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It gives me great pleasure to write a foreword for the guidelines 

developed by Medical Retina Association of Pakistan on Management of 

Diabetic Retinopathy.  

 Scientific knowledge is expanding with every spent moment and we 

are living in an era of globalization through information technology and 

social media.  

 Guidelines are available from almost all international forums and 

associations and are just one click away from all of us. Why then there is 

a need of developing guidelines indigenously?  The reasons are local 

pattern of disease, variable management protocols based on different 

ethnicities, culture and traditions. 

 I would like to acknowledge the efforts of the whole team of Medical 

Retina Association of Pakistan, but especially the President Dr Tariq 

Aziz and General Secretary Prof M Shakaib Anwar. I would also like to 

appreciate the support of OSP Task Force for Education, Chaired by Prof 

Hamid Mahmood Butt and OSP Task Force for Publication chaired by 

Prof Muhammad Moin in this endeavor. The support and guidance given 

by Prof. Saleh Memon, Prof. M. Daud Khan and Prof. Asad Aslam Khan 

is hereby very well acknowledged. 

 I hope these guidelines will serve as a land mark in better 

management of patients. 
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PREFACE 

 
     These guidelines have been prepared for qualified ophthalmologists 

who have some experience of working in retina clinics, thereby omitting 

unnecessary details. These guidelines give the concept of diagnostic and 

therapeutic modalities employed in dealing with Diabetic Retinopathy in 

the current era. Our country is a developing one and so is our health 

system; but fortunately, modern medical facilities are available in major 

public and private hospitals. Although strong efforts are being made to 

develop our primary health care system, especially on the screening side, 

diabetic retinopathy is mainly managed in tertiary care centers. After 

taking into consideration RCO, AAO, ICO, NICE guidelines and 

currently available literature on the subject, these guidelines have been 

prepared in accordance with the facilities available in most of our health 

care centers. 

 Ophthalmologists play a key role in reducing the overall morbidity 

and mortality associated with diabetes by contributing to the effective 

management of eye problems in patients with diabetes and contributing 

to the collection, analysis and dissemination of information which is 

essential for patient management and monitoring its quality and 

outcomes. Ophthalmologists who may be the first ones to detect type 2 

diabetes, have an important responsibility to instruct the patients about 

the need to have the diabetic control and make the patients aware of the 

other aggravating factors as raised serum cholesterol levels and 

hypertension. 

 I have tried to give an account and utility of the latest diagnostic 

modalities considering the future trends. The reader of these guidelines 

are encouraged to keep themselves abreast with the latest developments 

through the latest material available to read on this subject. 

 

 

 

Prof. Dr. M. Shakaib Anwar 

General Secretary 

Medical Retina Association of Pakistan 

November.2019 
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Section 1 

 
Definition of Diabetes Mellitus 

 
Diabetes mellitus (DM) is a metabolic disorder characterized by chronic 

hyperglycemia with deranged carbohydrate, protein and fat metabolism 

resulting from defects in insulin secretion, insulin action, or both 1. It has 

multiple etiologies. 

 

Definition of Diabetic Retinopathy 

Diabetic retinopathy (DR) is a chronic, progressive and potentially sight-

threatening disease of the retinal microvasculature associated with 

prolonged hyperglycemia and other conditions associated with diabetes 

mellitus such as hypercholesterolemia and hypertension. 

 

Epidemiology 

Diabetic retinopathy (DR), a major microvascular complication of 

diabetes, has a significant impact on the world's health systems. It is the 

5th commonest cause of acquired visual loss worldwide, and the leading 

one among the working population (46% of all those will be of working 

age group (40-59 years). The prevalence of DR due to DM type1 and 

DM type 2 has been reported as 10 - 50% and 25.2% respectively. 

Globally, the number of people with DR will grow to 191.0 million by 

2030. It is expected to have 7.5% cases of PDR and 22.5% of DME. 

Overall, it is predicted that the total number of people living with 

diabetes will increase to 552 million by 2030 and those with vision-

threatening diabetic retinopathy (VTDR) will rise to 56.3 million by that 

time 2,3. Due to sedentary life style, obesity and increased life 

expectancy, the incidence of type 2 diabetes has risen significantly 4. It is 

estimated to be 70% in low-income and middle-income countries 

(LMIC) 5. 

 

Classification of DR 

Although there are various ways to classify DR, but the main focus 

remains on the two basic mechanisms leading to compromised vision: 
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retinopathy (risk of new vessels) and maculopathy (risk of damage to 

the central fovea). 

A. Retinopathy 

It is classified on the basis of presence or absence of abnormal new 

vessels which affect the visual outcome. The two types are: 

a. Non-proliferative (background/pre-proliferative) retinopathy. 

b. Proliferative retinopathy. 

 

a. Non-proliferative Diabetic Retinopathy (NPDR) 

(Background/Pre-proliferative) 

According to American Academy of Ophthalmology (AAO) 

classification, NPDR is graded as: 

• Mild. 

• Moderate. 

• Severe. 

According to NSC-UK classification, NPDR is graded as: 

• Background. 

• Pre-proliferative. 

In the Scottish Diabetic Retinopathy Grading system, NPDR is graded as 

follows: 

• Mild background. 

• Moderate background. 

• Severe background. 

 

b. Proliferative Diabetic Retinopathy (PDR) 

It is described according to: 

 

(i) Location 

• New proliferating vessels on the disc (NVD) or within 1 disc 

diameter (DD) of the disc margin 

• New proliferating vessels elsewhere in the retina (NVE) more than 

1DD from the disc. 

 

(ii) Severity 

• Early PDR 

• PDR with high risk characteristics 

• Florid PDR and 

• Gliotic PDR. 
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• “Involutionary” PDR is used to describe new vessels which have 

regressed in response to treatment or (rarely) spontaneously. 

 

B. Diabetic Maculopathy 

Affection of macula in diabetes mellitus is separately described as 

diabetic maculopathy. 

It is further classified as: 

• Focal edema. 

• Diffuse edema. 

• Ischemic. 

• Mixed. 

 Diabetic Maculopathy may have a tractional element (VMT) due to 

vitreoretinal pathology or nontractional (intra-retinal). 

 

Complications linked to Diabetic Retinopathy 

There are certain complications linked to DR which must be kept in mind 

while managing a case of DR. These may be categorized as under: 

 

Specific: 

Retinal Detachment. 

New Vessels in Iris (NVI) 

Cataract. 

Optic neuropathy. 

 

Non Specific: 

Glaucoma. 

Retinal vein occlusion. 

Optic nerve swelling (diabetic papillopathy). 

 

Risk Factors 

Factors that aggravate or enhance DR are called risk factors for DR. 

These are of two types: 

 

A. Non modifiable 

a) Duration and age at onset 

It is a major risk factor although better management of DM can reduce 

the severity of DR to some extent. 
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b) Puberty 

Children younger than twelve years hardly develop complications of 

diabetes
13

. Puberty is a risk factor for developing retinopathy because of 

the physiological increased resistance to insulin at this age. Surge of 

growth hormone and inadequate control of glycaemia in adolescence 

may enhance the progression of DR. 

 Adolescent diabetics are more prone to vision threatening 

retinopathy as compared to adult patients. DR may progress rapidly in 

those with poor glycemic control. At this age, efforts should be directed 

to screening for early signs of DR and modifiable risk factors
3
. 

 

c) Gender 

Males are more prone to DR because research has shown that females 

have some inherent resistance to neurodegenerative changes that precede 

background DR in Type II DM
6
. 

 

B. Modifiable Risk Factors 

a) Diabetic control 

It is known that good glycemic control has a positive role at any stage in 

the development of retinopathy; prevention and progression in the early 

stages of retinopathy and for reducing chances of severe proliferative 

retinopathy and visual loss. Intensive control in early diabetes has a 

positive long lasting effect on DR
7
. Adolescents with loose diabetic 

control (HbA1C > 10%) for more than 10 years are at risk of developing 

vision threatening “florid” DR. They should be followed up frequently 

for fundus examination 8. In younger children, very strict control can 

adversely affect development of brain, so a balance has to be struck. The 

risk of complications is associated independently and additively with 

hyperglycemia and hypertension with risk reductions of 21% per 1% 

HbA1c decrement and 11% per 10 mmHg systolic blood pressure 

decrement
9
. 

 

b) Blood Pressure 

Good control of blood pressure has a positive role in prevention and 

management of diabetic retinopathy. A 10 mm of Hg reduction in mean 

systolic blood pressure reduces microaneurysm count, hard exudates and 

cotton wool spots over 4-7 years time by 11% as mentioned above
9
. 
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 The patients should be encouraged to regularly monitor their blood 

pressure. Systolic blood pressure should be aimed at ≤ 130mmHg in 

those with established retinopathy and/or nephropathy. 

 Anti-hypertension drugs blocking the renin-angiotensin system 

(RAS) may have beneficial effect, particularly on mild retinopathy, but 

these are to be discontinued during pregnancy. 

 

b) High serum cholesterol 

Raised serum cholesterol levels is an aggravating factor for DR. Statins 

should be considered in secondary prevention of macrovascular disease 

as well as in primary prevention
10,11,12

. 

 

c) Body Mass Index (BMI) 

High BMI has been shown to be a risk factor for developing retinopathy 

in adolescence
13

. 

 

d) Vitamin D 

Vitamin D has balancing role in inflammation and angiogenesis. Vitamin 

D Deficiency may increase pronicity to DR
14

. 

 

e) Smoking 

The effect of smoking on retinopathy may be due to its ischemic effects 

but it is not clear
4
.Smoking has been shown to be associated with 

microangiopathy when complications occur early in the course of type 1 

diabetes 15 Smoking has not shown to be significantly associated with 

older onset diabetes or with progression to proliferative diabetic 

retinopathy in any of the groups if the known risk factors are well 

controlled. Patients with DR should be informed that they are at a higher 

risk of cardiovascular disease and they should quit it for an overall 

healthy life
16,17

. 

 

f) Pregnancy 

It has an effect on pre-existing DR. Progression of retinopathy is 

relatively of low risk in pregnancy. This is established in patients with 

type 1 diabetes
18

. The known duration of diabetes in a pregnant type 2 

patient is often short but retinopathy has been reported in 14% in early 

pregnancy and progressed in a minority. Post-partum worsening of 

retinopathy is not seen in type 1 diabetes
19

. Patients with DM planning to 

get pregnant should be made aware of the need for retinal examination 
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before and during pregnancy. Pregnant diabetics should undergo retinal 

assessment after their first antenatal checkup and then at 28 weeks if the 

retina was normal. In the presence of DR, retinal assessment should 

again be performed at 16–20 weeks. Those who have pre-proliferative 

diabetic retinopathy diagnosed during pregnancy should be followed up 

for at least 6 months after delivery. 

 
Clinical Features of Diabetic Retinopathy 

Diabetic retinopathy (DR) is essentially, but not exclusively, a 

microvascular disease. Its clinical features help the ophthalmologist to 

predict the visual prognosis of a patient. The classification of DR is 

mainly based on two features: 

a. Presence or absence of new vessels (proliferative or non-

proliferative). 

b. Presence or absence of sub-foveal macular edema. 

 The newer imaging techniques are now working on the roles of 

retinal pigment epithelium and choroidal circulation as well. 

 
A. Non Proliferative DR 

i. Isolated Capillary Occlusion 

Early funduscopic findings in diabetic retinopathy are due of isolated 

capillary occlusion resulting in dilatation of adjacent non-occluded 

capillaries and formation of saccular or fusiform swellings called 

microaneurysms. The capillary circulation, as such, can only be detected 

through high penetration OCT or fluorescein angiography
20

. 

 
a) Microaneurysms (Ma) 

Microaneurysms appear as isolated red spheres or dots. These may leak 

producing dot hemorrhages, edema and exudates. These may thrombose 

spontaneously to disappear or remain visible as white dots. 

 
b) Dot Hemorrhages (DH) 

These are small, discrete hemorrhages which are difficult to differentiate 

clinically from microaneurysms so these can be documented as dot 

hemorrhage/ microaneurysm (H/Ma). Fluorescein angiography and 

OCT-A can differentiate between the two. 
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ii. Diffuse Capillary Occlusion 

Persistent and progressive capillary occlusion results in significant 

ischemia and infarction. These in turn lead to development of blot 

hemorrhages, intraretinal microvascular anomalies and venous changes 

(Fig. 1). Extensive capillary occlusion results in neovascularization. 

 

a) Blot hemorrhages (BH) 

These represent deep retinal infarcts in the outer plexiform layer (Fig. 2). 

On fluorescein angiography, these do not mask the overlying capillary 

bed unlike dot and flame hemorrhages which are in more superficial 

layers of retina. Peripheral, large blotch hemorrhage indicate extensive 

ischemia; such patients often develop neovascular glaucoma. 

 

b) Cotton wool spots (CWS) 

These develop as a result of build-up of axoplasmic flow at the edge of 

the infarct; most oftenly seen on the nasal side of the optic disc. These 

are not specific to DR and unless extensive, do not definitely predict new 

vessel formation 20. 

 

c) Intra-retinal Microvascular Anomalies (IRMA) 

During the progression of DR when capillary network between arteriole 

and venule is significantly closed, the capillary remnants are dilated. 

These are easily detected on fundus fluorescein angiogram FFA. These 

may also represent a variant of collateral vessels formation in the vicinity 

of capillary closure. These resemble telangiectatic vessels in young but 

can be differentiated on FFA as telangiectatic vessels leak along their 

length and also lead to retinal edema and exudation. 

 

d) Venous Beading 

This may represent foci of venous endothelial cell proliferation that have 

failed to develop into new vessels. Fluorescein angiography shows vessel 

wall staining. 

 

e) Venous Reduplication 

This is infrequent and usually occurs along venous beading. 

 

f) Venous Loops 

These are thought to develop due to small vessel occlusion and opening
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of alternative circulation. 

This too is an infrequent finding. 

 

g) Retinal pallor 

This is non-specific feature and is related to choroidal microcirculation. 

Detected best on FFA, OCT angiography (OCTA) and red-free fundus 

photographs. 

 

h) White lines 

These represent vessel wall staining or thrombosed arterioles, usually 

seen with retinal pallor and in areas of extensive capillary closure. 

 

iii. Macular Changes in Non-Proliferative DR 

Macular Edema 

Diabetic macular edema (DME) can be focal or diffuse depending upon 

discrete source of leakage like a microaneurysm or widespread capillary 

leakage respectively. It can be subfoveal or away, making it more or less 

significant respectively (Fig. 3) or very severe (Fig. 4). 

 

iv. Macrovascular Disease 

Diabetic retinopathy is not exclusively a microvascular disease. In the 

horizontal nerve fiber layer, mainly the arterioles and not the capillaries 

are occluded leading to flame shaped hemorrhages and cotton wool 

spots. 

 

vi. Optic Disc Changes 

Optic disc swelling, diabetic papillopathy, is seen occasionally in 

diabetics. It has no direct relationship with the gravity of DR. Visual 

functions on the whole are intact, although visual acuity may be 

disturbed
20

. There is also higher frequency of anterior ischemic optic 

neuropathy (AION). Glaucomatous optic neuropathy is also more 

frequent as diabetics have a higher incidence of glaucoma. 

 

B. Proliferative DR (PDR) 

i. NVD and NVE 

Vascular proliferation occurs at the junction of perfused and non-

perfused retina in response to the extensive capillary closure and 
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resulting ischemia (Fig. 5, 6). This is Proliferative diabetic retinopathy 

(PDR). New vessels, which usually grow from post-capillary venules, 

can appear on the disc (NVD) or elsewhere on retina (NVE). NVD 

appear on or within one disc diameter (DD) from the disc. These are 

difficult to differentiate from fine normal vessels on the disc. The later 

14 taper off from the disc and do not return to disc, while NVs always 

loop back, may form a network and are wider at top of the loop. These 

leak on FA. NVD can form as a result of generalized retinal ischemia or 

even widespread macular ischemia. 

 New vessels elsewhere (NVE) occur along the border between 

healthy retina and areas of capillary occlusion. These resemble IRMAs 

which occur within areas of capillary occlusion. IRMAs never form 

loops. An unusual blood vessel forming loops is supposed to be a new 

vessel until proven otherwise. 

 Formation of new vessels on the iris (NVI) indicates more 

widespread retinal ischemia and it may lead to neovascular glaucoma by 

formation of new vessels in the anterior chamber angle (NVA). 

 New vessel formation on the anterior hyaloid surface usually occurs 

after vitrectomy if insufficient ablation of the peripheral retina is done
20

. 

 The scale of capillary closure, assessed clinically or through OCT-A 

or FFA is a predictor of amount and speed of new vessels formation. A 

large isolated ischemic area may lead to earlier vascular proliferation as 

compared to generalized low grade ischemia. Similarly spread out small 

clusters of capillary closure may not cause early proliferation of new 

vessels. 

 

ii. New Vessels at the Vitreoretinal Interface. 

Symptoms arising from growth of new vessels at the VR interface occur 

as a result of complications of the dynamic interaction between blood 

vessels and posterior hyaloid face and not by mere presence of new 

vessels. This interaction leads to an inflammatory response and scar 

formation which is transparent initially but pulls the new vessels from 

the retinal surface. Further contraction ultimately leads to subhyaloid 

(pre-retinal) or intra-gel hemorrhage and tractional retinal detachment in 

turn. Posterior hyaloid face is strongly adherent to the pars plana, the 

optic disc and the major retinal arcades. 

 When the vitreous detaches, subhyaloid blood, which is held 

between post hyaloid face and retinal surface, enters the vitreous cavity 

converting it into the vitreous hemorrhage. 
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 Repeated vitreous hemorrhage incites more gliosis, traction bands 

formation leading to retinal folds or traction retinal detachment which 

progresses slowly unless a hole is formed and a combined traction/ 

rhegmatogenous detachment occurs. The proliferating blood vessels 

occasionally autoinfarct but mostly the patients need photocoagulation or 

anti VEGF injections. 

 Signs of regression or inactivity are disappearance of retinal 

hemorrhages, resolution of IRMA and normalization of retinal venous 

changes. 

 As the new vessels regress, gliosis (scarring) may increase at the VR 

interface leading to posterior vitreous detachment (PVD). This may 

occur after pan-retinal photocoagulation or after injection of an anti-

VEGF agent, mostly as a late complication. 

 

 
 

Fig. 1:  Microaneurysms, haemorrhages, cotton wool spots, IRMA. 
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Fig. 2:  Advanced NPDR with maculopathy. 

 

 
 

Fig. 3:   NPDR with maculopathy 
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Fig. 4:  Severe maculopathy. Blot hemorrhages are seen. 

 

 
 

Fig. 5:  PDR. NVD & NVE. Blot hemorrhages are seen. 
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Fig. 6:  Advanced complicated PDR. 
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Section 2 

 
Screening for Diabetic Retinopathy 

 
The definition of screening that was adapted by the WHO in 1968 was 

„the presumptive identification of unrecognized disease or defect by the 

application of tests 20, examinations or other procedures which can be 

applied rapidly. Screening tests sort out apparently well persons who 

probably have a disease from those who do not. A screening test is not 

intended to be diagnostic. It is important to recognize that screening acts 

as a sieve and, as with all screening programs, not every case of sight 

threatening retinopathy will be detected with the screening test used. 

(Refer to section 7 for quick labeling guide of levels of DR at primary 

health /optician level). 

 The role of the ophthalmologist is pivotal in screening program and 

management of patients and is responsible
20

. 

 to lead the delivery of the screening program in collaboration with 

the treating diabetologists 

 to get help of local management concerned with health system: 

 to maintain quality assurance. 

 to ensure the grooming and training of the staff 

 to ensure the patients easy access to screening program and treatment 

through an efficient and effective referral system. 

 to organize the collection and maintenance of data for record and 

research purpose. 

 to maintain an efficient system of follow-up. 

In certain areas, there may not be enough ophthalmologists for 

screening of all the known diabetics, especially where it is desired 

to create screening facilities in close reach of the patients or easily 

accessible to them. In such situations, trained optometrists should 

be involved who can use simple tools like ophthalmoscopes to do 

the primary screening.  

An awareness program should also be designed and carried out to 

educate the people about the disease and its complications by 

dissociating the information through social media and reading 

material etc. 
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A. Screening of Cases with Type I DM (IDDM) 

It is rare to find significant DR within 5 years of diagnosis of 

IDDM. In children, although minimal DR may be seen but 

significant and PDR does not occur in pre-pubertal children 

irrespective of the duration of the disease. 
 It is known that serum VEGF concentrations are increased in pre-

pubertal and pubertal children with diabetes, as in adults, leading to 

increased chances of microvascular complications
21

. So the children with 

IDDM need to be screened only when they reach puberty
22

 and is 

recommended that diabetic children and adolescents should be under the 

care of a multidisciplinary team experienced in managing the different 

aspects of DM. This includes check on blood pressure and BMI and 

advice regarding diet, smoking and pregnancy. Children and adolescents 

with T1DM should undergo dilated fundus photography annually from 

age 12 years, while children and adolescents with T2DM should undergo 

dilated fundus photography annually from the time of diagnosis .Those 

being diagnosed having IDDM at the time of puberty and young adults 

should be screened within 5 years of the diagnosis of diabetes mellitus. 

Prevalence of DR at adolescence has been estimated as: 

10-13 years 1% 

14-15 years 5.8% 

16-18 years 17.7% 

 There are various recommendations in the literature regarding the 

age at which screening for DR should commence. Adopted from ICO 

guidelines, these have been briefly narrated as under: 

a. American Academy of Ophthalmology 23: Annual screening to start 

5 years after onset of diabetes. 

b. American Diabetic Association
24

: Screening to commence 3-5 years 

after diagnosis, and once the patient is 10 years old. 

c. American Academy of Pediatrics
20

: Initial examination at 3-5 years 

after diagnosis if over age 9, and annually thereafter. 

d. American Association for Pediatric Ophthalmology and 

Strabismus
25

: For Type II DM in children there are no separate 

guidelines. 

 

B. Screening of Cases with Type II DM (NIDDM) 

While considering Type II or NIDDM, a high proportion of patients have 

significant DR at the time of diagnosis. Therefore all the patients with 
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NIDDM need to be screened for DR at the time of diagnosis or within 

three months of diagnosis to avoid unnecessary visual loss 26. 

 
C. Screening of Pregnant women 

a. The first screening for DR in pregnant women with pre-existing DM 

to be done at first antenatal appointment and to be repeated if any 

DR detected at 16-20 weeks, otherwise next retinal examination is 

done at 28 weeks. 

b. Women with pre-proliferative DR during pregnancy to be followed 

up for at least six months after child birth. 

c. Only Tropicamide 1% to be used for mydriasis. 

d. DR is not a contraindication to vaginal birth. 

 
D. Screening of patients with learning disabilities 

The Royal College of Ophthalmologists has made the following 

recommendations for people with learning disability (PWLD). 

a. General Practitioners should be encouraged not to exclude PWLD 

from diabetic eye screening. The screening procedure should be 

tuned to the convenience of such people. 

b. The patients should preferably be dilated at home to reduce the 

waiting time at clinic
27

. 

c. Proper consent to be sought for all the procedures during 

management but this should not be a barrier to screening or 

treatment. 

d. It should be tried to convey the management plan to the patient in an 

easily understandable way. 

 
Record Keeping & Documentation of Stages of DR 

through Imaging 

i. Colour Fundus Photography (CFP) 

This technique is vital for documentation of diabetic retinopathy and is 

most efficient for retinal screening (Fig.7). This is best for white lesions 

like cotton wool spots and exudates. Other lesions are better documented 

through red free (RF) images 20. 
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ii. Fluorescein angiography (FA) 

The role of FA is waning as better OCT techniques are developing but it 

is still very useful to detect subtle new vessel formation particularly in 

macular region to guide laser application. 

 Evidence of leakage from new vessels on FA at disc or elsewhere 

can be „minimal‟ in early stages and decision for pan-retinal laser is 

decided on the basis of extent of capillary drop out area. 

 Leakage in macular area can be „focal‟, diffuse‟ (intermediate) or 

„mixed‟ with additional element of ischemia. 

 Macular ischemia, seen as a discrete zone of capillary drop out area, 

may be „central‟ involving foveal avascular zone (FAZ) appearing as 

enlarged FAZ or „peripheral‟ (temporal arcade watershed zone or extra-

foveal area). Visual prognosis is poor and laser is ineffective when 

„perifoveal‟ vessels of FAZ are affected. 

 Incidentally, FA remains the most appropriate modality to 

distinguish a non-leaking from a leaking microaneurysm (MA), identify 

clearly the presence of IRMA, and mark areas of capillary nonperfusion 

and widening of the foveal avascular zone (FAZ) in the macular retina. 

This helps in locating the areas to be eventually treated by laser
28

. 

 Peripheral retinal ischaemia may not always be detectable clinically 

in the absence of other markers. FA, especially ultra wide field (UWF) 

retinal FA (Fig. 8, 9, 10) plays a vital role in detecting ischaemic changes 

in this situation. It also points potential areas of retreatment for persistent 

new vessel formation and enables to identify the patients who need close 

supervision. 
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Fig. 7: Ultra Wide Field (UWF) colour image of NPDR with peripheral 

changes. 

 
 UWF color imaging and UWF fluorescein angiography (FA) can 

reveal more pathology than conventional field imaging; i.e. peripheral 

microaneurysms, neovascularization, vascular nonperfusion, and 

vascular leakage. This can detect early signs that might otherwise be 

missed pointing to greater disease severity
29,30,31

. 
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Fig. 8:  UWF FA Showing peripheral vascular changes in early DR. 

 

 
 

Fig. 9:  UWF FA Showing PDR with extensive peripheral non perfusion. 
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Fig. 10: Colour UWF FA showing previous PRP with new 

neovascularization. 

 
Optical Coherence Tomography (OCT) 

Currently, OCT, being fast and non-invasive, is the most frequently used 

diagnostic imaging tool in ophthalmology. The recent, third-generation 

OCT technology, uses a swept-source (SS) light source that allows more 

penetration, looking into choroidal vessels, and very fast imaging 

provides three dimensional raster images of high microstructural 

resolution (optical histology)
20

. OCTA is based on a motion contrast 

technique, assuming that in a static eye, the only moving aspect is 

vascular flow. Successive OCT B-scans are taken at the same location 

and differences between these scans are analyzed and used to generate 

the OCTA image
32

. Second-generation OCT, SDOCT is slower than SS-

OCT. All OCT generations are able to assess central retinal thickness 

(CRT) values, subretinal fluid (SRF), intraretinal cystoid fluid (IRC), 

disruption or thickness changes of retinal layers i.e. disorganization of 

the retinal inner layers [DRIL]; and the status of the vitreomacular 

interface. It can also visualize the destructive response of the retina with 

laser application. 
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OCTA. Microaneurysms appear hyperreflective vascular lesions 

surrounded by area of nonperfusion. 
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OCTA (Upper). PDR. Blue arrow. Structural B Scan (Lower) points to 

blood flow above ILM 
33

. 

 

 OCT is exceptionally vital in the identification of macular edema and 

is particularly suited to determine whether retinal fluid is involving the 

center or not, however, it cannot identify the source of leakage, nor the 

degree of capillary drop out present. Standard spectral-domain OCT (SD-

OCT) cannot identify foveal ischemia and widening of the FAZ which 

are important prognostic 25 indicators of outcome. However, OCT-A has 
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the potential to focus on different retinal layers in depths and highlight 

alterations at the level of the deep capillary plexus as a primary event in 

DR. 

 It thus helps to select those patients who are best suited for 

intravitreal injection therapy (center involving) or those for laser 

(extrafoveal). FA might still be needed in some cases to guide treatment, 

for example in cases of juxta foveal leakage and retinal thickening. A 

micro-aneurysm is often undetectable in the flow-based OCT-A. To date, 

FA allows a more comprehensive assessment of the extent of the 

structural damage to the macular microcirculation before initiation of 

treatment and therefore better monitoring of results of treatment. On the 

contrary OCT-A depicts perfusion instead of structural vascular features. 

There is an ongoing work on the improvement of OCT-A technology in 

terms of hardware like swept source, longer wavelength, and software 

like improved algorithms for slow flow detection and elimination of 

projection artifacts. Contrarily, it has also been reported that areas of 

DME acts like a flow voids and these on OCTA appear frequently larger 

than the cystoid spaces themselves (Fig. 11) giving an inaccurate 

impression as seen in figure below
34

. 
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Fig. 11: En face OCTA (upper) Diabetic macular edema. OCTA B- 

Scan (lower) Structural image shows severe edema. 

 
 OCT is very effective in detection of hemorrhage, exudate and 

photoreceptor atrophy which can be supplemented by colour 

photography. OCT effectively assesses vitreoretinal interface at macula 

in differentiating Vitreoretinal attachment from vitreoretinal traction, 

such as vitreomacular traction (VMT). 

 Retinal thickening can occur due to VMT, excess glial tissue in the 

nerve fiber layer, intra-retinal edema/cysts and sub-retinal fluid. 
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Thickening of the nerve fiber layer occurs early but does not affect 

vision. Intra-retinal edema/cysts in the absence of retinal thickening 

occur more frequently than previously thought. OCT depicts the 

consequence of prolonged edema on the retinal structure in the form of 

large cysts with thin intervening pillars, ruptured cysts and pseudo holes. 

However OCT changes do not always commensurate with the effect of 

edema on visual function. 

 Although, FA has already established enlargement of the foveal 

avascular zone (FAZ) in patients with DR as well as further enlargement 

with progression of DR. OCTA has further confirmed these findings 35. 

Quantitative FAZ metrics on OCTA have been devised to demonstrate 

these trends, like FAZ area, acircularity index, axis ratio, area, and 

perimeter 36 (Fig.12). Both acircularity index and axis ratio are found to 

be significantly greater in eyes with DR
37

. 

 

 
 

Fig. 12:  Calculation of FAZ and FAZ perimeter. 

 
 Advances in OCT like Doppler-OCT and OCT-A allow the 

visualization of vascular structures and can differentiate between 

perfusion and non-perfusion. Nevertheless, these advances are still 

lacking the ability of visualizing vascular leakage. 
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 The gold standard in diagnosing DME still remains FA. It can detect 

different hallmarks of DR like MAs, PDR, ischemic areas and especially 

DME due to vascular leakage. OCT can be used for screening, 

classification, monitoring, and treatment evaluation of DME. It has the 

ability to provide information on CRT as well as distinct morphological 

features of the edema. Additionally, it can show persistent morphological 

changes after DME treatment. It is recommended that for proper 

diagnosis and monitoring of DME, FA should be done along with OCT 

and continued fundus biomicroscopy. OCT in combination with visual 

acuity measurements can be used to monitor recurrence. The 

disorganization or disruption of the inner retinal layers, disruption of the 

inner and outer photoreceptor segments and/or ELM, and a thin 

subfoveal choroid at baseline may predict bad visual acuity after therapy. 

It is recommended to monitor disease activity through monthly OCT in 

order to detect any morphological change at the earliest. 

 

Fundus Autofluorescence (FAF) 

FAF is a noninvasive modality. Short-wavelength FAF derives its signal 

mainly from lipofuscin in the retinal pigment epithelial (RPE) while 

near-infrared (NIR) FAF derives its signal from melanin, found both in 

RPE and choroid. Melanin is mostly present in the apical parts of the 

RPE cells and is thought to be protective of the RPE
38

. 

 Mostly short-wavelength FAF is employed and increased 

autofluorescence is seen in patients with DME
39,40,41,42

. Other patterns of 

FAF are seen, such as a single or multiple cysts of increased 

autofluorescence
39

, single-spot increased FAF and multi-spot increased 

FAF
43

 (Fig. 13). 

 FAF represents the metabolic activity of the retinal pigment 

epithelium. Through FAF the visual potential of patients may be 

predicted indirectly by assessing the status of the retinal pigment 

epithelium and the health of the adjacent photoreceptors. Previous laser 

photocoagulation treatment marks which are not clinically evident can be 

easily detected with FAF, helping in guiding any re treatment. 
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Fig. 13: FAF. Areas of hyper and hyper-reflectivity in macular edema. 

Multiple areas of hyperreflectivity at fovea corresponds to 

intra-retinal cysts. 
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Section 3 

 
Treatment Modalities 

 
Retinal Lasers 

Despite the current wide use of anti-VEGF agents, laser 

photocoagulation still enjoys its substantial role in the treatment of DR. 

Laser energy is delivered to the retina through a dilated pupil using wide 

field lenses like Volk, Mainster or Rodenstock and slit lamp bio-

microscope. 

 Photocagulation is also done using an indirect ophthalmoscope 

where needed. These lenses give an inverted but good view of the 

macula, pre and post- equatorial retina. 

 Generally, laser treatment is done in a single or multiple sessions and 

both eyes can be treated in the same session. While treating macular area 

one should be careful if there are exudates lying close to fovea; as these 

can increase when edema is treated and may spill over to fovea leading 

to permanent effect on central vision. Pan retinal photocoagulation is 

done to ablate the non-perfused or ischemic retina. Re-treatment can be 

performed within one to three months if the response is inadequate. Laser 

can also be applied during vitrectomy through indirect ophthalmoscope 

or endolaser. 

 There are certain side effects of the laser treatment as well, such as: 

 

a) Pain 

It may be due to the direct heat effect on the branches of posterior ciliary 

nerves. It is usually experienced with prolonged treatment in one sitting 

or lasing the previously treated area during re treatment. Topical 

anesthesia is usually sufficient but periocular or even general anesthesia 

may be needed in certain cases when complete laser is to be done in a 

single sitting. Simple analgesics may be prescribed at the end of laser 

session. 

 

b) Vitreous Hemorrhage 

Laser therapy results in contraction / retraction of the new vessels which 

were pulled forward from the retinal surface and were adherent to the 

posterior vitreous face. These vessels may bleed during the dynamics of 
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regression leading to subhyaloid or vitreous hemorrhage. The patient 

should be informed of this occasional happening prior to treatment. 

 

c) Visual Functions 

After complete PRP the visual field is reduced by about 40-50% which 

can affect the driving ability of the patient. This effect can be reduced by 

limiting the burn size to around 200 microns. 

 Some loss in contrast sensitivity and ERG is also expected
44

. Fovea 

may also be damaged inadvertently leading to gross visual handicap. 

Photophobia is also reported. 

 

d) Choroidal Neovascularization (Secondary) 

If laser energy is too high, especially in macular area, retinal pigment 

epithelium and Bruch‟s membrane may be disrupted leading to 

chorioretinal neovascularization resulting in loss of central vision. Laser 

power must be reduced while moving from peripheral towards central 

retina while doing PRP. Similarly one should be conscious about the lens 

tilt as well. 

 

e) Macular edema 

Pan-retinal photocoagulation may also lead to development or worsening 

of macular edema which is usually transient. Patient must be warned of 

this expected happening after PRP. If there is preexisting macular edema, 

it should be treated prior to or along PRP
45-48

. 

 

f) Other side Effects: 

Pallor of the optic disc after PRP can be seen sometimes with disturbed 

pupillary reaction. 

 There may be, retinal detachment, pre and sub retinal fibrosis or 

increased vitreoretinal traction. 

 Choroidal effusion, shallow anterior chamber or angle closure and 

raised intraocular pressure may also occur. Iris discolouration and 

atrophic patches can be seen. 

Corneal burns have also been reported. 

 

Intravitreal VEGF Inhibitors 

It has been established that VEGF levels are raised in vitreoretina in
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patients with DR. Vascular permeability is increased by VEGF by 

increasing the phosphorylation of tight junction proteins, thus playing an 

important mediator in the breakdown of BRB
49

 leading to retinal 

thickening and macular edema. 

 

Pegaptanib 

Pegaptanib (Macugen) was the first anti VEGF agent used and found 

useful in the treatment of DME. It is specific to 165 isoform of VEGF A. 

It has been used in the doses of 0.3mg, 1mg and 3mg intravitreal. After 

initial trials, no further studies were pursued on this drug, so its use is no 

more in vogue. 

 

Ranibizumab 

Pharmacologically, Ranibizumab is a recombinant humanized Fab 

fragment of a monoclonal antibody. It has been prepared for intravitreal 

injection. It binds and inactivates all isoforms of VEGF-A. The approved 

dose in Europe is 0.5 mg per injection and 0.3 mg in the US. Treatment 

is initiated early with monthly intravitreal injections. If signs of 

improvement i.e. improvement in visual acuity, decrease in central 

retinal thickness (CRT) or other morphological markers of the disease 

are seen, monthly injections are continued until visual acuity and/or OCT 

indicate stability or the disease is inactive. Thereafter, patients are 

monitored at monthly interval for one year with visual acuity testing and 

OCT imaging. Thereafter the interval is tailored according to the patient 

response. If there is a stage when no further benefit is seen, the treatment 

must be stopped and monitoring interval is decided for each patient 

individually. 

 Several studies have proved its superior efficacy over laser 

treatment. Even when laser is used in combination, no additional benefits 

have been found on DME. It is found to be systemically also very safe on 

monthly administration without an increase in cardiovascular events. 

Studies are available on all three types of regimens; fixed monthly 

injections
50

, PRN (pro renata) regimen
51

 and „treat and extend‟ 

regimen. Monthly injections are feasible in the start of therapy for initial 

3-6 months. After this the number of injections need to be 

dropped
52,53,54,55

. The therapy may also be started with a PRN regimen 

with comparable improvement in BCVA
56

. Follow up visits and 

monitoring can be adjusted to the disease response. Usually monthly or 
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bimonthly monitoring is recommended. An alternative approach is the 

“treat and extend regimen.” This is suggestive of a flexible treatment 

regimen with extended intervals, bimonthly or so. This may be more 

viable and less burdensome strategy for most of the patients. 

 Generally, Ranibizumab is recommended for patients with a baseline 

BCVA letter score of 69 letters or above and CRT greater than 400ìm 

(preferably) on OCT. The use of ranibizumab in patients with poorer 

baseline visual acuity, the results are achieved at a slower rate as 

compared to Aflibercept. 

 Early laser treatment, where needed, combined with Ranibizumab 

shows better results as compared to deferred laser treatment. 

 

Bevacizumab 

Bevacizumab is a full-length, humanized, monoclonal antibody that 

attaches to all VEGF isoforms and inactivates them. This was basically 

developed to treat metastatic colon cancer by inhibiting the vessel growth 

in the tumor tissue
57

. Its intravitreal dose is 1.25 mg in 0.05 ml. 

Intravitreal half life of bevacizumab in human vitreous ranges from 3 to 

6.7 days
58

. Systemic plasma levels are significantly reduced at 4 weeks 

after a single bevacizumab injection
59,60

. The treatment regimens can be 

the same as those of Ranicizumab. 

 Comparing the efficacy and safety of bevacizumab, aflibercept, and 

ranibizumab in treatment of DME, the results depend upon baseline 

BCVA letter score. While aflibercept and ranibizumab are the drugs of 

choice for BCVA letter score of less than 69, all are equivalent in 

improving vision in eyes with a baseline BCVA letter score of 69 or 

more. Systemic adverse effects are minimal and Bevacizumab is much 

lower in cost as the injection vial can be shared among several patients. 

 

Aflibercept (VEGF-Trap-Eye) 

Aflibercept is a recombinant (soluble VEGF receptor fusion protein) 

decoy receptor type of inhibitor of VEGF and placental growth factor 

that binds to all isoforms of VEGF-A as well as placental growth factor 

and inactivates them. It has been shown to be better than laser as regards 

visual and anatomical outcome. It is the drug of choice in DME patients 

with baseline visual acuity letter score of 69 or worse and shows better 

results than Ranibizumab and Bevasizumab. Its results are comparable to 

other two agents in patients with BCVA letter score 69 or better. The 
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intravitreal dose per injection is 2.0 mg. The choice is open to the 

ophthalmologist‟s judgement; whether to adopt a course of loading 

injections at 4-weekly intervals followed by bimonthly injections or a 

PRN regimen with monthly monitoring. 

 Aflibercept offers a chance of visual improvement and fewer 

injections to the patients (from second year onward) with DME involving 

foveal center. It has a higher binding affinity compared to that of 

ranibizumab and bevacizumab and a longer duration of action
61,62

. This 

makes it suitable for treatment of DME, being a chronic problem. 

 

Steroids 

Recently, inflammation has been found to play a role in development of 

DME. Pathologically, leukocytes accumulate on the surface of retinal 

capillaries leading to the upregulation of intracellular adhesion molecule 

(ICAM)-1, attracting monocytes and neutrophils to the vascular 

endothelium. This leads to further leukostasis, vascular permeability, and 

BRB breakdown
63

. 

 Steroids do have a place in treating DME but largely as a second 

option. These can be considered as first choice treatment in patients who 

are at a very high risk of major cardiovascular accidents and anti VEGFs 

are being avoided in them or the cases that are refractory to anti-VEGF 

(after 3–6 injections generally). Compounds available for intravitreal use 

include, triamcinolone acetonide, dexamethasone posterior segment 

delivery system (0.7mg), and fluocinolone. 

 The downside is development of cataract in phakic eyes and raised 

intraocular pressure. 

 Pseudophakic patients are preferred for the use of steroids, otherwise 

patients are informed of this risk. IOP has to be monitored regularly. 

 

a) Triamcinolone Acetonide 

Triamcinolone acetonide, 1-4 mg intravitreal, has been recommended for 

the treatment of DME in patients who have been inadequately 

responding to other treatments. 

 

b) Dexamethasone 

Dexamethasone (0.7 mg) in the form of intravitreal implant releases the 

corticosteroid into the vitreous over a period of ¡Ü 6 months 20. 

Retreatment is recommended after 6 months and concurrent treatment of 
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both eyes is not recommended. This is especially suitable for 

pseudophakic eyes not responding to or unsuitable for other treatment. 

 

c) Fluocinolone Acetonide 

The approved dose for the fluocinolone acetonide is 0.19 mg. It is 

injected as a slow release product and provides sustained delivery in the 

eye for at least one year 64. So treatment may be repeated after one year 

while monitoring visual acuity and CRT. 

 

PKC  Inhibitors 

Protein Kinase C has also been considered responsible for increased 

vascular permeability in DME and PKC inhibitors have been found to 

reduce VEGF induced 65 vascular permeability. An experimental trial 

has shown 30% reduction in visual loss by use of an isoform, PKC  

(ruboxistarin) in DME 66. This product is not yet available for clinical 

use. 
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Section 4 

 
Current Recommendations 

 
General 

a) Counseling 

Patient education and counseling plays an important role in management 

of diabetic patients, in physicians‟ clinics as well as in the eye clinics. 

Patients with sight threatening retinopathy need additional counseling on 

its impact on vision as well as different treatment options. 

 Patients should be explained clearly and carefully about the risks and 

benefits of any intervention like laser photocoagulation and intravitreal 

drug delivery of different types. Emphasis must be laid on regular 

attendance for further intervention and continuous care. 

 Ophthalmologists are expected to address to the psychological needs 

of the patient as well. 

 
b) Consent 

Since the treatment is prolonged and needs constant monitoring and 

follow up, the patient must be well briefed and made aware of the whole 

treatment plan and prognosis. Patient should be educated about treatment 

modalities including lasers and anti-VEGF agents likely to be used. On 

the basis of this, a comprehensive informed consent is to be obtained 

from the patient before the start of the laser treatment. 

 
c) Anesthesia 

For PRP, topical anesthesia is usually sufficient. In certain cases 

peribulbar or even general anesthesia may be required (laser treatment 

done through indirect ophthalmoscope or endolaser in operating room) 

67. For intravitreal anti-VEGF injection, topical anesthesia is sufficient. 

 
d) Laser Delivery 

Laser photocoagulation in an outdoor procedure except in certain cases 

where it is delivered in the operating room. It should be performed only 

by a trained and experienced ophthalmologist. 
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e) Reducing Treatment Side Effects 

Impaired night vision and visual field defects which occur after PRP can 

be prevented by avoiding large confluent burns and using short pulse 

duration laser. Appropriate counselling is required as complete PRP can 

aggravate vitreoretinal traction and lead to vitreous hemorrhage. A 

demarcation line should be placed temporal to macula while applying 

laser temporally, using wide angle lens, to avoid accidental macular 

burn. 

 

f) When to Stop Laser Treatment 

Blunting or replacement of the advancing tips of NVs with fibrous tissue 

indicate regression. 

 Application of laser to peripheral retina is not necessary for 

successful control of vasoproliferation and in advanced cases new 

vessels may persist even after adequate treatment. New vessels which do 

not bleed or progress and have blunted advancing ends are thought to be 

stable and do not need further laser treatment. OCT or FFA might have 

to be repeated to look for the ischemic areas. 

 Cases that do not stabilize even after full treatment, may need 

vitrectomy and endo-laser. 

 

g) Administration of Intravitreal Anti-VEGF 

It has to be done under topical anesthesia and strict antiseptic conditions 

in operating room preferably or a special room dedicated for this 

purpose. Pre injection instillation of antibiotic drops and/or 0.5% 

Povidone-iodine solution in the conjunctival sac is recommended. This 

should be applied to the eyelids and eye lashes as well. A 30G or thinner, 

and preferably 18mm (5/6 inch) (ICO guidelines 2017) long needle to be 

used preferably to deliver the recommended dose into the vitreous. In 

case bilateral injection at the same time, injection for each eye should be 

considered as a separate procedure following full standard procedure. 

The surgeon should wear sterilized gloves and mask. After applying the 

eye speculum povidone iodine is applied as the last thing at the intended 

site just before injection. Injection is given between the horizontal and 

vertical recti at the pars plana, 3.5 to 4.0 mm posterior to the limbus in 

the quadrant suitable to patient‟s condition or surgeon‟s preference. A 

simple perpendicular injection approach is preferred in most settings. 

After injection an eye pad may be given for a short while if needed. A 

combination of antibiotic and corticosteroid in the form of eye drops may 
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be given for a few days. The patient may see a bubble or a big floater for 

a few hours or so. 

 

Recommendations for Management of Different Stages of 

DR 

a) Mild to Moderate Non-proliferative Retinopathy NPDR (Background 

Retinopathy) 

As such no treatment is indicated for this stage of DR 68. Annual 

monitoring with digital fundus photography would suffice. Two standard 

photographic fields can be used so that at least 80% of the sight 

threatening retinopathy can be monitored (the same is seen in 7 field 

stereo colour photographs of the same fundus) 69. The risk of 

progression of DR with uncontrolled DM 70 can be reduced by intensive 

blood sugar control in type 1 71 and by intensive blood pressure control 

along with blood sugar control in type 2 72. 

 

b) Pre-proliferative Diabetic Retinopathy (Severe Non-proliferative 

Diabetic Retinopathy) 

Patients with pre-proliferative DR or advanced NPDR, need more 

frequent monitoring tailored by an expert ophthalmologist who is 

experienced to detect features of retinal ischemia. Patients should be 

examined every 4-6 months. Wide angle retinal examination is preferred. 

Approximately 3.2% patients progress to proliferative stage within a 

year
73

. Digital colour fundus photography (CFP), Fluorescein angiogram 

(FA) and OCT/OCT-A should be employed to monitor fundus changes. 

 Development of choroidal neovascularization after laser, expected in 

advanced cases, can be ruled out using swept source OCT or Indocyanine 

green angiography (ICG). 

 As this advances further to proliferative stage, laser scatter treatment 

(PRP) should be considered to prevent progression to high risk PDR and 

avoid severe visual loss (SVL). This risk is 48.5% within one year which 

might lead to the need of vitrectomy
73

. Early complete PRP reduces the 

risk of progression to PDR by 50% and of VSL to 2.6% at 5 years
68

. 

 PRP treatment should be considered in the following cases of severe 

pre- proliferative DR: 

- Elderly patients with DM Type 2 

- Patients not compliant to regular follow up, or difficult to be 

examined repeatedly because of other reasons. 
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- Prior to cataract surgery. 

- Only eye, the other eye already lost because of PDR. 

 

c) Proliferative Diabetic Retinopathy (PDR) 

Full scatter PRP treatment is required for new vessels (NVD, NVE). It 

should be done as soon as possible within two weeks of diagnosing high 

risk PDR. Full scatter PRP means treating all four quadrants of pre- and 

post-equatorial retina outside the macular vascular arcades. Initially the 

treatment is given to the area outside vascular arcade up to just posterior 

to ora serrata, particularly addressing ischemic areas avoiding direct 

application to the new vessels (NV). The risk of SVL in patients with 

high risk characteristics is reduced by 50% at 2 and 5 years by PRP and 

by up to 70% in moderate risk patients 74. Anti VEGF treatment with 

Bevacizumab, Ranibizumab and Aflibercept in combination or without 

corticosteroid preparation (Triamcinolone) is in vogue now. 

 It has gained its popularity because of high effectivity, easy 

availability, low investment cost and less time required to administer. 

The down side aspects, mainly are: it is costly to the patient, has to be 

repeated as the effect is not permanent and risk of endophthalmitis. 

 

d) Advanced PDR 

In advanced cases of PDR where we see traction bands, traction retinal 

detachment, extensive hemorrhage and anterior segment involvement 

(NVI); anti-VEGF treatment and laser PRP may appear to have little 

effect on new vessel progression. In such cases early vitrectomy can 

preserve the useful sight and intravitreal injection of anti VEGF just prior 

to vitrectomy reduces intraoperative complications and operative time. 

 

Technical Guidelines on PRP 

a) Intensity, Pulse Duration and Spot Size 

With presently available laser (532nm argon-green laser), the spot size of 

300-500ìm, duration of 10-50ms and spacing of 1-1.5 burn apart and 

power setting of 50-100mW are recommended. It is aimed to have a 

barely-visible, grey/white burn reaction on retina while applying laser. 

The laser burn intensity at 20ms may continue to increase up to 1 minute 

after application, so lasing time is to be titrated with patience to avoid 

excessive burn. This titration is done easily outside the vascular arcade 

and then should be continually moderated throughout the session. With 



46 

20ms pulse, the power would need to be reduced to 50mW while treating 

the pre-equatorial thin retina to avoid unnecessary damage. 

 Smaller spot sizes like 200ìm /300ìm can lead to higher laser power/ 

laser fluence, risking rupture of Bruch‟s membrane at 20ms exposure 

time. This small spot may further shrink to less than100-150 µm after 

healing, resulting in need of further laser therapy. On the contrary, larger 

retinal spots, 500 µm or more will need increase in laser power and 

duration to produce the same effect, which may make the procedure 

uncomfortable for the patient. 

 Although, generally, 20ms exposure time and 400 µm  retinal spot 

size are preferable for PRP but these should be titrated for individual 

patients need, tolerance and laser reaction observed on the retina for a 

given power setting. This is true for both standard as well as pattern scan 

laser systems. 

 Different laser contact lenses have different spot magnification 

depending upon their make (Table 1), so this factor is to be considered 

while adjusting the spot size and power level
75,76

. For instance, if 200ìm 

spot size is selected, a Mainster 165 PRP lens (Ocular Instruments Inc.), 

with spot magnification factor of 1.96 will theoretically produce a retinal 

burn spot of 392 µm. Patient‟s refractive error affects the field of view of 

lens being used. 

 

Table 1:  Different Fundus Lenses and their magnification effects. 
 

Name of Lens 
Field of View 

(in degrees) 

Image 

Magnification 

Laser Spot 

Magnification 

Mainster focal/grid 90-121 0.96 X 1.05 

Mainster PRP 165 165-180 0.51 X 1.96 

Area Centralis 70-84 1.06 X 0.94 

Trans Equator 110-132 0.70 X 1.44 

Quadraspheric 120-144 0.51 X 1.97 

Superquad 160 160-165 0.50 X 2.00 

 

b) Burn Spacing 

For mild and moderate PDR, burns should be placed 1 burn width apart; 

but in severe cases of PDR, traction retinal detachment (TRD) and 
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vitreous hemorrhage, it should be reduced to 0.50 burn width apart to 

have a better therapeutic effect on wide ischemic area. 

 

c) Area to be Treated 

Laser burns should be applied as far as possible up to the ora serrata as 

peripheral retina is the main ischemic area. Usually 510–1280mm
2
 

(2600–6500, 500 µm conventional laser burns) of retinal surface area is 

to be ablated. 

 

Strategy for Primary PRP 

a) Early Proliferative Retinopathy 

When the new vessels are flat and the NV complexes (NVD/NVE) are 

less than 1/3rd of disc diameter (DD), primary PRP is done within two 

weeks of examination and 1200-1800 burns are applied. The patient is 

reviewed after 4 months. This is also true for non-pregnant female 

patients. 

 

b) Moderate PDR 

When NVD involve more than 1/3rd DD and the forward extending 

(leaving the retinal surface) new vessels extend beyond disc margin or 

NVE are seen in all the quadrants with forward extending complexes in 

any one quadrant, primary PRP is to be completed in two weeks in 

single. 

 

 
 

Fig. 14. 
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Fig. 15:  PRP through pattern scanning laser system. 

 

 
 

Fig. 16:  PRP. Laser Marks. 
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Fig. 17:  Recurrence of Proliferation after PRP. 

 

or divided sessions applying 2000-2500 burns (Fig.14,15,16). Incase 

shorter duration laser pulse (20ms) is selected, then number of burns are 

to be increased and all sessions to be completed in one month‟s time. 

 The patient is requested to attend the clinic for review in 3 months 

but after shorter interval if the diabetic control is poor this also serves to 

treat the recurrence of proliferation (Fig.17). This is also true for non-

pregnant female patients. 

 

c) Severe PDR 

Severe PDR is marked by extensive NVE in any quadrant, NVE with 

tractional retinal detachment, large forward NVD covering whole optic 

disc and NVD with tractional retinal detachment. These are high risk 

cases entailing continued hemorrhage and traction following laser 

therapy. Full PRP coverage of peripheral retina is needed. This means 

around 3000 burns over 2-3 sessions in 3-4 weeks. If shorter duration 
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(20ms) laser pulse is used more laser burns with treatment duration more 

than 4 weeks will be needed. 

 In the presence of retrohyaloid, inferior vitreous or subhyaloid 

hemorrhage associated with traction bands, laser should be applied to the 

retinal area with a clear view. The rest should be treated after the 

hemorrhage clears. If the vitreous hemorrhage is not clearing and PRP is 

delayed then vitrectomy and intravitreal anti-VEGF injection is to be 

considered. 

 

d) Pregnant Diabetics with PDR 

In pregnant patients PDR can progress rapidly, so a prompt laser is done 

and patient is reviewed after two weeks after completing PRP. There is 

no contraindication to normal vaginal delivery if PDR is adequately 

managed. The ophthalmologist has to be in close touch with other 

treating physicians of the patient. 

 

e) Type 1 Diabetics 

Patients with Type 1 DM of younger age group often have macular 

ischemia and are more prone to develop macular edema after PRP. The 

complete treatment should be divided in 3-4 sessions in 4 weeks time. 

 

f) Rubeosis Iridis (NVI) 

When it is alone and the media are clear, immediately full retinal 

photocoagulation is to be done. 

 When it is accompanied by neovascularization in the angle (NVA) 

without neovascular glaucoma (NVG), prompt PRP is to be done along 

with consideration for intravitreal injection of anti-VEGF 77. In the 

presence of NVG, additional measures as cycloablative laser, 

cyclocryotherapy, implantation of drainage tubes and trabeculectomy 

with use of anti-proliferative agents might have to be employed to save 

vision. 

 
Management of Diabetic Maculopathy 

a) Systemic Treatment 

Management of diabetic macular edema (DME) starts with control of 

blood sugar level along with systemic blood pressure and serum 

cholesterol level. Ophthalmologists must work in close coordination with 

physicians and diabetologists. 
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b) Laser Therapy 

Before the introduction of anti-VEGF agents, laser photocoagulation had 

been the mainstay of treatment for DME. It is still in vogue and very 

effective in expert hands. The following strategy is used: 

 Microaneurysms lying within 500 to 3000ìm of fovea and showing 

leakage are treated directly with 50ìm spot size and pulse duration of 

0.05-0.1s. The aim is to have a greyish reaction beneath the 

microaneurysm and not a total whitening (Fig. 18). Areas of retinal 

thickening are treated with grid pattern laser. 

 Grid pattern laser is performed from 500 to 3000ìm superiorly and 

inferiorly and to 3500 µm temporally from fovea (Fig. 19). The spots are 

kept 2 burn widths apart. No treatment is applied to area within 500ìm of 

the disc margin. 

 A milder pattern of macular grid laser consists of a total of 200-300, 

50 µm burns, 2-3 burn width apart including unthickened retina 

regardless of site of microaneurysms. 

 Lately developed subthreshold micropulse laser theoretically avoids 

damaging the inner layers of retina, reducing chances of developing large 

post treatment scars and paracentral scotomas. 

 Photocoagulation reduces the risk of severe visual loss, and has a 

long term effect but currently the use of intravitreal anti-VEGF agents 

with early or delayed focal laser photocoagulation is the most followed 

regime in preserving and restoring vision in edema involving the center 

of macula, where visual acuity is reduced to 20/32 (6/10) or less. 
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Fig. 18:  Focal Laser Application. 

 

 
 

Fig. 19:  Fresh grid Laser Application. 
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Fig. 20: Fresh grid laser application through a pattern scanning laser 

system. 

 

c) Intravitreal Corticosteroids 

Processes leading the Pathogenesis of DME, include increased levels of 

factors (like VEGF) that lead to vascular permeability, loss of endothelial 

tight junction proteins, and formation of 44 inflammatory mediators. 

Corticosteroids can effectively block these events so they are thought to 

have role in the treatment of DME. 

 Use of 4 mg preservative free intravitreal Triamcinolone with 

modified laser therapy has been found to have improved visual acuity at 

4 months. As a monotherapy, it is inferior to laser and combined with 

laser, still inferior to intravitreal anti VEGF with immediate or delayed 

laser, except in pseudophakic patients. Slow release fluocinolone 

intravitreal implants have been found to be more effective, but there is a 

high rate of developing increased intraocular pressure and cataract. These 

are better suited for pseudophakic patients. 

 

d) Laser Treatment of Maculopathy in the Presence of Retinal 

Neovascularization 

Diabetic maculopathy may exist with or without NVD or NVE. If these 

co-exist then which one to address first, depends on several factors as 

severity of retinopathy and age of the patient. This question arises when 

we are treating with laser alone or in combination. In young patients it is 

better to treat the new vessels first with PRP as these are more aggressive 

in young age. 

 Concurrently macular laser may be done if deemed appropriate. 

Especially, peripheral retina should be treated as it has been found that 

peripheral retinal ischemia has important role leading to DME. PRP 

should preferably be fractioned in several session to avoid aggravation of 
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macular edema. With the introduction of pattern scanning laser 

systems, the laser treatment has become more target specific (Fig. 20) 

and spillover laser effects can be better avoided
78

. In lower risk PDR 

cases, it is better to treat macula first or concurrently. 

 

e) Cataract Surgery in Presence of DME 

Fine and uncomplicated phacoemulsification surgery has reduced the risk 

of post operation aggravation of DR and DME
79

, but pre-existing 

macular edema, severity of DR and diabetes mellitus do increase the risk 

of post-operation development or aggravation of macular edema. 

 Ideally, macular edema should be fully treated before cataract 

surgery but in reality, some edema may persist despite all efforts (anti-

VEGF, Laser) and cataract surgery may exacerbate it due to 

inflammation caused by surgery. Intravitreal triamcinolone has been 

proposed to be used at completion of surgery. Intravitreal anti VEGF 

injection may be given at the end of surgery depending upon the 

judgment of the surgeon. Patient should be informed of this risk and 

close monitoring after surgery is advisable. 

 Progression of DR has been seen in up to 20% of patients within 

twelve months following cataract surgery
80

. It is prudent to treat PDR 

with anti VEGF injection or laser PRP where possible if fundus view is 

adequate, around two weeks prior to surgery. If the fundus view is not 

adequate, laser may be applied just after conclusion of cataract surgery 

through indirect device. These patients are closely followed up after 

surgery to monitor for macular changes. Cystoid macular edema (CME) 

is also seen more frequently in diabetics after cataract surgery
81

. 

 CME responds favorably to periocular or intraocular corticosteroids 

in addition to pre-operation topical nonsteroidal anti-inflammatory 

agents
82,83

. 

 

f) Recommendations for Treatment of Maculopathy with Clinically 

Significant Macular Edema 

Management of diabetic maculopathy depends on the location and extent 

of macular thickening. All indicated treatment modalities should be 

discussed with the patient so that they consider in the light of their 

individual circumstances and the treatment may then be tailored 

accordingly. 

 Intravitreal injection should only be administered by an 

ophthalmologist experienced in this procedure. Treatment of clinically 
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significant macular edema (CSME) may be done according to the 

following protocol. 

 

CSME 
Centre 

Involving 

Visual 

Acuity 

Phakic/ 

Pseudophakic 

OCT 

Finding 

Treatment 

Options 

Yes No Normal Either Off center 
Thickening 

AntiVEGF/ 
Photocoagulation 

Yes Yes Normal 
or 
slightly 
reduced 
(better 
than 78 
letters) 
>6/10 

Either Off center 
/Mild 
central 
thickening 

Anti VEGF 
according to the 

standard 
protocol. 

Low intensity 
grid laser 

Yes Yes Reduced 
(78-24 
letters) 
6/10-
6/90 

Phakic ≥ 250µm 
central 
subfield 
thickness 

Intravitreal anti-
VEGF treatment 
with or without 
laser. If the eyes 
are unresponsive 
to other 
treatments, 
intravitreal 
corticosteroid to 
be considered, 
bearing in mind 
the untoward 
effects. 

Yes Yes Reduced. 
(78-24 
letters) 
6/10-
6/90 

Pseudophakic ≥ 250µm 
central 
subfield 
thickness 

Intravitreal anti-
VEGF or 
intravitreal 
triamcinolone 
(preservative – 
free) with or 
without laser. If 
the eye is not 
responding then 
intravitreal 
dexamethasone 
or fluocinolone 
slow release 
implant may to 
be considered 
depending upon 
availability. 

Yes Yes < 24 Either VMT Vitrectomy with 
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letters 
6/90 

intravitreal anti-
VEGF (with or 
without 
corticosteroid 
depending upon 
surgeon‟s 
judgement). 

 

g) Suggested Treatment Regime with Anti VEGF 

Patients with center-involving macular edema and reduced vision will 

benefit most from intravitreal anti-VEGF. Start with monthly injections 

for 4-6 months, then follow treat & extend (preferable) or pro re nata 

(PRN) schedule with continuous follow up with OCT scan and visual 

acuity assessment and treatment during 1st year until the macula is dry or 

no further improvement is seen. If the patient becomes stable then in the 

2nd year onwards, the follow up gap may be increased to 12-16 weeks 

unless there is some recurrence indicating frequent follow up again. 

 Patients with poor visual acuity (below 24 letters- 6/90) may be 

observed particularly if the macular edema is chronic and there is 

considerable macular ischemia unless the ophthalmologist expects some 

benefit of some intervention. 
 

h) Laser Treatment for Maculopathy 

Macular laser is reserved mostly for the patients who are unwilling for 

intravitreal injections. 

 Patients with clinically significant macular edema (CSME), not 

involving the center may be treated with laser photocoagulation. 
 

i) Monitoring and Follow-up Schedule 

Patients undergoing anti VEGF therapy require monthly follow-up for at 

least one year while patients undergoing macular laser need follow-up 

every three to four months unless there is an indication for more frequent 

visits. 

 Regular monitoring of intraocular pressure is required for patients 

undergoing intravitreal steroid therapy. 

 Patients with early maculopathy without any CSME and early non 

proliferative DR (NPDR) may be followed up and monitored through 

colour fundus photographs (CFP) and OCT scans, at 4-6 monthly 

intervals. 
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Section 5 

 
Establishment of Diabetic Care Service 

 
Expected Features of a Diabetic Care Service 

A diabetic eye care services should have: 

1. Qualified and well trained ophthalmologists who can perform 

cataract surgery if needed and treat DR and DME with different 

available treatment modalities. 

2. An adequate trained work force including paramedical and other 

staff to cater for all the needs of the service. 

3. Adequate and purpose built building to cater for patients reception, 

registration, screening and adequate management. 

4. An appropriate and sustained source of funding. 

5. A process for screening for diabetic eye disease including pregnant 

women DM and gestational diabetes. 

6. An on-line consultancy service should be available to engage 

experienced ophthalmologists in the country and abroad. 

7. An efficient/smart record/data keeping system for recall and follow 

up of the patients. 

8. All the relevant/modern diagnostic and treatment facilities including 

all the machines and appropriate space. 

9. Facility to regularly monitor those who are already getting treatment. 

10. A facility to address special people and those with psychosocial 

problems. 

11. Provide education and information to the patient and family/ 

caretaker about the disease and all its implications. 

12. A well developed network with other hospitals, voluntary social 

services and charity organizations to cover all the patients belonging 

to different strata and segments of the society. 

13. An adequate, efficient and honest governance. 
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Section 6 

 
Quick Guide 

 
1. Intravitreal Injections: 

 Ranibizumab 0.3-0.5 mg /0.05ml 

 Bevacizumab 1.25 mg/ 0.05ml 

 Aflibercept 2.0 mg / 0.05ml 

 Triamcinolone acetonide 1-4 mg / 0.05 ml 

 Dexamethasone 0.7 mg 

  (Posterior segment delivery system) 

 Fluocinolone 0.19 mg 

 

2. Laser:
84

 

532nm Argon-Green: 

PRP: Spot size: 200-500ìm, duration 10-100ms 

 (0.01-0.1sec), spacing 1-1.5 burn apart. 

 Power: Adjust power to produce a gentle 

 blanching burn. 

 Area to be lased: 510–1280mm2 (usually 2000–

3000 laser burns) 

 Temporal barrier to be placed at least 2-3DD 

temporal to fovea. 

 If patient feels pain, reduce duration (0.05 sec) 

but increase the power to maintain burn 

intensity. 

 Review after three weeks for fill in burns 

according to the response. 

Macular Focal Laser: Spot size: 50-200ìm, duration 80-100ms 

 (0.08-0.1sec). 

 Power: Adjust power to produce a blanching burn. 

 Apply to leaking MAs 500-3000ìm from center 

of fovea. Lesions as close as 300ìm from center 

may be lased provided these are not inside FAZ. 

 Macular Grid laser: Spot size: 50-200ìm, 

duration 80-100ms (0.08-0.1 sec), spacing 1-1.5 
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burn apart. At least 500ìm from foveal center 

and the disc. 

 Power: Adjust power to produce a gentle 

blanching burn. 

 

3. Follow up and Treatment Schedule by an 

Ophthalmologist 
 

DR Severity Follow-up Schedule Treatment Plan 

No apparent DR 1-2 years  

Mild NPDR 1-2 years  

Moderate NPDR 6-12 months  

Severe NPDR < 3 month Consider early PRP 

PDR < 1 month 
Consider PRP/Anti-

VEGF 

Stable PDR (Treated) 6-12 months  

DME Severity Follow-up Schedule  

Non center involving DME 3-6 months 
Focal laser may be 

considered 

Center involving DME 1-3 months 
Focal/Grid, Anti-

VEGF, Steroids 

DME with PDR < 1 month Anti-VEGF +/- PRP 

Stable DME 3-6 months  

Vitreomacular traction 

(VMT) 
 

Pars plana vitrectomy 

(PPV) 

 

4. Management of Risk Factors; the Ideal Targets 

Optimal control of blood sugar levels, hypertension and serum lipids is 

vital for the prevention and progression of diabetic retinopathy. Treating 

physician / diabetologist should be consulted in this regard. Suggested 

target ranges are: 

 

HbA1c 

< 6.5% is the ideal 
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< 7.0 or < 8.0 may be acceptable 

 

Blood Pressure (BP) 

Patients with diabetic retinopathy should have a target BP of 130/80. 

 In the presence of nephropathy (even microalbuminuria) this should 

be lower. 

 

Lipids 

Desired lipid values 

TC < 5.0 mmol/l 

LDL-c < 3.0 mmol/l 

TG < 2.3 

It is recommended that statins to be started in: 

Patients with diabetes aged 40 or over 

Patients with diabetic retinopathy aged 19 or over 
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Section 7 

 
Quick Labelling Guide for Screening & 

Action/Referral 
 

(Primary Health Care Centers / Qualified Opticians)
85,86

 
 

Retinopathy 
 

Label Retinopathy Level Action 

R0 No retinopathy 
Annual screening at primary care 

center 

R1 
Background / early NPDR 

(Fig.21) 

Annual screening at primary care 

center 

R2 
Preproliferative/ moderate 

to late NPDR (Fig.22) 

Referral to the ophthalmologist. 

To be seen within 3 months (13 

weeks) 

R3A 
Active Proliferative DR 

(Fig. 23) 

Referral to the ophthalmologist. 

To be seen within 2 weeks 

R3S 
Stable treated Proliferative 

DR (Fig. 24) 

Referral to the ophthalmologist. 

To be seen within 13 weeks 

 

Maculopathy 
 

Label Maculopathy Level Action 

M1 a) exudate within 1 disc diameter 

(DD) of the center of the fovea 

(Fig. 25). 

b) circinate or group of exudates 

within the macula (Fig. 26). 

c) any microaneurysm or 

hemorrhage within 1 DD of the 

center of the fovea only if 

associated with a best VA of +0.3 

logMAR (6/12) or worse 

Referral to ophthalmology 

clinic for expert advice 

within 2 weeks 
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M0 No lesion within 1DD (disc diameter) 

or 

VA better than 0.3LogMAR with no 

exudates within 1dd (i.e. does not 

meet any of the categories of M1) 

Annual screening at 

primary care center 

 

 

 
 

Fig. 21:  R1, M0. 
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Fig. 22:  R2, M0. 

 

 
 

Fig. 23:  R3A, M1. 
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Fig. 24:  R3S, M0, P1. 

 

 
 

Fig. 25:  M1, Exudates within 1DD. 
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Fig. 26:  M1, Exudates away from fovea but greater than 0.5 DD. 
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