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Abstract
Purpose: The purpose of this article is to provide a data-driven set of best practices to consider in the management of diabetic
macular edema (DME). Methods: The current discussion and recommendations represent the authors’ interpretations of data
from selected references based on perceived relevance and study design. Results: DME is a common cause of visual impairment
globally. The underlying progressive retinal microvascular damage is associated with upregulation of VEGF and a multitude of
other inflammatory pathways. Three clinically relevant subcategories of DME can be identified: central-involved DME (CIDME)
with preserved visual acuity, CIDME with associated visual loss, and non-CIDME. Management approaches may include obser-
vation, laser photocoagulation, intravitreal pharmacotherapy with anti-VEGF agents or corticosteroids, or a combination of these,
and may vary depending on the specific type of DME and associated severity of diabetic retinopathy. Additional factors to consider
in the management of patients with DME include the appropriate use of imaging and recognition of the chronic nature of the
underlying disease process in many eyes. Conclusions: DME management is complex. Intravitreal pharmacotherapies are the
current cornerstone of treatment for CIDME and appear poised to remain so for the foreseeable future.
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Introduction

Diabetes mellitus (DM) is a growing global challenge. In 2016

the World Health Organization estimated that approximately

1 in 12 adults were affected.1 In the United States, the preva-

lence is estimated at 1 in 8.2 Progressive microvascular damage

to the retina, in the form of diabetic retinopathy (DR), is one of

the most common end-organ manifestations of DM.3 Subse-

quent local ischemia can lead to exudation of fluid, protein,

and lipid following breakdown of the blood-retinal barrier and

upregulation of a host of cytokines including VEGF.4 Resultant

diabetic macular edema (DME) and proliferative diabetic

retinopathy (PDR) are common causes of blindness in many

countries, often affecting working-age populations,3 the key

economic drivers of local societies.

For decades, laser-based modalities have been the corner-

stones of management for DME and PDR.5 However, pharma-

cologic management of DME is now first-line therapy for many

clinical situations. Six pharmaceutical agents encompassing

2 mechanistic classes are used regularly for the treatment of

DME. Engineered proteins including the FDA-approved ranibi-

zumab (Lucentis; Genentech)6 and aflibercept (Eylea; Regen-

eron Pharmaceuticals, Inc),7 as well as the non–FDA-approved

bevacizumab (Avastin; Genentech)8 block the activity of VEGF.

Alternatively, the FDA-approved dexamethasone (Ozurdex;

Allergan)9 and fluocinolone acetonide (Iluvien; Alimera

Sciences)10 implants, as well as non–FDA-approved triamcino-

lone acetonide,11 are corticosteroid agents. The current manu-

script aims to provide a data-driven set of best practices to

consider in the management of DME.
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Management Consideration for 3 Clinically
Relevant DME Subcategories

Historically, a threshold for treating DME was set by the Early

Treatment Diabetic Retinopathy Study (ETDRS) as clinically

significant macular edema (CSME).12 More clinically relevant

today, however, is classification of DME as either central-

involved DME (CIDME) or non-CIDME.3 Central involvement

is most accurately determined by optical coherence tomography

(OCT) demonstrating foveal involvement of intraretinal or

subretinal fluid with concurrent thickening affecting the 1 mm

diameter central subfield thickness (CST) (Figure 1).

In cases of non-CIDME, the results of the ETDRS trial

remain relevant to current practice and appropriately applied

laser photocoagulation to the macula remains a validated

option for treatment. Within the ETDRS, macular laser (focal

and grid application) significantly reduced the risk of moderate

visual loss by approximately 50%, a protective effect that was

independent of baseline visual acuity (VA). Critically, while

mean baseline VA in DME pharmaceutical trials has ranged

from 20/50 to 20/80, approximately 85% of eyes enrolled in the

ETDRS trial were 20/40 or better and approximately 63% were

20/25 or better; furthermore, just 7% of ETDRS eyes were

worse than 20/63.12 Despite its proven value, however, macular

laser treatment has limitations and possible untoward effects.

For example, focal macular laser for DME has shown limited

effectiveness at improving mean VA6,7,11 in the management

of CIDME.

In cases of CIDME, there are 2 key subcategories: those

with preserved VA and those with associated VA loss. Lim-

ited data exist to guide treatment of CIDME with preserved

VA, defined as VA better than 20/32. Such eyes were not

eligible for any of the phase 3 trials leading to FDA approval

of the current pharmaceutical agents6,7,9,13 or the Diabetic

Retinopathy Clinical Research (DRCR) Network Protocol

I11 or Protocol T8 trials. Data from the fully enrolled DRCR

Network phase 3 Protocol V, which randomized treatment-

naı̈ve eyes with 20/25 or better VA and CIDME to either

prompt anti-VEGF dosing, prompt macular laser, or observa-

tion, may serve to guide management of these eyes and is

anticipated to release data in 2019.14

Current options for management include close clinical

observation vs intravitreal pharmaceutical management, vs

focal macular laser vs a combination of these options. Never-

theless, supporting earlier pharmaceutical intervention, better

baseline VA at the time of initiation of intravitreal pharmaceu-

tical therapy for DME is associated with better outcomes,15

a correlation that has demonstrated remarkable consistency

across many exudative retinal diseases.16-18

In eyes with CIDME and VA loss, intravitreal pharmaceutical

delivery is generally first-line therapy. Numerous well-designed,

randomized, phase 3 clinical trials have demonstrated significant

benefit compared to observation or macular laser,6,7,9,13 and anti-

VEGF therapies are the current mainstay of therapy. A single

phase 3 trial, DRCR Network Protocol T, compared available

anti-VEGF agents through 2 years of management.8 Among

eyes with baseline VA of 20/32 to 20/40, all 3 agents achieved

similar VA benefit, gaining approximately 1.5 lines by

6 months, and maintained these gains through 2 years. Among

this population with baseline VA of 20/40 or better, however,

anatomic benefit was superior both with aflibercept and ranibi-

zumab compared with bevacizumab, as manifested by signifi-

cantly less CST improvement with bevacizumab compared with

the other agents. Among eyes with baseline VA of 20/50 or

worse, while all 3 medications achieved robust VA gains, 2 to

3 lines by month 6, and maintained these gains through 2 years,

aflibercept achieved both the greatest VA gain and CST reduc-

tion, improvements that were statistically significantly greater

than those achieved with bevacizumab dosing both at 1 and

2 years. Although aflibercept outperformed ranibizumab

0.3 mg visually at 1 year in eyes with worse baseline VA, there

was no significant visual or anatomic difference between the

2 drugs at year 2.

When managing CIDME with VA loss, data from prospec-

tive clinical trials are available to support both fixed and indi-

vidualized dosing approaches. Four large phase 3 trials have

validated fixed dosing with monthly ranibizumab or afliber-

cept,17,19 or 5 monthly doses followed by every-other-month

dosing with aflibercept.19 Among large prospective trials using

individualized dosing strategies, all have initiated therapy with

a series of loading doses. RESTORE utilized 3 monthly doses

of ranibizumab followed by monthly visits with as-needed

(PRN) re-treatment.20 Protocol T employed 6 monthly loading

doses, unless VA improved to 20/20 with a normalized CST

with no improvement or worsening for 2 injections, followed

by PRN re-treatment; eyes with persistent DME at month 6

received protocol-required focal laser.

While PRN re-treatment criteria in the context of neovas-

cular AMD are often consistent and triggered by any intraret-

inal or subretinal fluid, what constitutes DME requiring

re-treatment has been highly variable between trials, highlight-

ing the field’s incomplete understanding of what amount, type,

and location of DME can be safely observed and what fluid

should be re-treated. While some trials have relied solely on

VA, others have used a combination of VA and anatomy to

drive re-treatment decisions.

During RESTORE, PRN re-treatments were based exclu-

sively on VA, treatment being suspended if VA was 20/20 at

2 consecutive visits, or if there was no further VA improvement

at 2 consecutive visits.20 In Protocol T, treatment was sus-

pended during the PRN phase if predefined stability criteria

were met—no improvement or worsening at 2 consecutive

injections in either VA (defined as a change of 5 or more

letters) or anatomy (defined as a change of 10% or more in

CST) and treatments were resumed if either vision or anatomy

worsened.

Prospective data can also be used to support a treat-and-

extend (TREX) approach to DME management. TREX-DME

enrolled 150 eyes and reported similar improvements monthly

compared with TREX-managed eyes using ranibizumab

through 1 year of dosing, with anatomy being the primary

driver determining the interval between treatments.21
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Long-Term Dosing Requirements in the
Management of DME

The management burden for eyes with CIDME through 2 years

of treatment is substantial and should be communicated with

patients. For example, regardless of randomized arm, through

2 years of the DRCR Network Protocol T, patients underwent

a mean of 23 clinical visits and received a mean of 15 to 16

intravitreal injections.8 However, after an initial period of

intensive anti-VEGF therapy for CIDME, several analyses

have suggested that less-frequent anti-VEGF dosing may be

effective at maintaining visual and anatomic gains in most

patients, and that a clinically meaningful proportion of patients

can maintain quiescent disease without ongoing treatment

through at least 2 additional years of follow-up. For example,

the DRCR Network Protocol I,22 Open-Label Extension

(OLE),23 and ENDURANCE24,25 studies have all reported that

mean VA gains obtained with frequent ranibizumab or afliber-

cept dosing were maintained with individualized dosing result-

ing in a substantially reduced treatment frequency.

When data from the OLE23 and ENDURANCE trials,25

representing the fourth through fifth years of DME manage-

ment, are considered together, 3 clinically relevant points can

be distilled. First, approximately 25% of patients received no

additional anti-VEGF dosing and did not experience DME

recurrence. Second, indicating that the underlying disease pro-

cess continues to be active in a substantial proportion of

patients, both populations received approximately 3-4 intra-

vitreal injections annually for control of DME. Third, both

studies documented worsening of DR, including progression

from nonproliferative (NPDR) to proliferative DR, in a clini-

cally relevant proportion of eyes when anti-VEGF dosing

frequencies were reduced, a similar finding as observed in the

second year of Protocol T when injection frequencies were

reduced.26 The long-term management of eyes with baseline

CIDME necessitates regular clinical follow-up and evaluation

for recurrence of DME, as well as progression of DR.

When to Consider Incorporating
Intravitreal Corticosteroids

While basic science as well as clinical data indicate that VEGF

plays a substantial role in DME pathophysiology, there are

alternative inflammatory pathways involved. Aqueous and vit-

reous analyses have identified elevated levels of numerous

cytokines beyond VEGF among patients with DME compared

with nondiabetics.27,28 Anti-VEGF agents inhibit VEGF exclu-

sively, while steroids are capable of modulating a multitude of

inflammatory pathways including blockade of VEGF. The clin-

ical relevance of this may be manifested in the finding of

persistent DME following repeated anti-VEGF dosing.

For example, the DRCR Network Protocol T reported that

after 2 years, the rates of persistent DME ranged from 44%
with aflibercept to 68% with bevacizumab.29 Therefore, many

clinicians seek alternative treatments beyond anti-VEGF

monotherapy in an attempt to further reduce CST and optimize

VA. However, intravitreal steroids are commonly employed as

second-line agents after anti-VEGF therapy because of con-

cerns regarding cataract acceleration and intraocular pressure

(IOP) elevation. According to the American Society of Retina

Specialists 2017 Preferences and Trends Survey, when asked

after how many anti-VEGF injections retina specialists would

consider incorporating steroids, 38% of US specialists

Diabe�c Macular 
Edema (DME) 

Central-Involved DME (CIDME)
Defined by OCT as foveal involvement of

abnormal intrare�nal and/or subre�nal fluid 
with concurrent thickening affec�ng the 1 mm 

diameter central subfield thickness (CST)

Non-CIDME

CIDME with 
preserved visual 

acuity

CIDME with 
associated visual 

acuity loss

Figure 1. Diabetic macular edema classification. OCT indicates optical coherence tomography.
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responded 4-5 injections, and 28% responded 6-9 injections;

less than 2% responded 1 injection.30

Multiple trial programs can inform our use of steroids in

DME management. The DRCR Network Protocol I randomized

854 eyes equally to 4 arms: sham injection with prompt mac-

ular laser, triamcinolone (4 mg) with prompt macular laser, or

ranibizumab with prompt or deferred macular laser.11 Among

the entire study population, both ranibizumab arms gained

approximately 2 lines of VA and outperformed the sham and

triamcinolone arms, both of which gained less than 1 line of

VA through 1 year.

From an anatomic perspective, however, reductions in CST

in the triamcinolone arm were similar to both ranibizumab

arms and greater than sham. Furthermore, among 273 pseudo-

phakic eyes at baseline, VA improvement in the triamcinolone

arm was comparable to that in the ranibizumab arm at just

under 2 lines of VA gained at 1 year. IOP elevation and cataract

acceleration were both significantly more common in the tri-

amcinolone arms; 50% of triamcinolone-treated eyes experi-

enced a clinically relevant IOP elevation or were initiated on

IOP-lowering medications compared with 9% to 11% of the

other arms.

The 3-year, randomized MEAD trial led to FDA approval of

the dexamethasone (0.7 mg) (DEX) implant.9 Having received

a mean of 4.1 injections over 3 years, the percentage of patients

achieving �15-letter VA improvement was greater with the

DEX implant (22%) than sham (12%; P� .018) and mean CST

reduction was also greater with the DEX implant. From a safety

perspective, cataract progression was higher in eyes treated

with DEX (68%) vs sham (20%). IOP increases �10 mmHg

from baseline occurred in 28%, and 4% of DEX and sham

patients, respectively. IOP-lowering medications were pre-

scribed in 42%, and 9% of DEX and sham patients, respec-

tively. The incidence of glaucoma surgery due to steroid effect

was 0.3%, or 1 patient within the DEX group.31 Repeated DEX

injections within MEAD did not appear to increase the severity

of the IOP increases observed. Of note, patients within the

MEAD trial could not be re-treated with DEX earlier than

every 6 months. In practice, retina specialists typically treat

with DEX as needed, which could be as often as every 2-4

months, depending on retinal thickness on OCT.

The 3-year, randomized FAME trial led to Food and Drug

Administration (FDA) approval of the fluocinolone implant

(0.19 mg, FAc), which can release steroid for up to 3 years.

Having received a mean of 1.3 injections over 3 years, the

percentage of patients achieving �15-letter VA improvement

was greater with the FAc implant (29%) than sham (19%; P ¼
.018).10 From a safety perspective, 82% compared with 51% of

phakic FAc and sham patients developed cataracts over 3 years,

although this did not impair long-term VA outcomes following

cataract extraction. IOP-lowering medications were used in

37% compared with 12% of FAc and sham-treated patients

respectively over 3 years. While 4.8% of patients in the FAc

group underwent incisional glaucoma surgery, notably, no

patient treated in the FAc arm who received a prior ocular

steroid required IOP-lowering surgery during FAME32; this

finding led to the FDA-approved labeling that FAc is indicated

in “patients who have been previously treated with a course of

corticosteroids and did not have a clinically significant rise in

intraocular pressure.”

There remains a relatively limited amount of clinical trial

data to guide the use of steroids in the management of patients

incompletely responsive to anti-VEGF dosing. In the phase

2 DRCR Network Protocol U, after a run-in phase of 3 monthly

ranibizumab injections, 116 eyes with persistent DME were ran-

domized to either combination therapy with the dexamethasone

implant and ranibizumab or ranibizumab (0.3 mg) monother-

apy.33 At 24 weeks, mean improvement in VA was not signif-

icantly different between the arms: 2.7 letters in the combination

arm vs 3.0 letters in the monotherapy arm (P ¼ .73). However,

more patients in the combination group improved by more than

15 letters (P ¼ .03), and patients in the combination arm had

a greater decrease in CST (P < .001). Clinically relevant IOP

increases were more common in the combination arm (P < .001).

Interestingly, one-third of patients in the run-in phase were inel-

igible for randomization as their DME had sufficiently resolved

following 3 additional ranibizumab injections, indicating

a potential value of continuing monthly intravitreal anti-VEGF

injections when at first there may be a limited response.

Imaging in DME Management

Optimal DME management often employs multimodal imag-

ing. Noninvasive OCT is the cornerstone of guiding DME

management decisions, being used to confirm the presence of

DME, quantify retinal thickness, and evaluate the effectiveness

of intervention. For these reasons, patients with DME typically

undergo OCT imaging at most, if not all, office encounters. In

addition, OCT can be used to visualize individual retinal layers

including specifically evaluating photoreceptor integrity

through characterization of the external limiting membrane and

ellipsoid zone as well as evaluating the more generalized dis-

organization of inner layers, which may have prognostic

potential.34,35

Color fundus photography, fluorescein angiography (FA),

and ultra-widefield (UW) imaging are adjunct modalities that

can deliver valuable information. Physicians use photographs

to document clinical findings, such as hemorrhage, lipid, and

cotton-wool spots, that can help to stage the level of DR. Phy-

sicians can compare images longitudinally to look for DR pro-

gression and use images as a tool for patient education.

Angiography can be used to evaluate retinal perfusion and

vascular leakage.

Physicians may initiate DME treatment differently depend-

ing on multiple features, including whether vascular leakage is

focal or diffuse and central or noncentral. Beyond the posterior

pole, physicians can utilize ultra-widefield fluorescein angio-

graphy (UWFA) to more completely understand the severity of

retinopathy and further guide treatment36; UWFA imaging may

demonstrate neovascularization and nonperfusion in the

periphery that may not otherwise be apparent, and this may

alter classification and prognostication compared with clinical
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exam or more-limited posterior pole fundus photography

alone.36-39 As physicians expand the use of anti-VEGF agents

into the management of DR, it is likely that we may utilize

a combination of UWFA and photography to guide therapy and

tailor treatment intervals. Furthermore, in the dawning era of

information technology and artificial intelligence,40 such

images may be particularly relevant; it is not difficult to imag-

ine a scenario in which software algorithms immediately deter-

mine the diabetic retinopathy severity scale (DRSS) level and

risk of progression according to a set of clinically relevant

endpoints for a given patient at a given visit.

OCT angiography (OCTA), acquired through multiple,

rapid-repeating B-scans, provides reliable, high-resolution,

and efficient, noninvasive images of the retinal vasculature

without intravascular dye injection.41 Currently, although pri-

marily a research tool, FDA-approved OCTA systems are

commercially available. In the near term, 2 key advances

appear likely with OCTA. First, OCTA is capable of detecting

DR changes, such as enlargement of the foveal avascular zone

and decreased capillary density, even before clinical signs of

NPDR are apparent on examination or photography.42,43 Such

insights may enable prediction of progression to clinically

apparent DR, or even serve as a screening tool for DM itself.

Second, given the unique quantitative opportunities with

OCTA, including precisely defining areas of nonperfusion44

and capillary density parameters,45,46 such imaging may

allow more accurate reclassification of DR stages beyond the

ETDRS DRSS and may inform response to pharmacologic

therapy.47

Surgical Intervention for DME

For decades, authors have debated the role of the vitreous-

retina attachment in DME pathogenesis.48 Animal studies have

suggested that pars plana vitrectomy (PPV) increases vitreous

oxygenation, and that this may decrease VEGF load.49 Some

surgeons advocate that PPV for DME may be beneficial. In

terms of considering PPV for DME, it is worthwhile categoriz-

ing patients into those with and without retinal traction due to

vitreomacular traction (VMT) and/or epiretinal membrane

(ERM). While there are limited randomized clinical trials com-

paring PPV for DME with sham or laser therapy, there are no

randomized trials comparing PPV with anti-VEGF pharmaco-

logic therapy.

A 2017 meta-analysis of completed randomized trials

reported50 that while PPV produced both structural and func-

tional benefit in eyes with DME, this functional benefit was not

significantly better than that achieved with laser treatment, and

the benefits of PPV seemed to decline over time. The DRCR

Network has reported a nonrandomized study on the outcomes

of PPV in patients with VMT associated with DR51 in which

28% to 49% of eyes experienced VA improvement, and 13% to

31% experienced VA worsening. At this time, PPV may be

considered in select patients with apparently causative macular

traction related to either VMT or ERM.

Real-World Dosing Frequencies
and Outcomes

The FDA registration trials for ranibizumab (RISE/RIDE)6 and

aflibercept (VIVID/VISTA)19 demonstrated that DME patients

treated with fixed dosing gained roughly 2 lines of vision

(10 letters) at 1 year. However, recommendations based on

clinical trial protocols can be challenging to implement in rou-

tine clinical settings. Patients with DME are often in poor

health and require complex medical care, so much so that many

DME patients have difficulty adhering to frequent office visits,

especially given that this disease often manifests within a work-

ing-age population.

In a health care claims database analysis, patients with DME

averaged 25.5 health care visit days each year,52 of which 4.4

visits were attributed to ophthalmic care. Supporting the per-

spective that anti-VEGF dosing in the real world appears to be

substantially less than that given during registration trials on

a population basis, 1 limited EMR study found that 95% of the

participants received 6 or fewer anti-VEGF injections in the

first year of treatment.53

While multiple studies have demonstrated that less-than-

monthly treatment with anti-VEGF agents for DME can result

in meaningful VA improvement, visual gains across multiple

trials have been positively correlated with the number of injec-

tions, especially in the first year of treatment. Therefore, con-

sistent dosing until maximal visual and anatomic improvement

have been achieved is generally recommended.

International Approaches to DME
Management

Approaches to treating DME vary broadly from one country to

another. Economics and resources play critical roles in deter-

mining management algorithms as well as resource allocation.

In the developed world, treatment options are typically similar

to the United States, although algorithms may vary somewhat,

depending on guidelines often set by governmental agencies

and regulations related to off-label use of bevacizumab and ziv-

aflibercept.

In developing countries, where there may be limited access

to imaging technology and intravitreal therapies, focal laser

treatment may be used more frequently; it is worth noting that

among eyes in the ETDRS study with 20/40 or worse VA,12

approximately 40% gained 6 or more letters. Laser therapy is

not only more affordable, but can have a longer duration of

effect, and may be particularly worth considering when access

to intravitreal therapies is limited.

Limitations and Conclusions

Rather than a comprehensive review of all reported data on

DME management, the current manuscript summarizes

selected references based on perceived relevance and study

design. Second, the conclusions of the incorporated references

represent the authors’ interpretations of the data. Finally, and
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most critically, the current manuscript focuses solely on the

management of DME, without addressing underlying DR; the

pharmacotherapies used to treat DME can also have a signifi-

cant impact on slowing DR progression, and in many cases

reversing DR severity, and the field continues to move toward

intervention at earlier stages of the disease.

DME management is complex, requiring clinical integration

of multiple factors on an individualized basis including distinct

subtypes, 6 potential intravitreal pharmacotherapies to employ,

and recognition of the chronic nature of the underlying disease

process in many eyes. While intravitreal pharmacotherapies are

the current mainstay of treatment for CIDME and appear

poised to remain so for the foreseeable future, DME treatments

have changed over time and will continue to evolve. Ongoing

trials, new pharmaceuticals, novel drug targets, and innovative

devices hold great promise to continue to advance clinical

options.
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