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Diabetic macular edema  (DME) is a common cause of moderate visual impairment among people with 
diabetes. Due to the rising number of people with diabetes in India, the absolute numbers of people with 
DME are significant. There are several treatment options for DME, and the choice of treatment is based on 
the availability of retinal specialists and infrastructure for the delivery of treatment. A major challenge is the 
out‑of‑pocket expenditure incurred by patients as most treatment options are costly. Treatment also varies 
based on the associated ocular and systemic conditions. The All India Ophthalmology Society  (AIOS) and 
the Vitreo‑Retinal Society of India (VRSI) have developed this consensus statement of the AIOS DR task force 
and VRSI on practice points of DME management in India. The objective is to describe the preferred practice 
patterns for the management of DME considering the different presentations of DME in different clinical 
scenarios.
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Diabetic retinopathy  (DR) is the most common ocular 
complication of type 1 (TIDM) and type 2 diabetes (T2DM).[1] 
Diabetic macular edema (DME) can coexist with any severity 
level of DR and is a cause of moderate visual impairment in 
people with diabetes.[1] Multiple biological pathways triggered 
by hyperglycemia can alter the blood–retinal barrier and cause 
DME. Vascular endothelial growth factor (VEGF) plays a key 
role in the alteration of the blood–retinal barrier.[2] In addition, 
inflammatory and tractional elements may complicate the 
pathogenesis of DME. In addition to clinical examination 
and fundus fluorescein angiography (FFA), optical coherence 
tomography (OCT) has become an important diagnostic tool 
in the diagnosis and management of DME.

A large variety of therapeutic strategies are now available 
to manage DME: macular laser photocoagulation, intravitreal 

pharmacotherapy  (anti‑VEGF and steroids), and surgical 
intervention. Diverse approaches may be required to treat DME 
depending on the location, type, and associated morbidities 
and complications. This set of guidelines was developed to 
standardize the treatment options to avoid variations in the 
management of DME. A consensus from a Delphi survey and 
evidence base from randomized controlled trials were used 
to inform best practices in India.[3] Considerations were given 
to out‑of‑pocket expenses incurred for the treatment and the 
compliance required for optimal treatment benefit. This review 
discusses the management of DME in different situations 
such as noncenter‑involving macular edema  (NCI‑DME), 
center‑involving macular edema  (CI‑DME), DME with 
other associated ocular problems, and DME with systemic 
comorbidities.

Evaluation of a patient with DME
A detailed ophthalmic examination should include the 
following information:
A.	Ocular and systemic history
B.	 Visual acuity (LogMAR or ETDRS chart) for distance and 

near vision
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C.	Fundus  examina t ion   (wi th  90D/78D/ Ind i rec t 
Ophthalmoscopy)

D.	Color fundus photography  (posterior pole and 4‑field or 
wide‑field)

E.	 Fundus fluorescein angiography (FFA) at baseline to provide 
the overall and macular capillary nonperfusion (CNP)

F.	 Optical coherence tomography (OCT)
G.	O p t i o n a l  ‑    O p t i c a l  c o h e r e n c e  t o m o g r a p h y 

angiography  (OCTA) may be done to rule out macular 
ischemia.

Ocular and systemic history
The duration of diabetes, control of hypertension, 
hyperglycemia, and hyperlipidemia should be recorded.[4,5] 
Anemia and renal disease are other factors associated with 
DME. Detailed drug history is essential as drugs such as 
thiazolidinediones, tamoxifen, taxanes, niacin, interferons, 
and prostaglandin analogs can cause macular edema. 
Discontinuing these drugs may be useful if permitted by 
the physician. History of recent surgical procedures should 
be kept in mind to rule out pseudophakic cystoid macular 
edema. A detailed history regarding systemic comorbidities 
should be taken as these alter the course of the disease and 
treatment response.

Visual acuity
To assess disease progression and treatment response, 
best‑corrected visual acuity (BCVA) must be done, preferably 
using a LogMAR or Early Treatment for Diabetic Retinopathy 
Study  (ETDRS) chart. Baseline BCVA provides the starting 
visual acuity (VA) of a patient, and it is important to assess 
whether BCVA correlates with the DR and DME status. Other 
causes of impaired VA should be considered, with refractive 
errors and cataract being common causes. (Please see ocular 
comorbidities for more details.)

Fundus examination
Diagnosis of DME can be assessed by means of fundus 
biomicroscopy following pupil dilation.[6] A thorough 
stereoscopic slit‑lamp biomicroscopic examination of the 
posterior pole  (with  +90D or  +78D lens) should suffice to 
detect thickening of the macula in a patient with diabetes. 
On slit‑lamp biomicroscopy, DME is defined as the presence 
of any retinal thickening within 2 disc diameters of the 
center of the macula. Based on the ETDRS, DME is further 
classified in an attempt to identify DME that would benefit 
from macular laser photocoagulation.[6] Macular laser 
photocoagulation is done in eyes with clinically significant 
macular edema (CSME). Fig. 1 shows the definitions of stages 
of DR, CSME, and OCT classification of DME as CI‑DME 
and NCI‑DME.

It is recommended to have a slit lamp evaluation, 
intraocular pressure check, and assessment of pupillary 
response by a trained person before dilatation of pupil for 
fundus examination. The first step is to characterize the stage 
of DR.

Color fundus photography
The clinical examination is preferably documented by either 
a posterior pole and 4‑field fundus photography or widefield 
photography. Severity of DR should be graded according to the 
International Classification of Severity of Diabetic Retinopathy. 

Eyes with proliferative diabetic retinopathy (PDR) are more 
prone to DME.

Fundus fluorescein angiography
It is important to do a baseline fundus fluorescein 
angiography (FFA) before planning laser treatment in DME. 
However, in cases where intravitreal injections  (IVI) are 
planned for treating CI‑DME, a baseline FFA is not required, 
unless it is indicated to ascertain the stage of DR or macular 
ischemia.

FFA classifies DME as focal, diffuse, or mixed edema. Focal 
edema is due to leaking microaneurysms; they may form a 
circinate pattern, and these benefit from focal macular laser. 
Diffuse DME is due to leakage from the macular capillary 
bed. Although grid laser was recommended by ETDRS (add 
reference) as a treatment for diffuse DME, it is best treated 
with anti‑VEGF agents. FFA reveals the source of leakage as 
microaneurysms resulting in either focal, or often the circinate 
pattern edema, or leakage from retinal capillaries resulting in 
diffuse edema or areas of CNP or enlarged foveal avascular 
zone (FAZ). Macular capillary nonperfusion and enlarged FAZ 
are the signs of macular ischemia. However, FFA shows that the 
microaneurysms in the superficial capillary plexus with those in 
the deep capillary plexus can be visualized with OCTA, which 
is now becoming a part of clinical management of DME as it 
provides information CNP. Currently, it is challenging to assess 
CNP in the presence of DME due to poor segmentation in the 
presence of edema. However, after resolution of DME, the areas 
of CNP, especially in the deep capillary plexus, may provide 
clues on visual prognosis or explain lack of improvement of 
VA following treatment of DME due to concomitant diabetic 
macular ischemia.

Optical coherence tomography (OCT)
With the advent of OCT and anti‑VEGF agents, the focus 
of classifying DME has shifted to OCT evidence of DME 
involving the central subfield zone of the ETDRS grid termed 
center‑involving DME  (CI‑DME) or noncenter‑involving 
DME  (NCI‑DME). DME is diagnosed as intraretinal and/or 
subretinal hyporeflective spaces on OCT. Although several 
morphological features have been investigated as prognostic 
factors of DME, hyperreflective foci,[5] loss of integrity of outer 
retina, and presence of disorganized inner retinal layers (DRIL) 
on OCT are well‑defined as poor prognostic indicators. OCT 
is now widely used as an imaging tool to diagnose DME as 
assessment by fundus biomicroscopy is quite subjective. Both 
neurosensory detachment and tractional macular edema OCT 
are recommended if the grade of DR is more than moderate 
nonproliferative DR  (NPDR).  It is important to rule out 
tractional components in patients who are not responsive to 
pharmacotherapy.

M a n a g e m e n t  o f  n o n c e n t e r ‑ i n v o l v i n g  m a c u l a r 
edema (NCI‑DME)
Treatment naïve NCI‑DME
Any DME not involving the fovea is classified as NCI‑DME.[7] 
On OCT, the retinal thickening involves any 1 or more of the 
noncentral fields on the ETDRS grid. Retinal thickening is 
defined as above the threshold (>320 µm) and central subfield 
thickness (CST) of less than normal +2 SD (machine‑specific). 
This subgroup of patients can present with good visual 
acuity. However, the progression of NCI‑DME to CI‑DME 
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Figure 1: Classification of diabetic retinopathy (DR), clinically significant macular edema (CSME), and optical coherence tomography classification 
of DME
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in the first year is generally low  (14%). Systemic factors 
such as hyperglycemia, hyperlipidemia, and hypertension 
are risk factors for progression to CI‑DME, and all treating 
ophthalmologists should stress optimal control of these risk 
factors.

Treatment for naïve NCI‑DME:
•	 NCI‑DME with good vision (6/6‑6/9) can be observed with 

monthly follow‑up[4]

•	 NCI‑DME with BCVA <6/9 attributed to macular edema can 
be treated with macular laser if it meets the CSME criteria.[4] 
Focal laser is performed targeting leaking microaneurysms 
shown on FFA in areas of thickening between 500–3000 µm 
from the center of macula.[4]

Conventional argon laser is absorbed by the melanin 
pigments in RPE, leading to protein denaturation and 
atrophy. However, intense whitening of the retinal burns 
is best avoided. In subthreshold micropulse laser, energy is 
delivered in many repetitive short impulses. The laser power 
is set at a low level so that it does not form any visible lesion 
on the retina. It has alternating ON and OFF cycles. The 
“ON” time is 100 µs of micropulse power, and the “OFF’ 
time is 1900 µs, which is without power and this gives time 
for the heated tissue to cool down.[8,9] The subthreshold 
micropulse laser can be diode laser at 810 nm or yellow at 
577 nm. Recent reports have also studied the use of 532‑nm 
green lasers.[10] Complications of conventional macular laser 
photocoagulation include progressive enlargement of the 
laser scar that may lead to foveal atrophy and choroidal 
neovascularization.[8,9]

Clinical signs with poor visual prognosis that coexist 
with DME include subfoveal plaque, fibrosis and macular 
pigmentary changes, and these should be recorded and 
prognosis explained to the patient. Macular laser is unlikely 
to benefit in these situations and should only be done with 
caution.

NCI‑DME after intravitreal injections for CI‑DME
Patients may have persistent NCI‑DME after treating CI‑DME 
with anti‑VEGFs or steroid therapy. BCVA plays an important 
role in decision‑making.
(i) �In eyes with BCVA of 6/9 or better, it is best to observe the 

patients on a 2 monthly basis. The follow‑up can gradually 
be increased to a maximum of 4 months if vision stays 
stable and there is no progression to CI‑DME.[11,12]

(ii) �In eyes with BCVA worse than 6/9, macular laser (focal/
grid laser) may be considered if it meets CSME criteria. 
These patients can then be followed up after a month with 
the follow‑up interval then doubled to a maximum of 4 
months.[11‑13] Those who fail to respond to macular laser 
can be planned for a repeat treatment with anti‑VEGFs.[14]

(iii) �A plaque of hard exudates may deposit at the macula, 
close to the fovea, which carries a poor prognosis, and this 
should be explained to the patient before embarking on any 
therapy. Intravitreal steroids (triamcinolone acetonide or 
dexamethasone) have been reported as an option to reduce 
the exudates, but its effects are equivocal.[15,16] Potential 
risk of glaucoma and cataract (in phakic eyes) should be 
assessed prior to steroid injection. In the absence of macular 
thickening, repeat injection of anti‑VEGF for persistent 
exudates may resolve the exudates, but improvement of 

vision is unlikely.[17] These patients should be evaluated 
for control of systemic status especially serum lipids and 
treated with lipid‑lowering drugs as per the advice of the 
physician.

Management of center‑involving diabetic macular 
edema (CI‑DME)
Treatment of naïve CI‑DME
Intravitreal injections (IVI) of anti‑VEGF agents are the first 
line of treatment for naïve CI‑DME.[18] Multiple clinical trials 
have demonstrated that anti‑VEGF therapy is more effective 
in improving vision in CI‑DME than macular laser treatment, 
supplanting it as the first‑line therapy for CI‑DME.[12,19,20] The 
standard doses for the IVI anti‑VEGF pharmacotherapies are 
ranibizumab (Lucentis/Accentrix/biosimilar) – 0.5 mg/0.05 ml, 
bevac izumab  (Avas t in )   –   1 .25   mg/0 .05   ml ,  and 
aflibercept (Eylea) – 2 mg/0.05 ml).

The Diabetic Retinopathy Clinical Research Network (DRCR) 
protocol for CI‑DME starts with monthly IVI for 4–6 months 
initially and then allows for holding on treatment if there is no 
improvement in vision or central subfield thickness, or if 6/6 
Snellen vision and/or the resolution of DME has been achieved. 
Anti‑VEGF treatment can be resumed if there is a worsening 
vision or CST on subsequent visits. If on consecutive visits, 
treatment is not required, the follow‑up interval is doubled 
up to 4  months. This approach has been demonstrated to 
reduce the number of injections while delivering excellent 
VA gains. Treatment is deferred when vision has improved to 
6/6 and the OCT has become normal (normal foveal contour 
with reduction of retinal thickening at the macula, regression 
of the neurosensory detachment, and disappearance of cystic 
spaces in the neurosensory retina). An alternative approach to 
reducing the injection burden is a treat‑and‑extend regimen, 
wherein the interval between visits is adjusted based on the 
treatment response. A recent prospective trial showed that treat 
and extend approach is comparable in visual and anatomic 
results at 2 years to monthly dosing with fewer injections.[21]

Stopping anti‑VEGF therapy
No further improvement is defined as a <10% decrease in the 
central subfield thickness on OCT and a <1 line improvement 
in VA on the Snellen chart after the last injection, and in the 
opinion of the treating ophthalmologist, no further benefit can 
be expected with additional treatment.[4] In eyes with vision 
better than or equal to 6/7.5 and persistent DME, treatment 
can be withdrawn and the patients kept under observation, 
reinstituting treatment if DME recurs.[22,23]

Recurrent DME
In eyes that develop recurrent DME after complete resolution 
following multiple anti‑VEGF injections, it is preferable to 
continue the same treatment if vision continues to improve 
with a progressive decrease in CST.

Nonresponders to anti‑VEGF therapy
The most common reason for nonresponse to anti‑VEGF therapy 
is due to inadequate treatment as per the above protocol. In 
eyes with persistent DME and VA <6/12, a different anti‑VEGF 
may be considered. If the patient has been on bevacizumab, 
a switch to ranibizumab or aflibercept is recommended; if on 
ranibizumab, a switch to aflibercept is advised. In eyes with 
suboptimal response, most ophthalmologists in the Asia Pacific 
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switch to another anti‑VEGF agent after 2–3 injections and to 
steroids after 6 injections.[24]

Intraocular steroids, preferably implants, can be considered 
in some situations and patients who have persistent DME 
despite anti‑VEGF therapy might benefit from this treatment. 
The DRCR.net Protocol I and Protocol T have demonstrated the 
percentage of patients who continue to have macular edema 
after six months of treatment.[25]

Switching to intravitreal steroids can be considered in the 
following situations[26]:
1.	 Responding to anti‑VEGFs but difficult to maintain frequent 

follow‑up visits
2.	 P s e u d o p h a k i c  p a t i e n t s  w h o  h a ve  r e a c h e d  a 
plateau – persistent intraretinal fluid (IRF)/VA <6/12

3.	 Persistent edema and needing cataract surgery
4.	 Occurrence of systemic vascular event while on anti‑VEGFs
5.	 Associated features such as extensive hard exudates and 
presence of hyperreflective dots on OCT[27]

6.	 Eyes post vitrectomy.

Additional laser photocoagulation to treat persistent 
edema (considered after 4–6 injections may also be considered 
for the following:[28]

1.	 Persistent CSME with visible microaneurysms
2.	 If a switch to steroid is not possible (glaucoma/young phakic 
patient), grid +/− focal laser may be applied to areas of retinal 
thickening.

However, the role of peripheral PRP for eyes with peripheral 
CNP in eyes with persistent edema despite the failure of all 
pharmacological therapy remains questionable.[29,30]

Role of vitrectomy in DME
Patients with recalcitrant DME may benefit from vitrectomy 
surgery. These include DME with predominantly vitreomacular 
traction or tractional epiretinal membrane  (ERM) or a taut 
posterior hyaloid.[31] Through the removal of adherent 
posterior hyaloid, vitreomacular traction  (VMT), and ERM, 
the anteroposterior and tangential traction is released, 
resulting in better oxygenation to the inner retina, which 
may improve capillary blood flow in the perifoveal area and 
reduce hypoxia‑induced VEGF drive. In addition, histamine, 
VEGF, and free radicals have been shown to be decreased 
in the preretinal space after vitrectomy.[32,33] An attached 
vitreous also has an adverse effect on the clinical response of 
DME.[34] However, vitrectomy may result only in structural 
improvement with nonsignificant visual improvement.[34,35] 
It is also hypothesized that following vitrectomy, the retinal 
pigment epithelial pump improves.[36]

Studies also describe the role of peeling of the inner 
retinal membrane  (ILM) in these eyes. The ILM contributes 
to tangential traction and helps prevent recurrences of ERM 
especially in cases of vitreoschisis. There is little evidence to 
support vitrectomy as a treatment for DME in the absence of 
vitreomacular traction and laser; anti‑VEGFs or steroids should 
be considered as the treatment of choice.

Control of systemic risk factors
Strict glycemic and blood pressure control remains the hallmark 
of prevention and progression of DME. It is also important to 
assess the renal status and refer to a physician for adequate 
control.[22] Glitazones and underlying hematological disorders, 

such as idiopathic thrombocytopenic purpura or multiple 
myeloma, can also result in persistent DME. Reevaluation of 
the systemic status especially hypertension, anemia, and renal 
status in patients with bilateral neurosensory detachments at 
the fovea unresponsive to treatment is recommended. A rapidly 
progressing DR or a bilateral central retinal vein occlusion may 
be due to blood dyscrasias, and a complete hemogram with 
peripheral blood smear is also recommended. Epidemiological 
studies define asymmetric DR as none/mild DR in one eye and 
severe PDR in the other, a difference of two steps in the two 
eyes persisting for at least 2 years. In these clinical situations, 
carotid Doppler must be performed. An underlying systemic 
cause such as carotid artery/ophthalmic artery stenosis should 
be considered.

Management of DME in patients with other associated ocular 
problems
Proliferative diabetic retinopathy (PDR) with DME
Both PDR and DME are distinct patterns of retinal microvascular 
features that reflect small‑vessel disease. Among patients with 
T2DM, the presence of DME in PDR can be associated with an 
increased risk of incident cardiovascular disease.[37]

Treatment naïve PDR should be treated with pan‑retinal 
photocoagulation  (PRP). In the presence of extra macular 
traction, PRP should be done 2DD away from the traction 
and DME treated as per standard protocol. In the presence of 
vision‑threatening traction, vitrectomy is indicated in addition 
to PRP. The presence of traction, threatening, or involving 
fovea is an indication for surgery. One must assess the extent 
of traction and vascularity of the proliferation as anti‑VEGFs in 
such situations should be avoided as it can lead to worsening 
of traction or Crunch syndrome[4]

In presence of a vitreous hemorrhage, where the view of 
the retina is compromised, a B Scan should be done to rule out 
traction at the macula. In presence of traction, a vitrectomy is 
indicated. In absence of traction, PRP should be done to the 
extent and area possible. Anti‑VEGFs can be used to treat 
DME and may prevent re‑bleed from neovascularization 
elsewhere in the eye. Nonresolving vitreous hemorrhage 
requires vitrectomy.

The renal status should be evaluated in eyes with sudden 
onset of bullous or exudative retinal detachment post PRP.

DME in pseudophakic eyes
Macular edema  (ME) may be secondary to many retinal 
diseases.[4,38] Therefore, before treatment is initiated, it is 
necessary to differentiate DME from pseudophakic cystoid 
macular edema (PCME)/Irvin–Gass syndrome. By performing 
an OCT before cataract surgery in eyes with suspected 
DME, one can anticipate DME or progression of DME 
following surgery. On FFA, pseudophakic edema will show 
a diffuse petaloid type of leakage with disc leakage, with the 
absence of microaneurysms and hard exudates around the 
edema.[4] The presence of hard exudates, microaneurysms, 
or DR in the other eye strongly favor DME.[38] In the presence 
of DME with no component of Irvine–Gass syndrome, 
treatment with anti‑VEGFs can be initiated for CI‑DME. 
First‑line treatment with topical or subtenon’s steroids is 
recommended for pseudophakic edema. In the presence of 
both DME and Irvine–Gass syndrome topical nonsteroidal 
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anti‑inflammatory drugs (NSAIDs) should be used followed 
by anti‑VEGFs.[4] In nonresponders who have already been 
treated with anti‑VEGFs (after 3–6 injections), it is reasonable 
to switch to steroids.[39,40]

DME during pregnancy
With the increase in the prevalence of T2DM in the younger 
age group and increasing gestational age worldwide, there 
is a proportional increase in the number of pregnant women 
with diabetes.[41] The prevalence of DR in early pregnancy in 
T2DM is estimated at 14%[42] While gestational diabetes is not 
associated with an increased risk of developing DR, those 
with undiagnosed T2DM may present with DR during or after 
pregnancy.

All pregnant women should be screened for DR every 
trimester during pregnancy. If DR has progressed in the third 
trimester, monitoring should be continued in the postnatal 
period up to 12 months. Communication and close collaboration 
between obstetricians and ophthalmologists is mandatory. 
Counseling regarding the effect of pregnancy on DR should 
ideally be initiated before pregnancy. Very little is known 
regarding the management of DME in pregnancy.[43] DME 
has been reported to spontaneously regress post‑partum.[4,41] 
Therefore, a period of close observation may be reasonable. 
However, if there is a progressive deterioration of vision, 
the use of intravitreal steroids, particularly dexamethasone 
implants, is recommended. However, the patients should be 
fully informed about the possibility of cataract associated 
with the use of steroid implants. PDR in pregnant women 
must always be treated, given the risk of progression and 
the difficulties faced with multiple visits. Treatment should 
ideally be started before the onset of pregnancy, especially 
for severe NPDR and PDR,[44] and therefore stabilized prior 
to conception.

The use of IVI anti‑VEGFs in pregnancy is not recommended 
because of potential effects on developing embryos or fetus. 
It is therefore recommended that women should wait at 
least 3  months after the last intravitreal injection before 
conceiving.[45,46]

DME in type I diabetes
Although DME is considered to be more prevalent in T2DM, 
the Diabetes Control and Complications Trial (DCCT) reported 
that 27% of the individuals with type  1 diabetes  (T1DM) 
developed DME within 9  years of onset of diabetes.[47] The 
annual incidence of DME in T1DM ranged from 0.9% to 
2.3% and from 1.25% to 1.40% in T2DM.[48] The prevalence of 
DME in T1DM was shown to be between 4.2% and 7.9% in 
population‑based studies.[49]

Data from the 25‑year follow‑up of the Wisconsin 
Epidemiologic Study of Diabetic Retinopathy  (WESDR) 
showed that in the T1DM cohort, almost all patients  (97%) 
developed DR over time, with a third to a half going on to 
develop vision‑threatening disease (42% developed PDR, 29% 
developed DME, and 17% developed CSME).[50] The 14‑year 
incidence of DME in T1DM was shown to be 26%.[19]

Management of DME in T1DM is similar to that in T2DM; 
however, they need more frequent and regular monitoring by 
the diabetologist/endocrinologist for glycemic control. Puberty 
is a well‑known risk factor for DR in T1DM, and DR and DME 

can progress rapidly during pregnancy especially in T1DM (see 
the section on pregnancy).[51] Data from the DCCT showed 
that severity of retinopathy was associated with increased 
triglycerides and inversely associated with high‑density 
lipoprotein  (HDL) in T1DM. Higher serum lipids have also 
been shown to be associated with an increased risk of CSME 
and retinal hard exudates in T1DM.[52]

Diabetic ketoacidosis  (DKA) in T1DM may present with 
bilateral DME aggravated by fluid overload that resolves 
without any active ocular intervention.[53] Therefore, systemic 
evaluation is very important in those with T1DM presenting 
with DME. Reports on the management of DR in young people 
with diabetes are limited given that clinical trials for DR subjects 
are over the age of 18 years. However, disease progression is 
no different between young and adult‑onset diabetes, and 
treatment indications are similar to T2DM.[41] The use of IVI 
of anti‑VEGFs in children is limited and most reports are on 
the management of retinopathy of prematurity. Anti‑VEGFs 
are well tolerated in this group; however, compliance is more 
challenging than in adults, and extra efforts should be made 
to counsel these patients.[54]

DME in vitrectomized eyes
Eyes with macular edema after vitrectomy are likely to have 
poorer initial VA, thinner central macular thickness, greater 
prevalence of PDR, prior treatments as laser photocoagulation 
or other treatments for DME, prior cataract surgery, and longer 
duration of diabetes.[55] Considering these factors, treatment 
for DME in a vitrectomized eye is challenging. Studies suggest 
secretion of type II procollagen and a lack of high molecular 
weight hyaluronan following pars plana vitrectomy.[56] The 
pharmacokinetic parameters of IVI of anti‑VEGFs may hence 
be affected as the ambience of the vitreous cavity is altered[57] 
There is limited data available based on a preferred agent for 
the treatment in these eyes.

A recent report comparing the effectiveness of ranibizumab 
injections for the treatment of DME in eyes with and without 
previous vitrectomy over 2 years showed similar outcomes.[58] 
Koyanagi et al.[59] also conducted a similar study and reported 
no significant differences in the mean changes of BCVA and 
central macular thickness between both groups at 6 months. 
However, some reports show a reduced efficacy of IVI 
anti‑VEGFs in vitrectomized eyes.[60]

Intravitreal steroids are effective in these eyes. Intravitreal 
dexamethasone implant has also been shown to have similar 
efficacy in both vitrectomized and nonvitrectomized eyes. In 
pseudophakic eyes with CI‑DMI, intravitreal steroids can be 
considered as the first choice in suitable cases.[57] Fluocinolone 
implant  (Ileuvin) has also been shown to be effective in 
vitrectomized eyes.[61]

Based on current evidence, both anti‑VEGFs and steroids 
have their role in the treatment of DME in vitrectomized eyes.

DME in the presence of macular ischemia
Ischemic maculopathy may also explain poor vision despite 
adequate treatment for associated DME.[4,62,63] An enlarged 
foveal avascular zone (FAZ) or irregular margin of FAZ on FFA 
are well‑defined signs of macular ischemia. However, the best 
parameter to assess macular ischemia on OCT‑A is unclear.[4,63] 
Macular laser photocoagulation should be avoided in eyes 
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with diabetic macular ischemia. These eyes should be treated 
with anti‑VEGFs or steroids for the associated DME. There is 
insufficient evidence of any adverse effects of these treatments 
on FAZ parameters.

DME in glaucomatous eyes
The management of DME in eyes with established glaucoma 
or those being treated for ocular hypertension or steroid 
responders should preferably be carried out with either 
macular laser or anti‑VEGFs. Intraocular pressure (IOP) should 
be monitored regularly after each intravitreal injection and 
preoperative IOP‑lowering agents should be used to prevent 
spikes in pressure. The use of steroids should be avoided in 
these patients. If necessary, augmentation of anti‑glaucoma 
medications may be needed.[4]

DME with cataract
Visually disabling cataract can coexist with DME. Where 
possible, DME should be stabilized before cataract surgery. 
Patients should be counseled on the visual outcome following 
cataract surgery as the vision may not be as good as those 
without DR. In some cases, complete resolution of DME may 
not be achieved, and it is advisable to progress with concurrent 
or post‑cataract surgery IVI anti‑VEGFs or steroid therapy. In 
the presence of clinically significant cataracts with poor view of 
the fundus and preexisting DME, surgery can be planned along 
with IVI anti‑VEGFs or steroids. Treatment can also be planned 
2 weeks after surgery and subsequent protocol continued. 
Postoperative topical NSAIDs are also recommended to 
prevent pseudophakic macular edema.[4,41,64] 

NdYAG laser capsulotomy may also be required during the 
course of therapy for DME and no extra precautions need be 
taken. However, visual prognosis must be explained.

DME with optic nerve abnormalities
Optic nerve abnormalities may rarely complicate the clinical 
picture of DME. DME can coexist with diabetic papillopathy 
or anterior ischemic optic neuropathy  (AION). Diabetic 
papillopathy is usually not associated with visual field 
defects and afferent pupillary defects; it has a milder visual 
loss and invariably resolves spontaneously with good 
diabetic control and results in negligible residual visual 
debilitation. Malignant hypertension‑associated disc edema 
could be discerned with a blood pressure assessment. FFA 
plays an important role in differentiating AION from diabetic 
papillopathy with AION showing early disc hypofluorescence 
due to hypoperfusion with late leakage around the affected 
segment. In contrast, a very early disc leakage that increases 
with time is seen in diabetic papillopathy. FFA will also 
show other features of DR. Treatment should be based on 
the primary underlying cause.[4]

DME with mixed retinopathy
Hypertension is one of the commonest comorbidities 
associated with diabetes, and hypertensive retinopathy can 
often coexist with DR and has inspired the term “mixed 
retinopathy.” Elevated blood pressure is an independent 
risk factor for both development and subsequent progression 
of DR.[65] Macular star exudates is a classic feature seen 
in hypertensive retinopathy. Malignant hypertension is 
evidenced by disc edema with peripapillary hemorrhages 
and edema.[66] It is of paramount importance to differentiate 

mixed retinopathy from other vascular diseases such as 
central retinal vein occlusion and ocular ischemic syndrome. 
Prompt control of hypertension should be advised by all 
ophthalmologists.

DME with lattice degenerations
Retinal detachment is a rare complication of intravitreal 
injections. The vitreous in diabetic patients undergo structural 
changes and enzymatic vitreolysis.[67] Both IVI anti‑VEGFs 
and increasing age are risk factors for posterior vitreous 
detachment.[68] Therefore, careful examination of the periphery 
and prophylactic treatment of any lesions that could predispose 
to retinal detachment is advisable. The interval between laser 
prophylaxis and anti‑VEGFs should ideally be 3 weeks.[4]

Blepharitis and external eye infection
People with diabetes are more susceptible to any infection, 
including ocular infection. The presence of blepharitis was 
shown to be a significant risk factor for endophthalmitis 
following intravitreal injections.[69] Therefore, it is recommended 
that any active external infection including blepharitis should 
be treated prior to anti‑VEGF therapy. In addition, eyelid checks 
before the injection, avoidance of subconjunctival anesthesia, 
and administration of povidone‑iodine and topical antibiotics 
immediately after intravitreal injection are important steps to 
avoid endophthalmitis.

Managing DME in patients with other systemic problems
DME and dyslipidemia
Increased levels of total cholesterol, triglycerides, and 
low‑density lipoproteins, as well as low high‑density 
lipoproteins, have been implicated in the pathogenesis 
of DME.[70‑72] These observations led to studies testing 
lipid‑lowering drugs such as fenofibrate and simvastatin in 
reducing the severity of DME and progression of DR.[73,74] 
The beneficial effects of fenofibrate on DR progression 
and incidence of treatable DME were observed in people 
with normal lipid levels, suggesting that the effects of 
fenofibrate may not be due to the lipid‑lowering effects of 
the drug.[75,76] Lipid‑lowering therapy has also been shown 
to reduce the severity and foveal migration of hard exudates 
in DME.[77] The beneficial role of lipid‑lowering drugs in the 
management of DME and DR is emerging from real‑world 
scenario studies.[78]

DME and anemia
Anemia has been indicated as an independent factor for 
the early progression of diabetes‑related complications[79] 
and is considered to worsen DME.[80] Studies have shown 
that hemoglobin levels of  <12 g/dL result in doubling the 
risk of DR.[81] The majority of patients with anemia have an 
underlying renal dysfunction, which affects the production 
of erythropoietin  (EPO). EPO enhances the function of the 
blood–retinal barrier, increases oxygenation, and protects 
against the damaging effects of VEGF, and may also have 
a neuroprotective role in the retina.[82] Treatment with 
subcutaneous EPO injections has been shown to improve 
DME.[4,82] However, EPO may also have an aggravating role as 
it has been shown to be important in the angiogenic processes 
in DR, especially at the proliferative stage. Additionally, 
anti‑VEGF injections may be required in presence of 
center‑involving DME.[4]
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DME and renal disease
The association between DR and renal disease has been 
extensively studied, including the influence of nephropathy 
on treatment outcomes in DME. The hallmark of established 
diabetic nephropathy is persistent albuminuria (category A3, 
severely increased) with coexisting DR, with no evidence of 
alternative kidney disease.[83,84]

In TIDM, a clinical diagnosis of diabetic kidney disease can 
be made when there is persistent moderate (A2) or severe (A3) 
albuminuria or a persistent reduction in estimated glomerular 
filtration rate  (eGFR) to  <60 mL/min/1.73 m2, occurring 
at least 5  years after the onset of diabetes. DR will also be 
present in over 95% of cases. Albuminuria does not have to be 
present to make a diagnosis providing eGFR is persistently 
<60 mL/min/1.73 m2.

Clinical clues to coexisting renal disease include ischemic 
maculopathy, massive exudation at the posterior pole, and 
extensive peripapillary cotton wool spots. OCT features that 
may suggest coexisting renal disease include neurosensory 
detachment with diffuse thickening and neurosensory 
detachment refractory to anti‑VEGFs. However, larger studies 
are required to confirm these observations.

Other comorbidities that can exist with nephropathy can 
also influence DME. For example, hypertension (which may 
present as mixed retinopathy), and anemia (especially patients 
on EPO; EPO may improve DME but worsen NPDR/PDR), 
patients on or after dialysis (wherein reduction in neurosensory 
detachment and central subfield thickness due to improvement 
in uremia and volume overload may occur), post‑renal 
transplant, risk of fingolimod‑induced CME, combined 
renal–pancreatic transplant, or only pancreatic transplant can 
show signs of initial worsening followed by improvement.

Multiple recent studies have shown that systemic absorption 
of IVI anti‑VEGFs may cause accelerated hypertension, 
worsening proteinuria, glomerular disease, thrombotic 
microangiopathy, and possible chronic renal function decline. 
However, it is also important to note that diabetes itself can 
cause nephropathy independently. These have to be monitored 
by a physician when the patients are treated for DME by an 
ophthalmologist.

DME with cardiovascular disease (CVD)
DME and DR are associated with increased risk of incident CVD, 
which includes coronary heart disease, stroke, or death from 
cardiovascular causes. Persons with DME or PDR were more 
likely to have incident CVD (IRR: 1.39; 95% CI: 1.16–1.67) and 
fatal CVD (IRR: 2.33; 95% CI: 1.49–3.67) compared with those 
without DME or PDR.[30] Treatment with anti‑VEGFs should not 
be initiated if a patient had a stroke (cerebrovascular accidents) 
or myocardial infarction within the previous 3 months; PRP 
or steroid treatments should be considered in these patients. 
However, if the event occurred more than 3 months previously 
treatment with anti‑VEGFs can be initiated. However, if 
systemic risks of thromboembolic phenomenon are significant, 
it is best to consult a physician first.[4]

DME in the presence of systemic infection
When individuals with diabetes develop an infection, it can 
be more difficult to treat due to fluctuations in blood glucose 
levels, the presence of other diabetic complications, and a 

compromised immune system in people with uncontrolled 
diabetes. Diabetic nonhealing foot ulcer poses a risk of 
infection, and before treatment is started, it is important to 
ensure that the patient is being seen by a foot surgeon (podiatric 
surgeon) and a diabetologist. The patient’s hands/attendant’s 
hands must be clean/sterile before instilling eyedrops. The 
patient should be counseled to do proper foot dressing to avoid 
any eye infection post anti‑VEGF treatment. If there is an active 
foot infection, anti‑VEGF injections should be postponed and 
noninvasive alternatives such as focal laser photocoagulation 
should be done if possible.

DME with sleep apnea
Obstructive sleep apnea (OSA) is a sleep disorder characterized 
by episodes of shallow or paused breathing during sleep 
leading to hypoxemia, arousal, and sleep fragmentation, 
affecting 58% of normal individuals and 86% of patients with 
diabetes.[85] The intermittent episodes of hypoxia during OSA 
accelerate damage to the retinal vasculature and play a role in 
the development of DR.[86]

Chang et  al.,[85] in a retrospective, cross‑sectional study 
of 317  patients, reported a positive correlation between 
severe OSA and DR. When compared to patients with 
mild‑to‑moderate OSA, patients with severe OSA were found 
to be at a two‑  to threefold increased likelihood of having 
DR, PDR, and DME.[86] In another study, severe OSA with 
desaturation parameters (SPO2) below 90% was shown to be 
a predictive factor for DME.[87] Once OSA is detected, patients 
can undergo formal diagnostic polysomnography. Continuous 
positive airway pressure  (CPAP), a treatment for OSA, has 
been shown to stop and reverse DR and DME progression.[85]

DME in patients with hypertension
The presence of neurosensory detachment and retinal 
thinning on OCT and fluctuations in central retinal thickness 
indicate associated poor blood pressure control.[88‑91] Renal 
disease‑associated hypertension and anemia need to be controlled 
prior to considering intravitreal anti‑VEGFs.[91] It is preferable to 
avoid anti‑VEGF in uncontrolled hypertension. Risk of vascular 
events increases if blood pressure is >180/110 mm Hg. While 
the risk of vision loss is particularly high if anti‑VEGF agents 
are avoided for too long, it is preferable to defer any intravitreal 
injection until control of blood pressure; in addition, patients and 
physicians should be advised on the urgency to initiate treatment 
for DME. In eyes with DME that respond favorably to anti‑VEGF 
agents, controlling blood pressure can have a further beneficial 
effect and hence should be encouraged.

DME in patients with uncontrolled diabetes
Poor glycemic control is an independent marker for the 
progression of DR and DME. Strict glycemic control is useful at 
any stage of DR.[4] Poor or fluctuating glycemic control can alter 
the compliance of regular monthly intravitreal injections. Other 
systemic comorbidities in people with diabetes, such as diabetic 
kidney disease, uncontrolled hypertension, and cardiovascular 
disease, can also affect the adherence to follow‑ups following 
anti‑VEGFs.

Areas requiring further research
DME in patients who underwent bariatric surgery
A meta‑analysis showed the impact of bariatric surgery in 
reducing the progression of DR[92] Brynskov et al.[93] reported a 
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clinically negligible but statistically significant foveal thickening 
6  months following bariatric surgery. Further research is 
required to understand the impact of bariatric surgery on 
DME and whether sudden normalization or improvement of 
diabetes in patients with bariatric surgery will have a similar 
effect as conventional anti‑diabetic therapy inducing a rapid 
decline in HbA1c levels. As such, all patients who undergo 
bariatric surgery require close observation of initial worsening 
symptoms followed by long‑term improvement of DR.

Conclusion
DME is preventable to some extent, and there is a need 
to optimize the control of systemic factors, including 
hyperglycemia, hyperlipidemia, and blood pressure. Thus, the 
care should be done holistically by a multidisciplinary team 
with the physician or an endocrinologist, internal medicine 
specialist or primary care physician being the center of a 
patient’s care.

There have been significant advances in the management 
of DME. However, DME management remains suboptimal in 
many patients with diabetes. The recommendations given in 
this article are based on expert evaluation, and current evidence 
and aim to help guide the optimal choice of treatment and 
regimen for DME in India. Though anti‑VEGFs are the first 
line of management, coexisting ocular diseases and associated 
comorbidities may alter the management strategy.
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