 10.1016/s0161-6420(83)80029-3

13. Atmaca LS, Idil A, Gunduz K. Dye laser treatment in proliferative diabetic
retinopathy and maculopathy. Acta Ophthalmol Scand. 1995;73(4):303-7.
doi: 10.1111/j.1600-0420.1995.tb00031.x.

14. Pollack J S, Kim Je, Pulido JS, Burke JM. Tissue effects of subclinical
diode laser treatment of the retina. arch Ophthalmol. 1998;116(12):1633-
9. doi: 10.1001/archopht.116.12.1633.

15. Saeed M, Parmar D, McHugh D. Frequency-doubled Nd:YAG laser for
the treatment of exudative diabetic maculopathy. Eye (Lond). 200;15(Pt
6):712-8. doi: 10.1038/eye.2001.235.

16. Royal College of Ophthalmologists. Guidelines for Diabetic retinopathy.
rCOphth: London; 2005: 72–82.

17. Davis MD, Fisher Mr, Gangnon re, Barton F, aiello LM, CheweY, et al.
risk factors for high-risk proliferative diabetic retinopathy and severe
visual loss: early treatment Diabetic retinopathy Study report Number 18.
Invest Ophthalmol Vis Sci 1998;39(2):233-252.

18. The Diabetic retinopathy Study research Group: Design, methods and
baseline results. report No. 6 ınvest Ophthalmol Vis Sci 1981;21(1 pt 2):1-
209.

19. Sivaprasad S, elagouz M, McHugh D, Shona O, Dorin G. Micropulsed
diode laser therapy: evolution and clinical applications. Surv Ophthalmol.
2010;55(6):516-30. doi: 10.1016/j.survophthal.2010.02.005.

20. Kozak I, Oster SF, Cortes MA, Dowell D, Hartmann K, Kim JS, et al:
Clinical evaluation and treatment accuracy in diabetic macular edema
using navigated laser photocoagulator NAVILAS. Ophthalmology.
2011;118(6):1119-24. doi: 10.1016/j.ophtha.2010.10.007.





105

C H A P T E R  I X

NEW DRUG STUDIES AND 
TREATMENT METHODS IN 
DIABETIC RETINOPATHY 

Sedat Özmen
(Ophtalmologist) TC Sakarya University Medical Faculty Education and 

Researh Hospital. drsozmen@gmail.com
Orcid:0000-0002-6675-7132

Introduction

Diabetes is a common disease with increasing prevalence in the world 
and causing serious morbidity and mortality. According to the data 
of the World Health Organization (WHO), it is estimated that the 

number of diabetic patients, which was 171 million in 2010, will increase to 
642 million in 2040 (1). Diabetic retinopathy is one of the most important 
causes of blindness in the working age group.(2) According to the Wisconsin 
Epidemiological Diabetic Retinopathy Working Group (WESDR), the risk of 
diabetic retinopathy increases as the duration of diabetes increases, and it has 
been determined that diabetic retinopathy develops in approximately 99% of type 
1 diabetes and 60% of type 2 diabetes 20 years after the diagnosis of diabetes.(1) 
Diabetic retinopathy is a microvascular complication of diabetes and is one of 
the most important causes of blindness in the young age group. Macular edema 
is the most important cause of vision loss due to diabetic retinopathy. Macular 
edema occurs due to leakage from the vessels as a result of the deterioration of 
the blood-retina barrier after microvascular changes due to diabetes. (2-3) High 
blood glucose level causes an increase in free oxygen radicals, deterioration 
of retinal nutrition as a result of microvascular damage, and an increase in 
vascular endothelial growth factor (VEGF-A) level. Increased VEGF leads 
to the formation of new vessels, disruption of the blood-retina barrier, and 
macular edema and neovascularization.(4,5,6,7) In addition, leukotaxis, and 
inflammatory cytokines such as ICAM-1, IL-6, IL-8 have an effect on the 
etiopathogenesis of diabetic retinopathy. (8-9) Drugs and laser treatments 
used for the treatment of diabetic retinopathy are the treatment methods 
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created for these mechanisms. Various treatment regimens have been used in 
the treatment of macular edema. Focal laser, grid laser treatments, intravitreal 
and posterior subtenon triamcinolone acetate, intravitreal steroid injections 
such as dexamethasone implant, intravitreal anti vascular endothelial growth 
factor (Anti VEGF) such as bevacizumab, ranibizumab, pegaptanip sodium, 
and aflibercept are used in the treatment.Among these treatments, pegaptanib 
sodium, ranibizumab, aflibercept and dexamethasone implant treatments are 
drugs approved by the American Food and Drug Administration (FDA) and 
administered as an intravitreal injection.(10) Since diabetic retinopathy and 
diabetic macular edema cause serious morbidity and loss of workforce, the 
frequency of intraocular injections and non-compliance with treatment, new 
treatment modalities and new drug studies are being conducted in addition to 
existing treatments. These treatments are grouped under various headings.(2)

1. Intravitreal Anti-Inflammatory Therapy

1.a. Intravitreal steroid injections

Corticosteroids have been used for many years in the treatment of diabetic 
macular edema due to their effects such as stabilization of the blood-retina barrier, 
reduction of proinflammatory stockin level, reduction of vascular endothelial 
growth factor level, prevention of serum leakage and reduction of matrix 
mettalloproteinase level.(11) Intravitreal and posterior subtenon triamcinolone 
acetate injection is a drug that has been used off-label for many years.(2) 
Intravitreal dexamethasone implant (Ozurdex dexamethasone intravitreal 
implant; Allergan, Inc, Irvine, CA) was approved by the FDA in 2014.. There are 
new emerging anti-inflammatory drugs in addition to corticosteroids approved 
by the FDA.

1.a.1. Illuvien implant

Illuvien is a new insoluble 3.5 mm long, 0.37 mm diameter tube-like intraocular 
implant. This implant containing flucinolone acetonide is given into the vitreous 
and is produced as a slow release to release 0.2 micrograms per day. (12) 
Flucinolone acetate, which is a glucocorticoid, has an anti-inflammatory effect 
by decreasing VEGF-A level and inflammatory cytokine level. Because of these 
effects, it is used in the treatment of diabetic macular edema. The effect of illuvie 
can last up to 36 months. This long duration of action eliminates the need for 
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an average of 14 doses of intraocular anti VEGF injections in the treatment of 
diabetic macular edema in the same period of a single illuvien injection.(13) 
This result is very important in terms of both cost and patient compliance. The 
most common complication associated with illuvien is that it accelerates the 
development of cataracts and may increase intraocular pressure.(14)

 1.a.2. Retisert implant

Like Illuvien, it is a nonbiodegrable implant that contains flucinolone acetonide 
and is surgically placed into the eye through the pars plana. It is indicated for 
the treatment of posterior uveitis. It is also used in the treatment of diabetic 
macular edema, but its use is viewed with concern because it causes high levels 
of cataracts and can cause serious increases in intraocular pressure.(15)

1.a.3. IL 6 reseptör inhibitor: Tocilizumab 

Tocilizumab is an interleukin 6 receptor inhibitor. Interleukin 6 receptor 
inhibitors are used in the treatment of macular edema associated with uveitis. 
Studies have shown that there is an increase in IL 6 level in diabetic macular 
edema. (16-18) It has also recently been used in the treatment of COVID 19. 
(19) The results of the study called READ 4, which was started in 2017, in 
which the effects of tocilizumab and ranibizumab in the treatment of diabetic 
macular edema were compared, have not been published yet. (20)

1.a.4. Integrin inhibitor: Risuteganib

Risuteganib is a new generation anti-integrin oligopeptide. There are studies 
in the treatment of age-related macular degeneration and diabetic macular 
edema. In in vivo studies, it was thought that inhibition of integrin receptors 
inhibits abnormal vascular development and may reduce the development of 
proliferative diabetic retinopathy.(21)

1.b. Nonsteroidal Anti-Inflammatory Drug (NSAID) treatment

Non-steroidal anti-inflammatory drugs are analgesic, anti-inflammatory and 
antipyretic drugs that inhibit the cyclooxygenase (COX) enzyme. It has been 
determined that COX expression is increased in inflammatory events. (22) An 
increase in COX activity and prostaglandin levels, which are its products, were 
detected in diabetic animal experiments. (23.24)
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COX inhibition and the associated decrease in prostaglandin level 
reduce diabetes-induced intracellular adhesion molecule (ICAM-1) 
expression and leukotaxis. (25) Because of these effects, NSAID treatments 
have come to the fore in diabetic retinopathy and diabetic macular edema. 
There are studies showing that central macular thickness decreases in 
diabetic macular edema with topical ketorolac, bromfenac, diclofenac, 
nepefenac treatments. (26-29)

2.  Novel vascular endothelial growth factor inhibitors

Vascular endothelial growth factor inhibitors (Anti VEGF) are among the most 
widely used drugs in the treatment of diabetic macular edema. Ranibizumab, 
pegaptanip sodium, and aflibercept are FDA-approved Anti VEGF drugs. The 
most commonly used drugs, especially in the treatment of diabetic macular 
edema and proliferative diabetic retinopathy, are anti-VEGF drugs. Due to their 
short half-lives and frequent injections, they can cause patient non-compliance, 
new anti-VEGF drug studies that provide longer-acting and less injection need 
have gained momentum.

2.a Brolucizumab

This new drug, which acts by suppressing VEGF-A, was approved by the FDA 
for the treatment of age-related macular degeneration in 2019, but it has not 
yet been approved for the treatment of diabetic macular edema. The KITE and 
KESTREL study on Brolucizumab is still ongoing. In the study, 6 mg/0.05 ml 
Brolucizumab was compared with aflibercept, and the final results of which 
were published that the effect level was not lower than aflibercept is planned to 
be published in October 2021.(30)

2.b Abicipar-Pegol

It acts on VEGF-A and platelet-derived growth factor (PDGF) produced by 
genetic engineering technology. Similar to Abicipar-pegol Brolucizumab, 
studies are being conducted in the treatment of age-related macular degeneration 
and diabetic macular edema. (33) The FDA did not approve the use of the drug 
in age-related macular degeneration in 2020 on the grounds that it increases 
ocular inflammation.(34)
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2.c. Conbercept

This drug, which acts on VEGF A, B , C and Placental insulin growth factor 
(PIGF), is used in the treatment of age-related macular degeneration and diabetic 
macular edema in China. In a study compared with triamcinolone acetate, 
conbercept was shown to be superior in the treatment of diabetic macular edema.
(35-37) However, it was not approved by the FDA.

2.d. Faricimab

It is a VEGF inhibitor monoclonal antibody that acts by inhibiting VEGF-A and 
angiopoietin 2.(38) Angiopoetin 2 is an effective mediator in the disruption of the 
blood-retina barrier and new vessel formation. Faricimab inhibits this mediator 
and is used in the treatment of diabetic macular edema and age-related macular 
degeneration. (39,40) In comparison with ranibizumab, it was determined that 
it reduced central macular thickness more than ranibizumab. The drug has 
received FDA approval for the treatment of age-related macular degeneration, 
but not for the treatment of diabetic macular edema. The YOSEMITE study 
comparing faricimab with aflibercept in the treatment of diabetic macular edema 
is expected to be completed in 2021 and the RHINE study in 2023.

3.  Other therapeutic agents

3.a. Darapladib

It is a selective inhibitor of lipoprotein-associated phospholipase A 2 (LAP 
A2). (41.42) LAP A2 plays a key role in atherosclerosis and plaque formation 
in the vessels. Darapladip inhibits LAP A2 and has a preventive effect on 
atherosclerosis. (42) LAP A2 has been shown to have a disrupting effect on 
the blood retinal barrier (BRB) in studies conducted in diabetic rats. (43,44) 
Darapladip eliminates this effect of LAP A 2, provides stabilization of BRB and 
In studies conducted in diabetic retinopathy, it has been found that it provides an 
increase in the best visual level and a decrease in macular edema.(45)

3.b. Cardiolipin-related Peptide (MTP131)

Studies have shown that mitochondrial functions are impaired in diabetic 
retinopathy. These results led to the orientation towards mitochondrial treatment 
methods. Cardiolipin is a phospholipid found in the inner mitochondrial 
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membrane and is associated with cell apoptosis. It has been shown that 
cardiolipin-related peptide acts by reducing mitochondrial oxidative stress and 
is effective in apoptosis of retinal neurons.(48)

3.c. Alpha lipoic acid

Alpha lipoic acid is a thiol antioxidant and an agent that benefits from oxidative 
stress-related polyneuropathy and its antioxidant effect in tissues such as kidney, 
nerve cells and brain. It is used in the treatment of Alzheimer’s disease due to its 
neuroprotective effect.(47) It has been determined that oxidative stress occurs 
due to mitochondrial dysfunction of retinal cells in the pathogenesis of diabetic 
retinopathy, resulting in retinal damage. With its antioxidant effect, alpha lipoic 
acid acts by reducing oxidative stress in retinal cells and slowing cell death. In 
their studies, it was shown that alpha lipoic acid systemically added to the diet 
in experimentally induced rats with diabetes decreased apoptosis in retinal cells.
(48)

3.d. Lutein

Lutein is a potent antioxidant, anti-inflammatory, neuroprotective carotinoid 
from the keratinoid family and is present in the retina. (49)Lutein and zeoxanthin 
are used in the treatment of dry type age-related macular degeneration. Lutein 
supplementation was found to be associated with an increase in visual functions 
in diabetic rat studies.(51)

4.  New laser treatments

Laser photocoagulation has been used for many years in the treatment of diabetic 
macular edema and proliferative diabetic retinopathy. New laser treatments 
have come to the fore as an alternative to conventional laser treatment due to 
enlargement of the scar tissue after laser photocoagulation in the fovea region, 
narrowing of the visual field after peripheral laser photocoagulation, and 
deterioration of retinal nutrition due to damage to the collateral areas.

4.a. PASCAL (Pattern Scanning Laser)

PASCAL, a new laser treatment method, is 532 nm frequency-doubled 
neodymium-dopedytrium aluminum garnet (Nd:YAG). It was approved by 
the FDA in 2005. This laser, which has more predictable results compared to 
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conventional laser treatment, is a system that can produce multiple shots at the 
same time and can create various patterns in a single shot. It reduces visual field 
loss by minimizing laser-induced retinal damage.(52)

4.b. Subtreshold Micropulse Diode Laser

This laser method, also called subtreshold or tissue-sparing laser, has started to 
be preferred because of its superiority over conventional laser. 810 nm or 577 
nm laser is used. It is used in diabetic macular edema, proliferative diabetic 
retinopathy, central serous chorioretinopathy, macular edema due to retinal 
vascular occlusion and glaucoma. The thermal damage that occurs in the retina 
and choroid tissues with conventional laser does not occur in subtreshold laser 
treatment. Thermal damage, decrease in vision, color vision and night vision, 
and visual field loss that may occur after conventional laser treatment are not 
covered in this treatment. While collaterals that contribute to retinal nutrition 
secondary to retinal ischemia are damaged in conventional laser treatment, this 
damage does not occur in subtreshold laser.(53)

4.c. Navigated laser

NAVILAS is a new laser photocoagulation method. Optical coherence 
tomography (OCT), fundus flourescein angiography (FFA) and indocyanine 
green angiography (ICGA) images are matched with computer systems and 
offer the opportunity to perform laser photocoagulation to much more specific 
areas than conventional laser. Laser photocoagulation can be performed by 
taking OCT, FFA and ICGA images and marking the aneurysm areas with the 
help of a computer.(54) This system has been used in refractive surgery for a 
long time, but its use in retinal treatment is new. It is used as a new method in 
the treatment of diabetic macular edema.

Conclusion

Diabetic retinopathy is one of the most important causes of blindness in the 
working age group. Along with the frequency of diabetes, the frequency of 
diabetic retinopathy has been increasing over the years. In the treatment of 
diabetic retinopathy, there are laser photocoagulation, intravitreal anti-VEGF, 
intravitreal steroid injection and vitroretinal surgery treatment options. Due to 
the short duration of action of intravitreal anti-VEGF drugs, the need for frequent 
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repetitive injections, and high costs, there is a need to find longer-acting and less 
costly drugs in the treatment of diabetic macular edema. Negative results such 
as retinal burn and visual field loss in conventional photocoagulation treatment 
have brought alternative laser treatments to the agenda. Side effects such as 
cataract and glaucoma caused by intraocular steroids have led to the need for 
new types of long-acting steroid treatments with less adverse effects. Despite all 
these developments, the most effective method in terms of diabetic retinopathy 
is to prevent the development of retinopathy and to eliminate risk factors such 
as high blood sugar, high hemoglobin A1 c, hypercholesterolemia, and high 
systemic blood pressure. Despite all this, there is a need for new treatment 
methods that are more cost-effective, have better patient compliance, have a 
lower side-effect profile, and have fewer hospital admissions in patients with 
diabetic retinopathy.
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1. İntroduction

Diabetic retinopathy is the most important preventable and/or treatable 
blindness in the age group of 20-65 years worldwide. Diabetic 
retinopathy (DR) is one of the most important complications of 

diabetes mellitus. The overall risk of blindness is 25 times higher than the 
population. Diabetes officially affects 1.5-2% of the global population. The 
estimated figure in Turkey is 2 million people. Studies have shown that the 
length of diabetes is the most critical risk factor for the development of all 
diabetic complications. Diabetic retinopathy is uncommon in people with type 
2 diabetes who have had the disease for less than 5 years. Diabetic retinopathy 
is seen in 27% of those whose disease has been ongoing for 5-10 years and in 
71-90% of diabetics for more than 10 years. The incidence increases to 95%
between 20-30 years, and 30-50% of these incidences are proliferative diabetic
retinopathy (1,2). One of the most critical variables in the development and
progression of diabetic retinopathy is chronic hyperglycemia. The results of the
Diabetes Control and Complications Working Group and experimental studies
have shown that good glucose control has a reducing effect on the complications
of diabetes. It has been reported that retinopathy is 2.5 times higher in patients
with glycated hemoglobin (HbA1c) values above normal compared to patients
with normal values (3). Aside from medical treatment, surgical treatment for
diabetic retinopathy is also significant.

 In addition to untreated cases, diabetic retinopathy may progress even in 
cases where standard treatment conditions are met, and complications that need 
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to be treated surgically may also be observed (vitreous hemorrhage, macular 
interface defects, intense vitreous opacities, tractional retinal detachments 
threatening the fovea, etc.). Recent advances in surgical instruments and 
techniques have increased the success of vitrectomy in more complicated cases. 
Depending on the developments in technology, the indications and timing of 
surgery have changed significantly.  The visual prognosis following vitrectomy, 
on the other hand, may not always be as satisfactory as the anatomical outcomes. 

2. Surgical treatment in diabetic macular edema 

Although options such as focal-grid laser, anti-VEGF agents and steroid 
injections are used in the treatment of diabetic macular edema (DME), there are 
still resistant cases. Pars plana vitrectomy (PPV) is beneficial in some of these 
cases. Studies have shown that the frequency of diabetic macular edema is 2.7 
times lower in patients with AVD than in patients without AVD(4). 

 PPV in diabetic macular edema was first suggested by Lewis in 1992 (5). 
PPV has curative mechanisms over DME. These mechanisms are;

1) Elimination of growth factors in the vitreous,
2) Decreased free and bound VEGF load,
3) Increased oxygen diffusion into the retina,
4) Release of vitreomacular adhesions and reduction in tangential and 

anterior-posterior traction on the macula (6).

While evaluating the patient with DME surgically, the condition of the vitreous 
and vitreoretinal interface should be revealed, which is very important for 
surgery. Patel classified the indications for surgical treatment in DME in 2013:

2.1.  DME with abnormal vitreomacular adhesion

2.1.1. Taut hyaloid

There is thickened and taut macular posterior hyaloid. Because the striations 
on the posterior surface do not affect the retinal surface and retinal vessels, this 
image makes it easy to distinguish from the ERM.

2.1.2.  Vitreomacular traction (VMT)

Used for cases where the posterior hyaloid remains focally attached to the 
macula or fovea (Figure 1). Vitreomacular traction causes significant distortion 
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of the retinal surface. The retina rises significantly towards the posterior hyaloid. 
This can be clearly seen with OCT scans.

Figure 1: Diabetic vitreomacular traction

2.1.3. Epiretinal membrane

Diabetes is one of the risk factors for the development of ERM. It causes macular 
edema and vision loss in diabetes (Figure 2).

Figure 2: Diabetic epiretinal membrane
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2.2. Postvitrectomy taut ILM

It is one of the uncommon causes of DME (7). It develops 6 weeks longer after 
vitrectomy. It is resistant to medical drugs and laser therapy. Tangential traction 
seems to be responsible in this case. As a treatment, exfoliation of the ILM with 
PPV is required.

2.3. Resistive DME without abnormal VMT

 A normal interface is available in most of these cases. The surgical treatment 
of DME is mainly aimed at eliminating the mechanical causes that cause edema 
(VMT, ERM, taut posterior hyaloid, etc.).

3. Surgical Treatment of Diabetic Vitreous Hemorrhage

Vitreous hemorrhage is one of the most severe complications of proliferative 
diabetic retinopathy. Vitreous hemorrhage develops due to hemorrhage of 
neovascularizations in the retina due to ischemia in diabetes (Figure 3). PPV 
was first applied to diabetic vitreous hemorrhage by Machemer in 1970. Better 
results were attained in subsequent times as a result of the discovery of the 
endolaser and instrument innovations (8). Surgical timing is crucial in vitreous 
hemorrhage.

Figure 3: Vitreous haemorrhage secondary to proliferative diabetic retinopathy
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The Diabetic Retinopathy Vitrectomy Study (DRVS) provides guidance on 
surgical timing. The DRVS study included 616 eyes with a visual acuity of 5/200 
or less, with VH for at least one month. It randomized those who underwent 
surgery within 6 months into the early surgery group and the group in which 
surgery was delayed for one year into the late surgery group. As a result of the 
2-year follow-up, the frequency of patients with a visual acuity of 0.5 and above 
was 25% in the early surgery group, while this rate was 15% in the late surgery 
group. While early surgery was found to be significant in type 1, no significant 
difference was found in type 2 diabetes (9). With subsequent studies, early 
application of vitrectomy was recommended in diabetic vitreous hemorrhages 
due to good visual results and low complication rate (<3 months). 

 Anti-VEGF agents can be given a few days prior to surgery to minimize 
preoperative vascular proliferation and neovascular tissue vascularity in 
vitreous hemorrhages. B-USG is very important in patients where the fundus 
is not prominent. It gives us valuable information about vitreous detachment 
and tractional retinal detachment. If the fibrous component of USG is high, 
anti-VEGF may trigger tractional detachment (10). Of the micro-incisional 
vitrectomy systems, 23, 25, and 27 G can be used in surgery.

 The surgical procedure is started by cleaning the vitreous and hemorrhage 
behind the lens. Then, a core vitrectomy is performed to clear the vitreous 
opacities. After the peripheral connections are cut, the posterior hyaloid is 
lifted forward and cleaned. After cleaning the vitreous base and controlling the 
hemorrhage, PRPC (pan-retinal photocoagulation) is performed from the main 
vessels to the ora serrate. There is no need to supply buffer material once decent 
hemorrhage control has been achieved. However, if there is a risk of bleeding, 
gas and silicone can be given as a buffer. 

4. Surgical Treatment of Tractional Retinal Detachment Due to 
Diabetes

Tractional retinal detachment (TRD) results from the separation of the 
neurosensory retina from the retinal pigment epithelium due to contraction of 
the progressive fibrovascular proliferation on the posterior hyaloid (Figure 4). If 
the macula is involved, it can cause severe vision loss. Progressive fibrovascular 
contraction may lead to retinal tears, which may cause the teary detachment to 
accompany the plate. Picture 4 OCT gives us valuable information about the 
presence of foveal involvement and the degree of involvement (7).
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Figure 4: Tractional retinal detachment secondary to proliferative diabetic retinopathy
 

We often encounter TRD during the surgery of VH patients. It is possible to 
have very complex cases that appear to be simple. As a result, assessing PDR 
with B mode USG in cases where the fundus is not illuminated provides critical 
information concerning the timing of surgery and the disease’s prognosis. 
The aim of surgery in TRD is to remove tractions, remove and clean posterior 
hyaloid, remove fibrovascular tissues, and treat ischemic retinal areas with laser 
PK. Preoperative administration of anti-VEGF reduces the risk of intraoperative 
hemorrhage and facilitates surgery (11). Vitrectomy should be performed 
within ten days after anti-VEGF administration. There are studies reporting 
that tractional detachment progresses more, and ruptured retinal detachment 
develops if delayed. 

 Hemorrhage control is critical during the surgical procedure. Anticoagulant 
use and the presence of systemic hypertension should be questioned before 
surgery. It is essential to monitor patients during surgery. The development of 
vitrectomy instruments and techniques has created significant innovations in 
tractional detachment surgery. The development of delamination (separation of 
the membranes in front of the retina with horizontal scissors) and segmentation 
(separation of regions that cannot be delaminated from each other with the help 
of vertical scissors) techniques increased the success of the surgery (12). It may 
be necessary to use vertical and horizontal micro scissors and micro forceps to 
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remove very tight and wide retinal adhesions. It is important to have instruments 
such as endodiathermy and chandelier lighting with us in case we may encounter 
all kinds of surgical complications. The main objective in surgery is to penetrate 
the posterior hyaloid in a region where it is separate from the retina and to 
separate and clean the posterior hyaloid from the areas where it is attached to the 
retina without damaging the retina. 

 The 25 and 27 G vitrectomy probes are very useful as they allow 
manipulations that are not possible with micro forceps and micro scissors (13). 
Owing to these new probe designs, the mouth opening brought closer to the 
probe’s tip allows the probe to be used as a vertical scissor, and segmentation 
and complete excision of the membrane. All fibrovascular tissues formed in 
the posterior pole can be removed in this way. It may not always be necessary 
to remove tractions that do not threaten the posterior pole. Since the retina is 
ischemic and fragile, it is susceptible to tearing. It is essential for the surgeon 
to be very patient and meticulous during the operation. This is because if an 
iatrogenic tear develops, in such cases, the area of the iatrogenic tear is marked 
with endo cautery after the retina is released. Subretinal fluid is drained by fluid 
air exchange. After the laser is applied around the tear, a buffer is given to the 
eye. 

 Removal of posterior hyaloid and application of laser to ischemic retinal 
areas are of vital importance in surgery. If the posterior hyaloid is not cleaned 
well, anterior hyaloidal proliferation with bleeding, hypotonia and phthisis may 
occur due to re-proliferation in the postoperative period. If decent homeostasis 
is provided in diabetic retinal surgeries (without complications), there is no need 
to give buffer material. 

 Depending on the surgeon’s preference, silicone oils, perfluorocarbon 
gases, and SF6 can be used as intraocular buffering agents after surgery. If 
silicone is placed, it should be taken back after 3-6 months.

5. Complications After Diabetic Vitrectomy

5.1.  Recurrent Vitreous Hemorrhages

They may occur within a few days following the surgical procedure or may 
occur months or years later. In early hemorrhages, the source of bleeding may be 
from residual peripheral vitreous, fibrovascular tissue debris, sclerotomy sites, 
and tractions with retinal extension. Spontaneous recovery can be seen in at least 
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half of the cases. If the retina is attached, there is no rubeosis, and the intraocular 
pressure is normal or under control with medical treatment, it is recommended to 
wait about three months before surgery. Prevention of postoperative hypotonia 
reduces the risk of bleeding. As a result of PRP applications and anti-VEGF 
treatments applied at the end of the surgical procedure, postoperative VHs have 
decreased compared to previous years. 

5.2.  Iatrogenic Retinal Tear

It has been reported in approximately 30% of cases. Posterior tears associated 
with the fibrovascular membrane have a worse prognosis than peripheral tears. 

5.3.  Increased Intraocular Pressure

Increased intraocular pressure secondary to inflammation may be observed. 
Furthermore, an increase in intraocular pressure may be observed due to the 
buffering agents placed intraocularly. Close follow-up is required to avoid optic 
nerve loss.

5.4.  Cataract

It can develop in approximately 20-35% of cases after surgery. It may develop 
due to mechanical trauma, metabolic deterioration in the lens, and internal 
tamponade. Even if there is no contact during the surgical procedure, the effect 
of vitrectomy on cataracts is well known (14).

5.5.  Anterior Hyaloidal Proliferation

It is a severe complication that develops after PPV and is mainly seen in young 
patients with poor sugar control. It results in fibrovascular proliferation starting 
from the anterior retina, extending behind the lens along the anterior hyaloid and 
causing ciliary body and retinal detachment due to its contraction and in phthisis 
bulbi (15). 
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Introduction

Diabetic retinopathy (DR) is the most frequently seen microvascular 
complication of diabetes mellitus (DM). Diabetic macular edema 
(DME) is one of the most significant causes of sight loss in adults 

associated with diabetes. The type of DM, disease duration, patient age, disease 
regulation status, and treatments applied, play an important role in the prevalence 
of DME (1-3). Focal/grid laser photocoagulation became the classic treatment 
for DM with the Early Treatment Diabetic Retinopathy Study (ETDRS). 
However, in addition to reducing the risk of sight loss, laser photocoagulation 
may have side effects such as a narrowing of the field of vision, reducing contrast 
sensitivity at the vision level, thermal damage in the anterior segment and retina, 
and choroid detachment (4-6). 

Hyperglycemia causes damage in the retinal small capillaries. In the early 
stage, damage occurs in pericytes, which play a role in capillary perfusion, 
resulting in the formation of microaneurysms and impaired retinal blood 
flow regulation. The blood-retina barrier is breached as a result of endothelial 
damage and extra-cellular fluid starts to accumulate in the macula. Long-term 
hyperglycemia causes impairment in capillary perfusion, microvascular damage, 
ischemia, and the expression of several angiogenic agents, primarily VEGF, and 
the associated occurrence of damage with pathological neovascularization (7,8). 
VEGF also plays an important role in increasing permeability in pathological 
vascularity (9). Therefore, because of these pathological reasons, there has been 
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much focus recently on anti-VEGF treatments. The first anti-VEGF agent used 
in ophthalmology was pegaptanib. Subsequently, bevacizumab and ranibizumab 
were used, and aflibercept is the most recent anti-VEGF agent to be approved by 
the FDA (2014) for use in DME (10, 11). 

1. Anti-VEGF Agents

Several studies have shown the advantages of anti-VEGF agents compared to 
classic laser photocoagulation (12-14). VEGF is expressed from retinal cells 
exposed to ischemia. VEGF binds to VEGF receptors, which are the tyrosine 
kinase receptors on retinal vascular endothelial cells. The most important and 
widespread VEGF receptor is VEGFR-2 (15). Anti-VEGF agents came into use 
in treatments after it had been shown in studies that the findings that emerged 
because of DR regressed through inhibition of this pathway (16,17). 

Aflibercept is a recombinant fusion protein. It shows a higher affinity 
to VEGF-A and VEGF-B and has an effect by binding to all VEGF isoforms 
(VEGF-B and VEGF-C, placental growth factor) (18). Ranibizumab works to 
form an effect by binding to the part that binds to the receptor on VEGF-A, 
thereby preventing VEGF molecules binding to receptors (19). Bevacizumab 
prevents binding to recceptors by inhibiting all VEGF-A isoforms. As there are 
no bevacizumab ophthalmological preparates, it is used off-label (20). 

There are some studies in literature related to which anti-VEGF to use in 
which situation. In a randomized, controlled study of 60 eyes, which compared 
ranibizumab and bevacizumab in DME treatment, there was reported to be an 
increase of mean 13 letters at the end of 48 weeks and a total of mean 7.67 
ranibizumab injections, and an increase of 11 letters after mean 9.84 bevacizumab 
injections. The rates of cases with gains of 10 and 15 letters were similar in both 
groups (21). 

The Protocol T study by DRCR-net, which compared intravitreal 
aflibercept, bevacizumab, and ranibizumab treatments for DME, included 660 
cases. Aflibercept at a dose of 2 mg, bevacizumab at 1.25 mg, and ranibizumab 
at 0.3 mg was used once every 4 weeks in the first year and every 4-6 weeks in 
the second year. According to the study protocol, focal or grid laser treatment 
could be added after 6 months. At the end of 2 years, all three agents were 
seen to have provided a significant increase in vision with a similar number of 
injections. At the end of the first year, the mean increase in visual acuity was 
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13.3 letters with aflibercept, 11.2 letters with ranibizumab, and 9.7 letters with 
bevacizumab. After two years, the increase was 12.8 letters with aflibercept, 
12.3 letters with ranibizumab, and 10 letters with bevacizumab. In the first 
year, especially in cases with visual acuity of 20/50 and worse, a significant 
increase was obtained in vision with aflibercept compared to the other agents 
(aflibercept:18.9 letters, ranibizumab: 14.2 letters, bevacizumab: 11.8 letters), 
but at the end of the second year, there was no significant difference between 
aflibercept and ranibizumab (aflibercept:18.1 letters, ranibizumab: 16.1 letters, 
bevacizumab: 13.1 letters). At the end of the first year, the central foveal thickness 
was significantly decreased with aflibercept compared to the other agents, and 
at the end of the second year, the superiority of bevacizumab continued, but no 
significant difference remained with ranibizumab. There was seen to be a lower 
need for laser in the aflibercept group (22, 23). 

2. Non-Response To Treatment For DME and Drug Changes

Despite treatment with anti-VEGF, some cases may be encountered which are 
defined as persistent or refractory DME. Although there is no full definition, 
persistent DME can be defined as a reduction in visual acuity and central retinal 
thickness (CRT) of ≥250 microns on OCT despite intravitreal anti-VEGF 
treatment applied for 6 months. As there are molecular differences between 
anti-VEGF agents, continuation with a different agent can be considered in 
unresponsive or resistant cases.

In the REEF study, it was reported that patients with CRT >300 microns 
and mean 4.7 injections of intravitreal 1.25mg bevacizumab applied at least 
twice were then applied with 0.5mg ranibizumab throughout 3 months. At the 
end of 3 months, there was reported to be a gain of 6.4 letters and a reduction of 
113 microns in CRT, and at the end of 6 months, there was a gain of 8.8 letters 
and a reduction of 165 microns in CRT (24). 

In a previous study by Gungor Kobat et al, a significant increase was 
determined in CRT after 3 doses of ranibizumab in patients with refractory DME 
who had previously received steroid or laser treatment (25). In another study by 
Lim et al of patients unresponsive to bevacizumab or ranibizumab treatment, a 
significant decrease in CRT and an increase in visual acuity were determined 
after 3 doses of aflibercept injection (26). 



132      Diabetic Retinopathy and Diabetic Macular Edema

3. Corticosteroid Agents in DME

Although VEGF has an important place in the etiology of DME, several 
inflammatory cytokines and prostaglandins also play an important role. 
As corticosteroids stabilize the blood-retina barrier by reducing vascular 
permeability and VEGF expression, they are used in DME treatment (27). 
Dexamethasone, fluocinolone acetonide, and triamcinolone acetonide are three 
different intravitreal steroids in current use. 

Triamcinolone acetonide (TA) is a synthetic steroid which has 5-fold greater 
anti-inflammatory potency than hydrocortisone. As it is water-soluble, the effect 
profile is long-lasting. The therapeutic effect of intravitreal 4mg TA lasts for 
up to 3 months. There are studies in the literature showing that IVTA provides 
morphological and functional improvements in DME (28). The duration of the 
effect is dose-dependent, and efficacy has been shown for 2-4 months with 4mg, 
and 6-9 months with 20 mg (29). In a 5-year, randomized clinical trial, visual 
acuity increase was defined as an increase of ≥5 letters and was determined 
in 42% of the group treated with IVTA, and in 32% of the control group. In 
another study, the applications of 1 and 5mg doses of IVTA were compared in 
respect of the efficacy and reliability of focal or grid laser. At the end of 3 years, 
photocoagulation was determined to be a more effective method with fewer side 
effects. When the side effects were examined, it was seen that side-effects such 
as cataract progression and increased intraocular pressure were more frequent in 
the patients applied with 5 mg IVTA (30). 

Intravitreal dexamethasone implant (DEX implant, Ozurdex; Allergan) 
containing 0.7mg dexamethasone without preservative, which can be stored at 
room temperature, came on to the market with a 22G-tipped intravitreal injector 
system. As it biodegrades and is expressed slowly, it is effective for up to 6 
months. In a MEAD study that evaluated the 3-year efficacy and reliability of 
0.35mg and 0.7 mg doses of DEX implant, the mean number of injections 
was 4.1 for the 0.7mg DEX implant group, 4.4 for the 0.35mg DEX implant 
group, and 3.3 for the sham group. At the end of the study, an increase in visual 
acuity of ≥15 letters was reported in 22.2% of the 0.7mg DEX implant group, 
in 18.4% of the 0.35mg DEX implant group, and 12% of the sham group. The 
mean decrease in CRT was observed to be greatest (-111.6µm) in the 0.7mg 
DEX implant group, followed by the 0.35 mg DEX implant group (-107.9µm) 
and the sham group (-41.9µm). When side-effects were evaluated, the rates of 
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cataract development in phakic patients were 67.9% in the 0.7mg DEX implant 
group, 64.1% in the 0.35mg DEX implant group, and 20.4% in the sham group. 
An increase >10mmHg in intraocular pressure (IOP) was determined in 27.7%, 
24.8%, and 9.1% of the three groups, respectively. Increased IOP generally does 
not require treatment or can be brought under control with medication. There 
was determined to be a need for trabeculectomy in 2 patients (0.6%) in the 
0.7mg DEX implant group, and in 1 patient (0.3%) in the 0.35mg DEX implant 
group (31). In a review of the data of 15 studies, Khan et al concluded that in 
patients with refractory DME despite anti-VEGF treatment, the DEX implant 
provided an increase in vision, and it was emphasized that this could be an 
alternative for patients unresponsive to anti-VEGF agents (32). 

Iluvien contains 250µg of fluocinolone acetonide (FA) and does not break 
down in the body. It starts with a daily expression of 0.25µg and the effect is 
terminated in 36 months. In the FAME study, group 1 received 0.2µg/day IVFA, 
group 2 received 0.5µg/day IVFA, and group 3 received a sham injection. At the 
end of 3 years, a gain of 15 letters was determined in 28.7% of group 1, 27.8% 
of group 2, and 18.9% of group 3. All the patients applied with IVFA underwent 
cataract surgery, and there was a need for glaucoma surgery in 4.8% of group 1, 
and 8.1% of group 2 (33).

Retisert contains 0.59 mg FA and cannot be broken down in the body. In a 
study of patients with persistent DME, Pearson et al. reported low CRT values 
in the group applied with retisert for 3 years. Increased IOP was determined in 
61.4% of patients applied with the implant, 91% underwent cataract operation, 
and 33.8% of patients required other surgery (34). 

4. Combined Treatments

Like laser treatment, steroids, and anti-VEGF agents are effective through 
different mechanisms, combined treatments can be considered in cases of 
DME unresponsive to anti-VEGF. However, there is limited information in the 
literature about combined treatments. 

Chan et al. compared the combination of subtenon steroid, intravitreal 
bevacizumab, and laser photocoagulation with focal laser alone in patients 
with refractory DME. At the end of 1 year, no significant change was observed 
in visual acuity, but there was a significant decrease in CRT. An increase was 
reported in ptosis and IOP in the triple combination (35). Callanan et al compared 
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the combination of 0.7mg DEX implant and focal laser with the application of 
focal laser only. At 1 and 9 months, the visual acuity gain of ≥10 letters was 
significantly higher in the combination treatment group, but the results at the 
end of 1 year were similar in both groups (36). 

Kim et al applied the combination of vitrectomy, intravitreal triamcinolone, 
and macular laser to 46 eyes with refractory DME, and in the 3-year follow-up 
period, there was a decrease in CRT and a significant decrease in DME recurrence 
following this combined therapy. 

5. Laser Photocoagulation

Although intravitreal anti-VEGF is the first option in the treatment of DME 
with central involvement, most anti-VEGF studies have reported that laser 
photocoagulation as rescue treatment has been applied at the beginning or in the 
continuation of treatment. It can be applied using low energy with millisecond 
pulses without causing permanent damage to the retina pigment epithelium and 
photoreceptors. Compared to classic lasers, in micropulse laser application, 
repeated lasering can be applied to the same area (40). 

6. Surgical Treatment

In the presence of epiretinal membrane and traction, pars plana vitrectomy can 
be considered for patients with DME. In a study on DRCR.net, macular edema 
was reported to have regressed with vitrectomy in cases that were unresponsive 
to different treatments. 
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