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Abstract
Diabetic macular edema (DME) is the most common cause of vision loss among patients with diabetes mellitus (DM), ren-
dering it an important growing challenge in ophthalmology. In the past decades, the management strategies for DME had a 
few paradigm shifts, and the advent of an expanding number of anti-vascular endothelial growth factor (VEGF) agents also 
calls for an in-depth examination of the currently available evidence. This article was composed with the intention to provide 
recommendations for practicing clinicians to improve the management and, through it the outcomes of DME. Drawing from 
current guideline recommendations, clinical trial findings and local clinical experiences, these consensus recommendations 
for the management of DME were formed by an expert panel through iterations of discussion and voting. First, the treat-
ment goal of DME is to achieve best visual outcome with edema improvement while minimizing treatment burden. Second, 
anti-VEGF therapy should be considered as the first-line treatment for patients with center-involving DME causing vision 
loss. Baseline visual acuity (VA) and central subfield thickness (CST) should be taken into consideration when choosing 
anti-VEGF agents. Third, early intensive anti-VEGF therapy (at least 3 monthly doses) is important for better patients’ VA 
and anatomical improvement. In non-responders who have already been treated with 3-5 injections of anti-VEGF agents, it 
is reasonable to switch to other modalities, such as steroids. Finally, for the follow-up phase, fixed or individualized dosing 
should be considered based on VA and OCT.
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Introduction

Diabetes mellitus (DM) is a serious and burgeoning meta-
bolic disorder that poses a significant burden to both human 
health and socioeconomic development in modern time [1]. 
The global prevalence of adult DM is estimated to surge to 
10.4% of the population in 2040, affecting over 640 mil-
lion people [1]. Diabetes is associated with higher risks of 
mortality and comorbidities’ development, such as diabetic 
retinopathy (DR) [2]. Diabetic macular edema (DME), a 
common complication of DR, is the most prevalent cause 

of vision loss among diabetic patients, rendering it a primary 
health concern among the diabetic population [3]. DME also 
adds burden to the health care system, as its direct medi-
cal cost is 3 times greater than the average national health 
expenditure per person [4]. According to the National Health 
Insurance Research Database (NHIRD) data of 2004-2009, 
the diagnosis of DME among the 1.43 million DM popula-
tion in Taiwan was 7.3% and the treatment of DME associ-
ated visual loss was 1.3% [4]. Analysis of the 2005-2011 
data from the NHIRD database showed a steady increase in 
the incident cases of sight-threatening DR and a declining 
trend in sight-threatening DR prevalence among type 2 dia-
betic patients [5]. The increasing diabetic population and the 
excessive medical costs associated with DME are important 
impetuses for seeking an effective management for DME.

In the past three decades, numerous treatment strate-
gies for DME have been developed and implemented clini-
cally, including laser photocoagulation, corticosteroids, and 
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intravitreal anti-vascular endothelial growth factor (VEGF) 
injections. The trials’ findings of these treatment measures 
are summarized herein.

Laser photocoagulation

Laser photocoagulation, including focal and grid laser, has 
been the gold standard DME treatment since the 1980s [6–8]. 
However, the role of laser has largely diminished with the 
advent of corticosteroids and anti-VEGF agents. Laser was 
established as a standard treatment for DME by the Early 
Treatment Diabetic Retinopathy Study (ETDRS), in which 
the risk of vision loss (losing ≥15 letters) was shown to be 
halved among patients with clinically significant macular 
edema (CSME) in the focal photocoagulation group; however, 
similar benefits were absent in the non-CSME subgroup [6].

Corticosteroids

Prior to the approval of fluocinolone and dexamethasone for 
ocular use in 2012, triamcinolone had been commonly used 
for the treatment of DME. In the randomized, sham-controlled 
trial of dexamethasone intravitreal implant in patients with 
diabetic macular edema study (MEAD), trial subjects were 
randomized to receive dexamethasone implant 0.7 mg, dexa-
methasone implant 0.35 mg, or sham procedure [9]. After 
3 years of follow up, the percentage of patients with ≥15-letter 
improvement was greatest in the high-dose group [9]. Dexa-
methasone implant 0.7 mg thus became the standard treatment 
for the management of DME. However, treatment efficacy 
could be compromised by cataract formation, as visual acuity 
(VA) was noted to have decreased among dexamethasone-
treated patients after the first year of treatment, but remained 
consistent in the pseudophakic subgroup [9]. Moreover, the 
rate of intraocular pressure (IOP) increase requiring treatment 
was also significantly higher among the dexamethasone-
treated patients [9]. Therefore, albeit highly efficacious, the 
use of corticosteroids may be deterred by safety issues includ-
ing cataracts and IOP elevation.

Anti‑VEGF therapy

The role of anti-VEGF agents as the first-line therapy for 
DME has been consolidated by the well-established disease 
modifying effects of VEGF inhibition on DME [10, 11]. In 
the study of ranibizumab injection in subjects with clinically 
significant macular edema with center involvement second-
ary to diabetes mellitus study (RISE/RIDE study), trial par-
ticipants were randomized to receive ranibizumab 0.3 mg, 
ranibizumab 0.5 mg monthly injections, or monthly sham 
injections [12]. Compared with the sham control group, 
ranibizumab-treated patients gained significant visual 
improvements, peaking as early as 5-6 months after treatment 

[12]. Treatment responses to ranibizumab were durable and 
maintained for over 4.5 years, and were associated with cen-
tral foveal thickness reduction [13, 14]. Nonetheless, it is of 
note that delayed ranibizumab treatment may offer limited 
benefits, as seen with the crossover sham control group [13]. 
While patients in the 2 active treatment groups shared similar 
efficacy and safety profiles, the risk of stroke appeared to be 
slightly higher in the 0.5 mg treatment group [14]. In conse-
quence, 0.3 mg was the standard dose for ranibizumab treat-
ment approved by the Federal Drug Administration (FDA).

In the of intravitreal aflibercept injection in patients with 
diabetic macular edema (VIVID/VISTA) studies, patients 
were randomized to receive aflibercept 2 mg q4w, aflibercept 
2 mg q8w (after 5 monthly doses), or laser photocoagula-
tion [15]. Irrespective of dose, aflibercept-treated patients 
gained significantly greater visual improvement compared 
with the laser group [16]. The standard dose for aflibercept 
was determined to be 2 mg q8w (after 5 monthly doses). 
Furthermore, aflibercept significantly reduced central sub-
field thickness (CST) [16]. Visual improvement was less pro-
nounced among patients in the laser group who crossed over 
to receive aflibercept after week 100, which corroborates the 
preference of early treatment [16]. No outstanding safety 
concerns were reported in these trials [15, 16].

In Taiwan, while reimbursement is currently available for 
ranibizumab (Lucentis), aflibercept (Eylea), and dexameth-
asone intravitreal implant (Ozurdex), strict conditions are 
imposed on the eligibility criteria and treatment duration. A 
total of 8 lifetime anti-VEGF injections per eye are accepted 
for approved individuals. The 8 doses need to be fully 
expended within 5 years and switching is prohibited. Reim-
bursement for these 3 agents is restricted to patients with a 
decimal VA between 0.5 and 0.05, central retinal thickness 
(CRT) ≥300 µm, and hemoglobin A1C (HbA1C) <10%. While 
reimbursement decisions for the initial 5 doses are based on 
test results including best-corrected visual acuity (BCVA), 
fluorescein angiography (FA), optical coherence tomogra-
phy (OCT), color fundus, and HbA1C, only individuals with 
proven treatment benefits can be reimbursed for the remain-
ing 3 injections. To help deliver optimized care under lim-
ited healthcare resources, an expert panel was formed with 
the hope to develop local consensus for the management of 
DME. The facets of care covered in this article include treat-
ment goals, treatment options, initial treatment and assess-
ments, and follow-up schedule and criteria for assessment.

Methods

A panel meeting involving 12 experts was held on January 
5th, 2019 in Taipei. The ophthalmology experts were con-
vened to review current evidence and develop consensus 
recommendations for the management of DME. A total of 
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6 proposed statements and 1 management algorithm were 
formulated prior to the meeting, based on current guideline 
recommendations, local health care reimbursement poli-
cies, and treatment patterns. Each statement was discussed 
in depth, followed by a secret ballot. Consensus was consid-
ered to be reached when ≥70% experts voted in agreement. 
Re-iterations of discussion, statement modifications, and 
voting were carried out until the attainment of consensus.

Recommendations

The consensus recommendations for the management of 
DME are summarized below (Table 1).

Treatment goal

1. The treatment goal of DME is to achieve best visual outcome 
with edema improvement while minimizing treatment burden.

BCVA is designated as the primary endpoint in major pilot 
studies of the treatment agents for DME. For example, the pro-
portion of patients gaining >15 letters in BCVA from baseline 
was opted for the primary endpoint in the study of ranibizumab 

injection in subjects with clinically significant macular edema 
with center involvement secondary to DM (RISE/RIDE) [12] 
and randomized, sham-controlled trial of dexamethasone intra-
vitreal implant in patients with DME (MEAD) [9] studies, 
whereas the mean change in BCVA from baseline was selected 
as the primary endpoint in ranibizumab monotherapy or com-
bined with laser versus laser monotherapy for DME resolution 
(RESTORE) [17], VIVID/VISTA [15], DRCR.net Protocol 
I [18], as well as DRCR.net Protocol T [19] studies. In the 
clinical setting, however, VA improvements may be less accu-
rately portrayed, given that the Snellen, not the ETDRS chart, 
is the commonly used tool for VA testing. In some cases, VA 
improvement may be absent despite the resolution of macular 
edema. For these reasons, the experts recommend including 
improvements in edema as a treatment goal for DME.

Treatment options

2. Anti-VEGF therapy should be considered as the first -line treatment 
for patients with center-involving DME with vision loss.

Corticosteroids are important in our armamentarium of drugs
for treating DME patients, but largely on a second choice level.

Table 1   Consensus recommendations for DME management

CST: central subfield thickness; DME: diabetic macular edema; OCT: optical coherence tomography; VA: visual acuity; VEGF: vascular 
endothelial growth factor
1 Corticosteroids can be considered as the first choice in patients who have a history of major cardiovascular events, with pseudophakic or post-
vitrectomy eyes, with pregnancy, or patients who are not able to return for follow-up in the first 6 months
2 Non-responder: no improvement of VA (VA improvement <5 letters or one line) AND CST (CST ≥300 μm and reduction <20% from baseline)

Consensus Supporting data

Treatment goal
1. The treatment goal of DME is to achieve best visual outcome with edema improvement while minimizing 

treatment burden

MEAD [9]
RISE/RIDE [12]
RESTORE [17]
VIVID/VISTA [15]
DRCR.net Protocol I [18]
DRCR.net Protocol T [19]

Treatment options
2. Anti-VEGF therapy should be considered as the first-line treatment for patients with center-involving 

DME with vision loss
 Corticosteroids are important in our armamentarium of drugs for treating DME patients, but largely on a 

second choice level1
3. Baseline VA and CST should be taken into consideration when choosing anti-VEGF agent

DRCR.net Protocol I [18, 20, 21]
DRCR.net Protocol T [19, 23]

Initial treatment and assessment
4. Early intensive anti-VEGF therapy (at least 3 monthly doses) is important for patients’ VA and anatomical 

improvement.
5. In non-responders2 who have already been treated with 3-5 injections of anti-VEGF therapy, it is reason-

able to switch to other modalities, such as steroids

RISE/RIDE [12]
RESTORE [17]
VIVID/VISTA [15, 25]
DRCR.net Protocol I [18]
DRCR.net Protocol T [19]
DA VINCI [24]

Follow-up schedule and criteria for assessment
6. For the follow-up phase, the fixed or individualized dosing should be considered based on VA and OCT

RISE/RIDE [12]
VIVID/VISTA [15]
DRCR.net Protocol T [19]
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DRCR.net Protocol I shows that the prompt laser group 
had a gradual improvement in VA, whereas the triamci-
nolone + prompt laser group experienced a temporary gain 
in VA prior to cataract formation [18, 20, 21]. Despite sur-
gery, vision improvements in the latter group were very 
limited. The anti-VEGF group, on the other hand, had rapid 
(i.e. <3 months) and sustained improvements in VA [18, 20, 
21]. Based on the available evidence, the experts agreed that 
anti-VEGF therapy should be a first-line therapy for patients 
with center-involving DME with vision loss, in line with the 
published recommendations of Asian and Japanese experts 
[2, 11]. For patients with a history of major cardiovascu-
lar events, pseudophakic or post-vitrectomy eyes, who are 
pregnant, or are not able to return for follow up in the first 
6 months, experts agree that corticosteroids may be consid-
ered as a first choice of treatment [10, 11, 22].

3. Baseline VA and CST should be taken into consideration 
when choosing anti-VEGF agents.

In the Protocol T study, treatment with aflibercept was 
associated with greater VA improvement at 1 year among 
patients with poorer baseline VA (i.e. ≤0.4), as compared 
with treatment with ranibizumab or bevacizumab [19]. 
However, the level of improvement between aflibercept and 
ranibizumab at 2 years was comparable [23]. Nonetheless, 
the improvement in VA area under curve (AUC) over 2 years 
was significantly greater in the aflibercept group, compared 
with the other 2 treatment groups [23]. Among patients with 
mild VA loss at baseline, the amount of improvement was 
similar across the 3 groups [19, 23]. Of note, the study dose 
of ranibizumab was 0.3 mg, instead of 0.5 mg.

While VA loss has been central to DME treatment evalua-
tion, the value of CST should not be dismissed. For patients 
with poor VA but relatively thinner CST, the therapeutic 
effect of aflibercept might not exceed the other anti-VEGF 
agents. Subgroup analyses in the Protocol T study affirms 
that treatment with aflibercept was associated with greater 
VA improvement in patients with thicker CST (i.e. ≥400 μm) 
[19]. Therefore, in addition to baseline VA, the experts sug-
gest that CST should also be taken into account in the selec-
tion of first-line anti-VEGF therapy.

Initial treatment and assessment

4. Early intensive anti-VEGF therapy (at least 3 monthly doses)
is important for patients' VA and anatomical improvement.

A majority of the experts agree that early, intensified anti-
VEGF therapy is critical to VA and anatomical improvement. 

Most randomized clinical trials of DME treatment with anti-
VEGF also administer at least 3 monthly doses in the treat-
ment initiation phase [12, 15, 17–19]. As shown in the phase 
2 DME and VEGF Trap-Eye investigation of clinical impact 
(DA VINCI) study, the more intensive dosing regimen (i.e. 
2 mg q4w vs 2 mg q8w) after the 3 monthly loading dose was 
associated with greater numerical improvements in BCVA 
and CRT [24]. In consequence, subsequent studies such as 
VIVID/VISTA opted for a loading dose of 5 injections [15], 
and a post hoc analysis of these studies revealed a continu-
ous improvement in functional and anatomic responses fol-
lowing the 4th and 5th loading injections [25]. Similarly, a 
decreasing trend in the percentage of eyes with persistent 
DME over 24 weeks (after 3-6 consecutive monthly injec-
tions) was exhibited in a secondary analysis of Protocol T 
[26]. Although most trials recommend an initial loading 
dose of anti-VEGF injections, there is evidence suggesting 
some eyes with DME did well and maintained stable VA 
at 1 year with a pro re nata (PRN) treatment starting at the 
first month [27]. In Taiwan, a total of 8 lifetime anti-VEGF 
injections per eye are reimbursed for eligible patients, and 
can be applied in two separate phases (e.g. 5 in phase 1 and 
3 in phase 2). In practice, Taiwanese physicians generally 
initiate an early-intense treatment (i.e. 3-5 initial loading 
injections) to increase patient awareness. In addition, the pre-
scheduled series of initial treatments also enhances patients’ 
adherence and compliance. To reserve room for professional 
judgment and treatment flexibility, and conforming to the 
routine practice pattern in Taiwan, experts suggest giving at 
least 3 loading doses as initial treatment. Of note, the 5-year 
results from Protocol I demonstrate that the initial vision 
gains at 1 year were maintained in most eyes treated with 
ranibizumab + prompt/deferred laser throughout the 5-year 
period and no more than a median of 2 injections per year 
were required after the second year [21]. These findings sug-
gest that disease burden may be considerably relieved after 
2 years of intensive treatment and close monitoring.

5. In non-responders who have already been treated with 3-5 injections
of anti-VEGF therapy, it is reasonable to switch to other modalities, 

such as steroids.

Changes in VA and/or retinal thickness after three con-
secutive injections are used as primary benchmarks for 
evaluating anti-VEGF treatment responses [28–30]. For 
example, specific criteria such as failing to gain >5 letters 
after 3 monthly injections [28] and CST ≥290 μm for women 
and ≥305 μm for men in Zeiss Cirrus [30], are used to deter-
mine poor responses. Having reviewed the relevant publi-
cations, the panel concurred that the term ‘non-responders’ 
throughout these recommendations should pertain to eyes 
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without improvement in VA (VA improvement <5 letters or 
one line) as well as CST (CST ≥300 μm and reduction <20% 
from baseline). Responders are eyes obtaining VA improve-
ment >5 letters or one line from the baseline and having a 
CST <300 μm. Individuals who fail to meet either of the 
criteria are categorized as inadequate responders. Based on 
the European Society of Retina Specialists (EURETINA) 
recommendations [10, 11] and local clinical experience, the 
experts agreed that other treatments should be sought if VA 
and CST remain unimproved after 3-5 injections. Subsequent 
treatment choices should not be confined to corticosteroid, 

since a variety of treatment modalities are available, includ-
ing combining laser or vitrectomy [11].

Follow‑up schedule and criteria for assessment

6. For the follow-up phase, the fixed or individualized dosing
should be considered based on VA and OCT.

Fig. 1   Treatment algorithm for center-involving DME. 1Corticoster-
oids can be considered as the first choice in patients who have a his-
tory of major cardiovascular events, with pseudophakic or post-vit-
rectomy eyes, with pregnancy, or patients who are not able to return 
for follow-up in the first 6  months. 2Anti-VEGF therapy should be 
considered as the first-line treatment; baseline VA and CST should 
be taken into consideration when choosing anti-VEGF agents. 3Early 
intensive anti-VEGF therapy (at least 3 monthly doses) is important 
for patients’ VA and anatomical improvement. 4Non-responder: No 
improvement of VA (VA improvement <5 letters or one line) AND 

CST (CST ≥300 μm and reduction <20% from baseline). 5Responder: 
VA improvement >5 letters or one line from the baseline AND 
CST <300  μm. 6In non-responders who have already been treated 
with 3–5 injections of anti-VEGF therapy, it is reasonable to switch 
to other modalities, such as steroids. 7For the follow-up phase, the 
fixed or individualized dosing should be considered based on VA and 
OCT. CST: central subfield thickness; DME: diabetic macular edema; 
FA, fluorescein angiography; FU, follow-up; OCT: optical coherence 
tomography; VA: visual acuity; VEGF: vascular endothelial growth 
factor
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Considering the design of the currently available trials [13, 
15, 18] and the all-inclusive nature of this statement, the 
experts did not voice any disagreements. However, the pre-
ferred follow-up strategies varied. Under the current medical 
care in Taiwan, 6 (55%), of the experts showed preference 
for PRN, 4 (36%) for Treat-and-Extend (T&E), and 1 (9%) 
for others.

An algorithm for center-involving DME management 
under the initial and follow-up phases was formulated 
(Fig. 1). For patients with center-involving DME with vision 
loss, laser should be reserved as a rescue treatment, instead 
of a primary treatment option. Given that the mean changes 
in VA and CST at 2 years in patients with good initial VA 
(i.e. 20/25 or better) were not significantly different between 
patients who were initially managed with aflibercept and 
those in the laser or observation arm who received afliber-
cept upon the worsening of VA [31], anti-VEGF or observa-
tion is recommended for patients with baseline VA greater 
than 0.5.

Conclusions

DME is the most frequent cause of vision impairment among 
patients with diabetes and it may substantially compromise 
patients’ quality of life. Moreover, the need for proper man-
agement is accentuated by the steadily rising prevalence of 
DM. Despite the fact that DME management has substan-
tially improved over time, collective efforts of clinicians, 
health care authorities, and pharmaceutical industry are 
required to provide patients with highly efficacious and cost-
effective treatments. The present document was developed 
through a careful scrutiny of the published and clinical evi-
dence, and with the intention to support the ophthalmolo-
gists in Taiwan with the latest practical guidance for DME 
treatment. Nevertheless, the recommendations in this article 
may be subject to or require updates, to remain in adherence 
to the latest trial results and local public health programs.
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