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ABSTRACT 

Diabetic retinopathy is that the leading reason for sightlessness among people between twenty-five and seventy-

four years older within the industrialised world. Diabetes mellitus (DM) includes a heterogeneous cluster of dis-

orders of carbohydrate, protein, and metastasis manifesting hyperglycemia. Diabetic retinopathy could be micro-

angiopathy ensuing from the chronic effects of the disease, and shares similarities with the microvascular altera-

tions that occur in different tissues at risk of DM equivalent to the kidneys and also the peripheral nerves. Diabet-

ic retinopathy is assessed into nonproliferative and proliferative stages. Nonproliferative diabetic retinopathy 

(NPDR) involves progressive intraretinal microvascular alterations that may result in, and a lot of advanced pro-

liferative stages outlined by extraretinal neovascularization. Imaging modalities in common clinical use for the 

management of NPDR and DME embrace structure photography, fluorescein angiography (FA), and optical co-

herence tomography (OCT). The suggested schedule for screening and surveillance for NPDR reflects data con-

cerning the epidemiology and natural history of the disease. Diabetic retinopathy could be a leading explanation 
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for vision loss in working-age Americans and a major cause of sightlessness worldwide. The International Diabe-

tes Federation estimates that as several as 592 million individuals worldwide can have DM in 2035, a rise from or 

so 387 million people calculable to possess the disease in 2014. Here, we tend to present a review of the present 

understanding and new insights into biochemical mechanisms within the pathological process in DR, classifica-

tion, furthermore as clinical treatments for DR patients. 

 

Keywords: Diabetic retinopathy, diabetes mellitus, retinal degeneration, fluoresces in angiography, optical coher-

ence tomography, VEGF, focal/grid laser photocoagulation. 

 

INTRODUCTION 

Diabetic retinopathy is that the leading reason for 

sightlessness among people between twenty-five and 

seventy-four years archaic within the industrialised 

world. It affects 3 out of 4 diabetic patients when fif-

teen years of disease duration. Chronic hyperglyce-

mia is the primary issue resulting in the event of dia-

betic retinopathy and alternative complications of the 

disease. The importance of long-run glycemic man-

agement has been once and for all established in the 

landmark clinical trials as well as the diabetes control 

and Complications Trial (DCCT) [1], and therefore the 

United Kingdom Prospective Diabetes Study 

(UKPDS)[2-3] Duration of diabetes diagnosis, hyper-

tension, elevated haemoglobin A1C, and male sex are 

robust risk factors for the event of diabetic retinopa-

thy[4-6]. Diabetic retinopathy is classed into nonprolif-

erative and proliferative stages. Nonproliferative dia-

betic retinopathy (NPDR) involves progressive in-

traretinal microvascular alterations which will result 

in a lot of advanced proliferative stages outlined by 

extraretinal neovascularization. The earliest diabetes-

induced changes within the retina are biochemical, 

hemodynamic, and cellular. Usually, these changes 

are at first impalpable clinically and should have not 

any or least result on vision. In contrast, proliferative 

diabetic retinopathy (PDR) represents a complicated 

stage of the diabetic disease characterised by the ex-

pansion of recently shaped retinal vessels on the reti-

na or blind spots that stretch on the retinal surface or 

into the vitreous cavity, considerably increasing the 

danger for vision loss [7-8]. 

Prevalence of Retinopathy: 

With type 1 diabetes, 13% of patients have retinopa-

thy at five years, and 90% after 10–15 years. The pro-

liferative retinopathy develops in 25% of type 1 dia-

betic after fifteen years [9]. Insulin-treated patient with 

type 2 diabetes features a 40% prevalence of reti-

nopathy after 5 years, and 24% if treated with oral 

hypoglycemic agents. When fifteen- nineteen years 

of diabetes, the prevalence will increase to 84% and 

53% respectively. Proliferative retinopathy is present 

in 2% of type 2 patients at intervals the 5 years of 

diagnosing and in twenty-five per cent 25 years or 

additional [10]. Population-based studies like the Wis-

consin epidemiologic Study of Diabetic Retinopathy 

(WESDR) [11-13]. 

Biochemical Mechanisms in the Pathogenesis of 

Diabetic Retinopathy: 

Chronic hyperglycemia is understood to be the most 

important etiologic issue resulting in all the micro-

vascular complications of diabetes, as well as diabetic 

retinopathy. However, the organic chemistry mecha-

nisms by that hyperglycemia act presently stay un-

clear. Projected theories are mentioned during this 

article. 

The Aldose Reductase Theory: 

Elevation of intracellular aldohexose levels will cause 

enhanced activation of the monosaccharide reductase 

pathway. Monosaccharide reductase uses the reduced 

variety of nicotinamide adenine dinucleotide phos-

phate (NADPH) as a chemical compound to scale 

back several aldose sugars into their various sugar 

alcohols. Aldohexose is reduced to sorbitol, which is 

then oxidised into fruit sugar by sorbitol dehydrogen-

ase. However, sorbitol could build up to high intra-

cellular levels as a result of the sorbitol dehydrogen-

ase reaction is slow and therefore the accumulating 

sorbitol doesn't simply cross the cytomembrane into 
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the extracellular space. In normoglycemic conditions, 

the monosaccharose enzyme pathway is nonoperative 

as a result of aldohexose may be a poor substrate for 

aldose reductase because of its high binding constant 

(kM). However, within the setting of hyperglycemia, 

the aldose reductase pathway becomes activated once 

the opposite protein pathways of glucose metabolism 

become saturated. Lens epithelial tissue expresses 

high levels of aldose reductase, and accumulation of 

sorbitol is believed to guide the event of a cataract in 

diabetes [14]. Diffusion stresses are planned because 

the mechanism by that elevated animate thing sorbi-

tol results in the pathologic changes seen in diabetes 

[15]. 

Advanced Glycation Endproduct (Age) Theory 

Advanced glycation endproducts (AGEs) is that the 

collective name given to proteins, lipids, and nucleic 

acids that endure irreversible modification by reduc-

ing sugars or sugar-derived products. The series of 

chemical processes that result in the formation of 

AGEs is named the Maillard reaction. The Maillard 

reaction is to blame for the "browning" of tissue seen 

with ageing also because of the "browning" of food 

throughout cooking. The initial chemical reaction is 

thought of as early glycation and involves reversible 

accelerator binding of sugar to aminoalkanoic acid 

teams on proteins, lipids, or nucleic acids. They form 

Schiff bases which might bear arrangements to make 

additional stable Amadori merchandise. Glycosylated 

Hb (HbA1c) and fructosamine are well-known sam-

ples of Amadori products used clinically as markers 

of glycemic control. Though they are not AGEs, they 

will undergo any reactions to eventually cause the 

formation of AGEs. The formation of AGEs may di-

rectly harm cells by impairing the performance of a 

range of proteins [16], as well as each animate thing 

proteins like albuminoidal [17] and animate thing pro-

teins. [18-19]. 

Photoreceptor Metabolism Theory: 

Rods expend a lot of energy darkly, requiring up to 

fourfold the maximum amount of adenosine triphos-

phate (ATP) in darkness compared to light. Reports 

have theorized that dark-adapted rods could also be 

concerned with the development of retinal chronic 

disease, as well as diabetic retinopathy [20]. Within the 

dark-adapted state, rods consume high levels of 

chemical elements, therefore, reducing the PO2 of the 

inner retina. Hyperglycaemia leads to pseudohypoxia 

of the retina and matched with hypoxia of the inner 

retina throughout the dark-adapted state, VEGF pro-

duction is increased. [20-22]. 

Reactive Oxygen Intermediates (Roi) Theory: 

One of the oldest theories proposes that chronic hy-

perglycaemia results in the complications of polygen-

ic disorder by increasing aerophilous stress. The 

standard metabolic pathway of aldohexose is through 

the metabolic process and therefore the tricarboxylic 

acid cycle, which takes place within the mitochondria 

and yields reducing equivalents accustomed to driv-

ing the synthesis of nucleotide via oxidative phos-

phorylation. However, byproducts of the biological 

process embrace free radicals, similar to superoxide 

anion, whose production is hyperbolic by high levels 

of aldohexose [23]. Free radicals will injury mitochon-

drial DNA [24] moreover as cellular proteins [25] and is 

created by the autoxidation of glucose. 

Protein Kinase C (PKC) Theory: 

PKC may be an omnipresent catalyst that seems to 

push the event of many of the complications of diabe-

tes while not the involvement of the monosaccharide 

enzyme pathway. It has been determined that diabetes 

and inborn error of metabolism will manufacture ele-

vation of DAG inside cells of the retina and artery in 

dogs despite treatment with the aldose reductase sub-

stance sorbinil [26-27]. Activation of PKC happens 

through the activation of phospholipase C that results 

in a rise in animate thing Ca 2+ and DAG, which 

successively results in the activation of PKC [28]. Hy-

perglycaemia may end up in pathologic activation of 

PKC. Elevated aldohexose levels lead to activation of 

the glycolytic pathway and cause raised levels of in-

tracellular glyceraldehyde-3-phosphate. Glyceralde-

hyde-3-phosphate will promote the American state 

Novo synthesis of DAG through glycerol-3- phos-

phate, which in turn activates PKC [29]. 

Classification of Diabetic Retinopathy: 

The ETDRS diabetic retinopathy severity scale was 

evaluated for its reliability as a part of the study and 
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was valid as a grading system with prognostic power 

[30-32]. ETDRS investigators assigned thresholds to 

outline delicate NPDR, moderate NPDR, severe 

NPDR, early PDR, and risky PDR. 

Classification of Diabetic Retinopathy in the Early 

Treatment of Diabetic Retinopathy Study (ET-

DRS): 

Mild NPDR: A minimum of one microaneurysm, 

AND criteria not met for a lot of severe retinopathy.  

Moderate NPDR: Hemorrhages/microaneurysms ≥ 

commonplace photograph 2A AND/OR cotton-wool 

spots, venous beading, or IRMA positively present; 

AND criteria not met for more severe retinopathy. 

Severe NPDR: Cotton-wool spots, venous beading, 

and IRMA positively present in a minimum of 2 of 

photographic fields 4–7; OR two of the 3 preceding 

options presents in at least two of fields 4–7 and 

haemorrhages/microaneurysms present in fields 4–7 

≥ normal photograph 2A in at least one among them; 

OR IRMA present in every of fields 4–7 and ≥ stand-

ard photograph 8A in at least two of them; AND cri-

teria not met for additional severe retinopathy. 

Early PDR:  New vessels; AND criteria not met for 

high-risk PDR. 

High-risk PDR: New vessels on or inside one disc 

diameter of the point (neovascularization of the disc 

[NVD]) ≥ commonplace photograph 10A (approxi-

mately – disc area) with or while not vitreous or pre-

retinal haemorrhage; OR vitreous and/or preretinal 

haemorrhage during new vessels, either NVD < 

standard photograph 10A or new vessels elsewhere 

(NVE) ≥ disc area. 

Diabetic Macular Edema:  

DME, outlined as macular thickening ensuing from 

diabetic retinopathy, results from retinal tube-shaped 

structure hyperpermeability and different alterations 

within the retinal microenvironment and represents a 

standard reason behind vision loss among individuals 

with DM. DME will occur in eyes with a large spec-

trum of underlying retinopathy, from delicate NPDR 

to PDR. DME may result from the leak of microaneu-

rysms, or it should evolve from diffuse leakage of 

hyperpermeable capillaries. 

 

Ancillary Ocular Imaging:  

Imaging modalities in common clinical use for the 

management of NPDR and DME embrace fundus 

photography, fluorescein angiography (FA), and op-

tical coherence tomography (OCT). 

Fundus Photography: 

Fundus photography may be a valuable clinical tool 

for evaluating the progression of retinopathy in indi-

vidual patients and participants in clinical trials. Pho-

tography is employed in clinical follow to document 

the standing of retinopathy and the effects of treat-

ment. Although not forever as sensitive as ophthal-

moscopy at detection delicate options of diabetic ret-

inopathy similar to IRMA and early extraretinal neo-

vascularization, photography is often helpful in doc-

umenting bound findings in choose patients. For ex-

ample, it can be accustomed to record the extent and 

distribution of hard exudates in DME, the extent of 

retinal alterations in severe NPDR, and also the look 

of laser photocoagulation burns. 

Fluorescein Angiography: 

Fluorescein angiography (FA), consisting of photog-

raphy or videography of the fundus exploitation cam-

eras equipped with acceptable filters following intra-

venous injection of the organic compound dye fluo-

rescent dye metallic element, has been used clinically 

in ophthalmology for over fifty years. Fluorescein 

angiography has multiple uses within the clinical 

analysis of diabetic retinopathy. As a result of intra-

venous injection of fluorescein sodium are often re-

lated to severe adverse reactions (with risk of death 

calculable at around 1/200, 000) [33], Fluorescein an-

giography for evaluation of diabetic retinopathy is 

confined to settings within which vital aspects of 

management depend on the results of the test. Fluo-

rescein angiography has been used extensively for the 

evaluation of diabetic retinopathy, In NPDR; Fluo-

rescein angiography is most typically indicated for 

additional characterization of DME diagnosed on 

ophthalmoscopy. 

Optical Coherence Tomography: 

OCT, which utilizes low-coherence interferometry 

involving close to infrared emission for cross-

sectional imaging of intraocular structures, has 
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emerged over the last 20 years as a fast; non-invasive 

means that of imaging the retina, vitreoretinal inter-

face, and also the retinal pigment epithelial tissue 

(RPE) in NPDR and alternative macular diseases. 

The fundamental principles of Optical Coherence 

Tomography and the applications of this technology 

to the analysis of the retina In NPDR, Optical Coher-

ence Tomography is usually accustomed to character-

ize DME and abnormalities of the vitreoretinal inter-

face. 

Management: 

Pharmacotherapy with Vascular Endothelial 

Growth Factor (VEGF) Antagonists: 

VEGF-A exerts potent effects on retinal vascular 

permeability, and concentrations of sure VEGF-A 

isoforms within the retina and vitreous are elevated in 

diabetic retinopathy [34-36]. Numerous VEGF antago-

nists are developed for ophthalmic andnonophthalmic 

uses, as well as bevacizumab, a humanized murine 

antibody binding VEGF-A; ranibizumab, a human-

ized murine monoclonal antibody fragment, addition-

ally binding VEGF-A; pegaptanib sodium, an ap-

tamer specifically inhibiting the VEGF-A one hun-

dred sixty-five isoform; and aflibercept, an individu-

al's fusion super molecule incorporating ligand-

binding components from VEGF receptors and also 

the Fc region of an IgG1 molecule. Endogenous ad-

ministration for ophthalmic illness has been studied 

for a few agents [37-39], however intravitreous injection 

has become the quality route of delivery to the eye. 

Pharmacotherapy with Corticosteroids: 

Corticosteroids have immune-modulatory and antian-

giogenic properties and are used for the treatment of 

ophthalmic disease since the Nineteen Fifties [40-45]. 

Common adverse effects, as well as hyperglycaemia 

and different metabolic alterations tough to manage 

within the setting of DM, limit their long-run general 

use, however, a variety of formulations permitting 

native delivery to the eye have been developed. The 

restricted intraocular penetration of existing topical 

preparations makes them unsuitable for the treatment 

of most retinal diseases, but injectable corticosteroids 

and sustained-release formulations for intraocular use 

have been evaluated for effectuality in DME. 

Focal/Grid Laser Photocoagulation: 

The effectiveness of focal/grid laser photocoagulation 

for treatment of DME was established within the 

ETDRS,[46] the impact of various methods of fo-

cal/grid and scatter laser photocoagulation and there-

fore the use of daily salicylate on retinopathy pro-

gression and vision loss in eyes with malady starting 

from gentle NPDR to early (non-high-risk) PDR[47]. 

The present normal technique is well summarized by 

parameters for “modified-ETDRS” focal/grid laser 

photocoagulation such that by the DRCR.net to be 

used in its protocols. (Table 1) 

 

Table 1:  Modified-ETDRS Focal/Grid Laser Photocoagulation Technique Used By the Diabetic Retinopathy 

Clinical Research Network (DRCR.Net):  

Treatment Parameter DRCR.net Technique for Modified-ETDRS Focal/Grid Laser Photocoagulation 

Direct treatment Directly treat all leaking microaneurysms in areas of retinal thickening between 500 and 3000 

µm from the centre of the macula (although may treat between 300 and 500 µm of the centre if 

centre-involved oedema persists after initial focal photocoagulation, but generally not if the vis-

ual acuity is better than 20/40) 

Change in microaneu-

rysm colour with direct 

treatment 

Not required, but at least a mild grey–white burn should be evident beneath all microaneurysms 

Spot size for direct treat-

ment 

50 µm 

Burn duration for direct 

treatment 

0.05–0.1 seconds 

Grid treatment Apply to all areas with oedema not associated with microaneurysms; if fluorescein angiography 

is obtained, the grid is applied to areas of oedema with angiographic nonperfusion when judged 
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indicated by the investigator 

The area considered for 

grid treatment 

500–3000 µm superiorly, nasally, and inferiorly from the centre of macula; 500– 3500 µm tem-

porally from the macular centre; no burns placed within 500 µm of disc 

Burn size for grid treat-

ment 

50 µm 

Burn duration for grid 

treatment 

0.05–0.1 seconds 

Burn intensity for grid 

treatment 

Barely visible (light grey) 

Burn separation for grid 

treatment 

Two visible burn widths apart 

Wavelength (grid and 

direct treatment) 

Green to yellow wavelengths 

 

Panretinal Photocoagulation: 

The initial reports regarding photocoagulation were 

restricted by little numbers of patients, transient peri-

ods of follow-up or lack of an at random way} desig-

nated management cluster [48]. The National Eye Insti-

tute' Diabetic Retinopathy Study (DRS), which com-

pared Xe arc and argon laser photocoagulation to no 

photocoagulation in patients with PDR [49]. The DRS 

provided the initial proof to determine the protection 

and effectiveness of recent pan-retinal (scatter) pho-

tocoagulation (PRP). 

Current Techniques of Panretinal Photocoagula-

tion: The DRS and ETDRS valid the effectiveness of 

PRP and established the indications and parameters 

for the treatment of PDR many decades ago [50-51]. 

These ideas persist largely unchanged in the present 

day as a result of their exceptional efficacy. An out-

line of the current protocol for PRP is conferred (Ta-

ble 2). 

 

Table 2: Current Treatment Protocol for Panretinal (PRP) Laser Photocoagulation: 

Burn Characteris-

tic  

Recommendations 

CONVENTIONAL SLITLAMP LASER DELIVERY SYSTEMS 

Size (on the retina) 500 µm (e.g., argon laser using 200-µm spot size with Rodenstock lens, or equivalent), 400 µm (e.g., 

200-µm spot size with Mainster 165, Volk Quadraspheric or SuperQuad 160) or 500-µm spot size 

with 3-mirror contact lens 

Exposure 0.1 seconds recommended, 0.05–0.2 allowed 

Intensity Mild white retinal burns (i.e., 2+ to 3+ burns) 

Distribution Edges 1 burn width apart 

No. of ses-

sions/sittings  

1 to 3 

Nasal proximity to 

the disc  

No closer than 500 µm 

Temp. proximity to 

centre  

No closer than 3000 µm 

Superior/inferior 

limit  

No further posterior than 1 row within the temporal arcades 

Extent  Arcades (~3000 µm from the macular centre) to at least the equator 

Several final burns:  1200–1600 

Wavelength  Green or yellow (red can be used if the vitreous haemorrhage is present precluding use of green or 
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yellow) 

AUTOMATED PATTERN SCANNING LASER DELIVERY SYSTEMS 

Size (on the retina) 400 µm (e.g., 200 µm spot size with Mainster 165, Volk Quadraspheric or SuperQuad 160) 

Exposure  0.02 seconds 

Intensity Mild white retinal burns 

Distribution Edges  0.5 burn width apart 

No. of ses-

sions/sittings  

Unrestricted (generally should be completed in <6) 

Nasal proximity to 

the disc  

No closer than 500 µm 

Temp. proximity to 

centre  

No closer than 3000 µm 

Superior/inferior 

limit  

No further posterior than 1 row within the temporal arcades 

Extent  Arcades (~3000 µm from the macular centre) to at least the equator 

Number of final 

burns  

1800-2400 

Wavelength  Green (532 nm) only 

Patterns 2×2, 3×3, 4×4, 5×5 as needed for uniform focus/uptake 

INDIRECT LASER DELIVERY SYSTEMS 

Size (on the retina)  400 to 500 µm spot size with 20 D, 28 D, or 30 D indirect lens (depending on diopter of the indirect 

lens) 

Exposure  0.050–0.10 seconds 

Intensity Mild white retinal burns 

Distribution Edges 1 burn width apart 

No. of ses-

sions/sittings  

Unrestricted (generally should be completed in <6) 

Nasal proximity to 

the disc  

No closer than 500 µm 

Temp. proximity to 

centre  

No closer than 3000 µm 

Superior/inferior 

limit  

No further posterior than 1 row within the temporal arcades 

Extent  Arcades (~3000 µm from the macular centre) to at least the equator 

Number of final 

burns  

1200–2000 

Wavelength Green (532 nm) only 

 

Vitrectomy: Several tiny case series have the report-

able advantage of vitrectomy within the setting of 

demonstrable vitreomacular traction and epiretinal 

proliferation in DME [52-55]. Variations in patient pop-

ulations, the definition of clinically important vitre-

oretinal traction, surgical approach, use of laser and 

medications as an adjunct treatment, outcome 

measures, and follow-up, aboard the customary limi-

tations and biases of retrospective studies, create it 

troublesome to assess the effectiveness of surgery. 

The intervention was nonstandardized, with vitrecto-

my variably in the middle of epiretinal membrane 

peeling, internal limiting membrane peeling, use of 

scatter laser, and injection of corticosteroids. 

Screening and Surveillance: The recommended 

schedule for screening and surveillance for NPDR 

reflects information regarding the epidemiology and 

natural history of the disease. An initial eye examina-
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tion is suggested five years following diagnosing of 

type one DM, and at the time of diagnosis for those 

with type two DM [56]. Suggested follow-up examina-

tion for persons with type 1 and kind 2 DM with no 

retinopathy is yearly. within the absence of DME, 

those with delicate to moderate NPDR ought to be 

evaluated each 6–12 months, and people with severe 

NPDR should be seen every 2–4 months, Patients 

with DME advantage frequent follow-up, usually a 

minimum of every 2–4 months, Associate in Nursing 

generally monthly betting on treatment. Any new 

ocular symptoms ought to prompt timely analysis 

tailored to the circumstances. A comprehensive eye 

evaluation, as well as dilated funduscopic examina-

tion by an ophthalmologist intimate within the man-

agement of diabetic eye disease, remains the quality 

of taking care of retinopathy screening in areas with 

adequate access to ophthalmic care. 

 

CONCLUSION 

We have created tremendous progress in managing 

diabetic retinopathy. Present treatment ways provide 

vision gain during a vital proportion of patients. Im-

portant challenges remain, however. To combat the 

increasing burden of disease, we tend to should de-

velop higher preventive strategies. To appreciate the 

advantages of existing treatments, we must greatly 

improve our success at screening and surveillance for 

diabetic retinopathy and facilitate access to timely 

therapy. To develop simpler treatments, we must bet-

ter understand the biochemical and cellular basis for 

disease and rationally target key pathways. Prolifera-

tive diabetic retinopathy could be a severe sight-

threatening complication of diabetes. Whereas PDR 

cannot be prevented, scatter (panretinal) laser surgery 

is effective in protecting vision and preventing vision 

loss. Augmented understandings of the organic chem-

istry mechanisms underlying PDR are providing new 

therapeutic approaches with the promise to be each 

effective and fewer damaging than current photo-

coagulation techniques. Timely panretinal laser pho-

tocoagulation will cut back the danger of severe visu-

al loss by 96%, with long-run preservation of vision. 

Recent information recommends that anti-VEGF 

therapy is additionally a secure and effective treat-

ment different for eyes with PDR. Given the advanc-

es current within the general and ocular management 

of diabetes, it's doubtless that the long run of PDR. 
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