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Abstract
Diabetic retinopathy is a frequent cause of visual impairment in working-age adults (C 30 years) and in Japan is most

commonly observed in those aged 50–69 years. Diabetic macular edema (DME) is one of the main causes of vision

disturbance in diabetic retinopathy, which is a clinically significant microvascular complication of diabetes. Anti-vascular

endothelial growth factor (VEGF) therapy is becoming the mainstay of treatment for DME. However, to achieve sustained

long-term improvement in visual acuity, conventional laser photocoagulation, vitrectomy and steroid therapy are also

expected to play a role in the treatment of DME. This review summarizes the epidemiology and pathology of diabetic

retinopathy and DME, evaluates the findings regarding the diagnosis and treatment of DME, and underscores the

importance of systemic management of the disease in the context of the current health care situation in Japan. Finally, the

unmet needs of patients with DME and prospects for research are discussed. The weight of evidence suggests that it is

important to establish a multipronged treatment strategy centered on anti-VEGF therapy.
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Introduction

The numbers of patients with diabetes is rapidly increasing

worldwide. The International Diabetes Federation esti-

mated that 415 million adults had diabetes in 2015 and that

642 million adults will have the disease by 2040 [1].

Diabetic macular edema (DME) is a clinically significant

microvascular complication of diabetes associated with

diabetic retinopathy. DME can occur at any stage of dia-

betic retinopathy, and is a major cause of impaired vision

in patients with diabetes [2]. Therefore, appropriate man-

agement of this disorder is important [2–4].

In recent years, the treatment of DME has changed greatly

with the advent of anti-vascular endothelial growth factor

(VEGF) agents [5]. Large clinical studies demonstrate that

the effects of anti-VEGF therapy (alone or in combination

with laser photocoagulation) on DME are functionally and

anatomically superior to those of conventional laser photo-

coagulation (alone or in combination with steroids) [6–10].

Use of anti-VEGF agents as a treatment for DME is currently

increasing throughout the world [11], and is recommended as
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first-line therapy for center-involving DME, which is a

leading cause of vision impairment [12, 13]. A recent survey

in Italy found a clear consensus among DME experts on the

appropriateness of medical intervention regardless of the

status of visual acuity and center involvement, except when

DME is predominantly tractional [14].

In 2015, retinal experts in Japan were surveyed to assess

current real-world clinical practice in the diagnosis and

treatment of DME, including use of anti-VEGF therapy

[15]. According to this survey, there were discrepancies

between some of the evidence-based literature and actual

clinical practice patterns [15]. In this paper, we summarize

the important findings within the literature on DME and

discuss the future prospects and unmet needs concerning

clinical management of DME in Japan.

Epidemiology and pathogenesis of DME

Epidemiology in the world and Japan

Although the incidence of diabetic retinopathy and visual

impairment has been decreasing with advances in diabetes

care [4], the number of patients with diabetes continues to

grow worldwide [1]. As a result, visual impairment asso-

ciated with diabetes remains a major challenge. A meta-

analysis of studies of the global prevalence of and major

risk factors for diabetic retinopathy in 2012 estimated that

approximately 35.4% of individuals with diabetes had one

type of diabetic retinopathy, 7.2% had proliferative dia-

betic retinopathy, 7.5% had DME, and 11.7% had vision-

threatening diabetic retinopathy (proliferative diabetic

retinopathy and/or DME) [16]. Further, the quality of life

in patients with diabetic retinopathy is markedly dimin-

ished in the vision-threatening stages [17].

The reported prevalence of diabetic retinopathy in

patients with diabetes in Japan ranges from 15 to 23%

[18, 19]. A Japanese survey conducted in 2007–2010 iden-

tified glaucoma as the most common cause of visual

impairment, followed by diabetic retinopathy [20]; this is

consistent with a previous report for 2001–2004. The pro-

portion of patients with visual impairment attributable to

diabetic retinopathy increases from the age of 30 years

onward and becomes predominant in those aged 50–69 years

(Fig. 1) [20]. Therefore, diabetic retinopathy is a condition

with a major impact in working-age adults.

Pathogenesis

Hyperglycemia in diabetes triggers a cascade of events

affecting the eye, including impairment of retinal blood

flow, loss of endothelial cells and pericytes, formation of

microaneurysms, and breakdown of the blood-retinal

barrier. These events cause retinal ischemia and increased

vascular permeability, leading in turn to increased pro-

duction of VEGF, neovascularization, and/or macular

edema (Fig. 2) [3, 4, 21]. The intraocular concentration of

VEGF is higher in patients with diabetic retinopathy than

in those without the condition [22–24]. Further, concen-

trations of VEGF, placental growth factor, and various

inflammatory cytokines, including interleukin (IL)-6, IL-8,

and monocyte chemoattractant protein-1, are shown to be

higher in the vitreous fluid and aqueous humor in patients

with DME [25–28]; a correlation has been demonstrated
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Fig. 1 Estimated number of newly registered persons with visual

impairment caused by the top four diseases between April 2007 and

March 2010 in Japan. Diabetic retinopathy was frequently observed in

working-age adults (C 30 years) and most commonly observed as a

cause of visual impairment in adults aged 50–69 years. Reproduced

from Wako et al. [20]
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Fig. 2 Summary of the pathology of diabetic retinopathy resulting

from retinal blood flow/vascular impairment due to hyperglycemia.

Cytokines such as VEGF as well as the change in capillary structure

due to loss of vascular endothelial cells or pericytes are associated

with a breakdown of the blood-retinal barrier, leading to diabetic

retinopathy. VEGF expression is increased by retinal ischemia

[3, 4, 21]. Abbreviation: VEGF vascular endothelial growth factor
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between aqueous levels of VEGF and IL-6 and the severity

of DME [25].

VEGF is a cytokine with a key role in the breakdown of

the blood-retinal barrier and development of macular

edema [29–31]. A study in non-human primates demon-

strates that intravitreal injections of VEGF at 3-day inter-

vals for 15 days was associated with retinal changes

similar to those seen in diabetic retinopathy, i.e., dilation or

tortuosity of vessels, tortuosity, areas of capillary non-

perfusion, and microaneurysmal-like structures [32].

Intraocular injection of ranibizumab, a humanized anti-

VEGF monoclonal antibody Fab fragment that binds to

VEGF-A, significantly decreases central retinal thickness

and improves visual acuity in patients with DME [33].

VEGF is known to induce migration of macrophage lin-

eage cells via VEGF receptor-1 expressed on these cells,

leading to production of inflammatory cytokines such as

IL-6 [34]. Thus, VEGF plays multiple important and

complex roles in the pathogenesis of diabetic retinopathy

and DME in humans [2, 4].

Previous research suggests that the consensus among

retinal experts in Japan is that levels of inflammatory

cytokines in the eye start to increase early in the devel-

opment of diabetic retinopathy and that the primary

pathological mechanism involved in the development of

DME is an increase in vascular permeability in response to

elevated VEGF-A levels early in the course of diabetes

[15].

Perspectives

Epidemiology: The worldwide prevalence of diabetes is

increasing. Accordingly, the number of patients with dia-

betic retinopathy and DME is also assumed to be increas-

ing. The prevalence of diabetes is particularly high in the

elderly Japanese population. To prevent vision loss or

visual field disorders in patients with diabetes, we need to

identify the characteristics of patients with diabetic

retinopathy/DME and use the findings to promote early

diagnosis and treatment.

Pathology: VEGF is the most important factor in the

pathology of diabetic retinopathy and DME. With pro-

gression in research on diabetic retinopathy and DME,

additional culprit molecules will be identified and path-

ways in the pathogenesis of these disorders revealed. We

have identified some molecules other than VEGF as ther-

apeutic targets [2, 35]. We believe that development of

therapies targeting these molecules will have benefits for

patients.

Importance of systemic management in DME

Glycemic control

The association between diabetic retinopathy and glycemic

control was assessed in four pivotal studies. The Diabetes

Control and Complications Trial [36] in patients with type

1 diabetes and the UK Prospective Diabetes Study

(UKPDS) [37], Action to Control Cardiovascular Risk in

Diabetes (ACCORD) [38], and Action to Control Cardio-

vascular Risk in Diabetes Follow-On (ACCORDION)

studies [39] in patients with type 2 diabetes demonstrate

that better control of glycated hemoglobin (HbA1c) levels

might contribute to a lower risk of diabetic retinopathy. In

all of these studies, intensive glycemic control was more

effective in preventing the development and progression of

diabetic retinopathy than conventional treatment. Further,

the Diabetes Control and Complications Trial demonstrates

that higher HbA1c values are associated with a greater risk

of progression to diabetic retinopathy over time in patients

receiving conventional antihyperglycemic therapy [40].

Similarly, the Kumamoto study in Japanese patients

with type 2 diabetes reports that intensive glycemic control

could delay the onset and progression of diabetic

retinopathy, indicating glycemic thresholds to be

HbA1c\ 6.9%, fasting blood glucose concentration

\ 110 mg/dL, and 2-h post-prandial blood glucose con-

centration \ 180 mg/dL [41]. In the Japan Diabetes

Complications Study (JDCS), a higher HbA1c or a longer

duration of diabetes is associated with a higher incidence

and progression rate of diabetic retinopathy [42]. In addi-

tion, a study of patients with younger-onset type 1 diabetes

in Japan shows that the set of mean HbA1c values covering

the entire duration of diabetes has a substantial capacity to

predict retinopathy at 20 years after onset of the disease

[43]. The 2013 Kumamoto Declaration defined a target

HbA1c of\ 7.0% for prevention of the complications of

diabetes in the Japanese population.

A meta-analysis of 35 studies of DME from around the

world reveals that the age-standardized prevalence of DME

in both type 1 and type 2 diabetes was higher in patients

with HbA1c C 7.1% than in those with levels B 7.0% and

in patients with a diabetes duration C 10 years relative to

those with a duration \ 10 years [16]. In addition, a US

study shows that higher HbA1c (per 1% point) or having

had diabetes for C 10 years was significantly associated

with a higher risk of DME [44]. Therefore, hyperglycemia

and a prolonged duration of diabetes are risk factors not

only for diabetic retinopathy but also for the development

of DME.
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Blood pressure and lipid control

The effect of blood pressure control on diabetic retinopathy

was evaluated in UKPDS 38, which shows that patients

with type 2 diabetes assigned to tight blood pressure con-

trol had a 37% reduction in risk of microvascular disease,

including retinopathy [45]. In a meta-analysis of studies

investigating the effects of blood pressure control on car-

diovascular events published in 2016, intensive blood

pressure control tended to decrease the risk of progression

of retinopathy in patients with diabetes [46]. However, a

recent Cochrane review reveals no significant effects of

blood pressure control on progression to proliferative dia-

betic retinopathy or on clinically significant macular edema

during 4–5 years of follow-up [47].

In the Fenofibrate Intervention and Event Lowering in

Diabetes (FIELD) study, administration of the lipid-low-

ering agent Fenofibrate significantly reduced the cumula-

tive risks of retinopathy, proliferative diabetic retinopathy

and DME requiring laser therapy in patients with type 2

diabetes, although there were no clinically relevant dif-

ferences in serum lipid parameters between the Fenofibrate

group and the placebo group at the end of the study [48].

However, the Wisconsin Epidemiologic Study of Diabetic

Retinopathy, which evaluated the effects of lipid control in

patients with type 1 diabetes over a period of 30 years,

reveals no significant association between the incidence of

proliferative diabetic retinopathy and/or DME and total

cholesterol and high-density lipoprotein cholesterol levels,

but does show an association with HbA1c [49]. In addition,

a recent systematic review of the association between

dyslipidemia and DME shows that lipid-lowering therapy

did not reduce the risk of progression of hard exudates in

DME or the severity of DME [50]. Despite evidence from

cohort studies and a meta-analysis of case–control studies

suggesting a strong relationship between lipid levels and

DME, this was not confirmed by the meta-analysis, which

included only prospective randomized controlled trials.

Yet, when patients with hard macular exudates were

compared with those with regressed macular exudates,

serum cholesterol, especially low-density lipoprotein

cholesterol, was associated with the hard macular exudates

[51]. Therefore, lipid-lowering therapy may need to be

considered in the management of DME.

Hypertension and hyperlipidemia are possible risk fac-

tors in the development and progression of diabetic

retinopathy. However, their association with DME is

unclear, and further investigation is required. Nevertheless,

given the known cardiovascular complications of diabetes,

control of blood pressure and lipids are clearly important,

and optimal management is required.

Renal function

Renal disease is associated with an increased likelihood of

worsening diabetic retinopathy [52]. In a retrospective

study from the US that involved more than 4000 patients

with non-proliferative diabetic retinopathy, the presence of

nephropathy increased the risk of progression to prolifer-

ative diabetic retinopathy by 29% (hazard ratio 1.29 [95%

confidence interval 0.99–1.67]) [53]. Although one study

reports finding no significant differences in systemic fac-

tors between ranibizumab-treated patients and sham-trea-

ted patients [54], multivariate analysis of the sham-treated

patients in the Phase III (RISE/RIDE) studies of ranibizu-

mab indicates that a history of renal disease was a signif-

icant predictor of poor visual outcome (best-corrected

visual acuity [BCVA] of 20/100 or worse) [55]. In addition,

the proportion of patients with severe renal dysfunction

(estimated glomerular filtration rate \ 30 mL/min/

1.73 m2) was higher in patients who underwent bilateral

vitrectomy than in those who underwent unilateral vitrec-

tomy [56]. In some patients with nephrotic syndrome,

treatment of diabetes and nephropathy markedly improved

weight, visual acuity, and central retinal thickness [57].

Therefore, management of nephropathy is essential in the

treatment of DME.

Perspectives

Close collaboration between physicians and ophthalmolo-

gists is imperative in the management of patients with

diabetic retinopathy and DME. To ensure early diagnosis

and treatment all diabetic patients should be screened for

diabetic retinopathy. Control of blood pressure, serum

lipids, and renal function are all important treatments

aimed at prevention of visual impairment associated with

diabetic retinopathy and DME. However, the most impor-

tant intervention is the management of blood glucose

levels. Intensive follow-up is also required in these patients

to prevent premature discontinuation of treatment.

Two diabetes management and communication tools

targeting patients are available in Japan. One is the ‘‘Dia-

betes Coordination Notebook’’ issued by the Japan Asso-

ciation for Diabetes Education and Care for use by patients

with diabetes and their health care providers, including

ophthalmologists and dentists. The other is the ‘‘Diabetic

Eye Notebook’’, an educational tool outlining the ocular

complications of diabetes issued by the Japanese Society of

Ophthalmic Diabetology to facilitate sharing of patients’

ophthalmic information. Both patients and health care

providers are urged to use these notebooks to support

cooperation among physicians and ophthalmologists.
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Diagnosis of DME and interventional
decision-making

Diagnosis and classifications

Fundus examination, optical coherence tomography

(OCT), and fluorescein angiography (FA) are routinely

used to diagnose DME in clinical practice. OCT in par-

ticular has become an essential tool in the era of anti-VEGF

therapy [58–60].

Fundus examination is used mainly to detect the pres-

ence or absence of retinal thickening and/or hard exudates,

and if present, to identify the locations affected [61]. OCT

provides a quantitative assessment of macular thickness

and a qualitative assessment of the location of edema and is

useful for determining whether the macular edema involves

the fovea [58, 59, 62]. FA is useful for identifying the sites

of blood vessel leakage associated with edema and for

monitoring specific patterns of leakage [58].

DME can be classified as focal or diffuse (Fig. 3). The

characteristics of focal macular edema are: (1) location

outside the foveal center with or without center involve-

ment (Fig. 3a); (2) asymmetric increases in retinal thick-

ness on B-scan OCT (Fig. 3c); and (3) accumulation of

pin-point leakage in the early phase (Fig. 3e). The char-

acteristics of diffuse macular edema are: (1) increased

retinal thickness with center involvement on the macular

thickness map (Fig. 3b); (2) symmetrically increased reti-

nal thickness on B-scan OCT (Fig. 3d); and (3) fluorescein

leakage starting from early phase and continuously

increasing to late phase (Fig. 3f).

Based on OCT findings, DME can be classified as

sponge-like retinal swelling, cystoid macular edema, or

serous retinal detachment [63]. The Early Treatment Dia-

betic Retinopathy Study (ETDRS) has also defined clini-

cally significant macular edema (CSME) as DME

amenable to photocoagulation based on fundus examina-

tion [61]. In Japan, classification of DME as focal or dif-

fuse is most commonly used to determine therapeutic

strategies. Center-involved DME, as defined by the Dia-

betic Retinopathy Clinical Research Network (DRCR.net),

is also widely recognized by examination using OCT

[64, 65]. Central subfield retinal thickness is another indi-

cator that can be evaluated by OCT. It should be noted that

the definition of ‘‘central retinal thickness’’ may vary

depending on the model of the OCT machine and the set-

tings used (e.g., central retinal subfield thickness, thickness

within 1 mm of the fovea, or foveal thickness). DRCR.net

has some possible definitions [65], but a general consensus

regarding these terms is yet to be reached.

Recently, hyperreflective foci seen in DME have been

identified on OCT [66], and seem to be a precursor of hard

exudates. The presence of hyperreflective foci in the outer

retina is reported to be closely associated with disruption of

Fig. 3 Focal and diffuse DME

observed with an OCT macular

thickness map, an OCT B-scan,

and fluorescein angiography.

The OCT macular thickness

map is delineated with white

([ 500 lm) or red

(400–500 lm) color. Focal

edema is restricted in one or two

quadrants (a) whereas diffuse

edema lies in four quadrants (b).

The OCT B-scan image

confirms thickening of the retina

corresponding to white or red

colored areas that indicates

thickening of the retina in the

OCT macular thickness map in

c focal DME and d diffuse

DME. Fluorescein angiography

shows a cluster of leakage

points corresponding to the

areas colored in white or red.

Foveal leakage is usually

minimal in focal DME (203500)
(e) but prominent in diffuse

DME (105100) (f). DME diabetic

macular edema, OCT optical

coherence tomography
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the external limiting membrane and the junction between

the inner and outer segment (IS/OS) line on spectral-do-

main (SD)-OCT images and with decreased visual acuity in

DME [67].

The number of hyperreflective foci seen in the outer

retinal layer on SD-OCT is reported as related to the final

visual acuity in eyes with DME after bevacizumab injec-

tion [68]. A relationship between a disrupted outer layer on

SD-OCT images and the visual prognosis after microinci-

sion vitrectomy for proliferative diabetic retinopathy is also

reported [69].

In a survey of retinal experts in Japan, all respondents

reported using OCT and approximately 70% reported using

three modalities (fundus examination, OCT, and FA) to

diagnose DME. Most experts consider OCT to be the most

important modality for therapeutic decision-making and

use central retinal thickness and the OCT retinal map as the

determining parameters [15]. FA, especially ultra-widefield

FA of the whole retina in addition to the macular area, is

useful for distinguishing focal from diffuse macular edema

and for evaluating the severity of diabetic retinopathy and

ischemia [58, 70]. Areas of peripheral non-perfusion are

detected well by ultra-widefield FA, but their relationship

with DME is variable [71–73].

Structural OCT can distinguish between the type and

degree of DME but cannot assess capillary leakage or non-

perfusion areas dotting the entire macular retina (Fig. 3). A

new imaging technique known as OCT angiography can

visualize the retinal vasculature without dye injection

(Fig. 4). Vascular images on Swept Source (SS)-OCT are

more detailed than on Spectral Domain (SD)-OCT with the

image of pooling hyper viscous material (Fig. 5). It also

provides a separate layer of the vascular plexus. For

example, microaneurysms located in the deep capillary

plexus can be visualized and assessed for their relationship

with DME [74]. Combination of en-face and B-scan flow

images clarifies the depth of the microaneurysms (Fig. 6).

Although this technique has some limitations that are yet to

be overcome, including the limited range of the visual field

covered, segmentation errors, inability to detect leakage

points and motion and projection artifacts [75], it holds

promise for the evaluation of microvascular abnormalities

in the retina that are potentially associated with DME

[76, 77].

Determining therapeutic interventions

Most of the landmark clinical studies of anti-VEGF agents

[6–10, 78] were performed in patients with visual acuity of

Fig. 4 Multimodal imaging of diabetic retinopathy with macular

edema. a Trimmed fundus photograph from ultra-widefield fundus

photograph, b fluorescein angiography, c structural optical coherence

tomography, d a single shot (12 mm 9 12 mm), and e composite

swept-source optical coherence tomographic angiography at the

initial visit in the right eye of a 50 year-old man with diabetic macular

edema

6 H. Terasaki et al.

123



20/32 to 20/320. When deciding on an appropriate thera-

peutic intervention in everyday clinical practice, experts

are likely to consider visual acuity to be more important

than retinal thickness [15].

Most of the patients in the aforementioned clinical

studies [6–10, 78] had a central retinal thickness C 300 lm

(SD-OCT equivalent). However, there is no consensus on

the threshold of retinal thickness warranting therapeutic

intervention for center-involved macular edema. In a

recently reported meta-analysis of 10 studies that assessed

the diagnostic accuracy of OCT, including time-domain

OCT, the median central retinal thickness cut-off was 250

(range 230–300) lm [79]. Retinal thickness in patients with

CSME is reported to range between 300 and 600 lm, or

more [79]. It should be noted that the retinal thickness at

baseline can vary according to the OCT model used and

patient background factors, such as sex and the presence of

myopia and glaucoma.

When selecting a therapeutic intervention, some oph-

thalmologists are now more likely to take into account the

type of macular edema seen on OCT than absolute retinal

thickness. This is because of the recent findings of a greater

reduction in macular retinal thickness and improvement in

visual acuity after intravitreal steroid injection in eyes with

cystoid macular edema as compared with eyes afflicted

with other types of DME as well as the observation that

intravitreal injection of bevacizumab is the most effective

treatment for sponge-like retinal swelling [80, 81]. It was

also found in the post hoc analysis of the RISE/RIDE

studies that patients with subretinal fluid had good visual

outcomes following ranibizumab injections [55]. The

impact of intraretinal cysts on BCVA was not significant in

Fig. 5 Fluorescein angiography and vascular imaging of the super-

ficial vascular plexus by spectral-domain OCT and swept-source OCT

(3 mm 9 3 mm). On fluorescein angiography, microaneurysms are

visible as hyper-fluorescein dots. On both types of OCT angiography,

club stick-like dilated capillaries in the capillary network are well

documented. On swept-source OCT angiography, more precise

vascular images with round and relatively dark hyperfluorescein

plaques (arrow) are detected, which might reflect pooling of

hyperviscous material in the retina. OCT optical coherence

tomography

Fig. 6 En face image and

B-scan of swept-source optical

coherence tomographic

angiography in an eye with

diabetic macular edema. Arrows

indicate a large microaneurysm.

A B-scan (right) at the blue line

of the en face image (left) shows

a large area of blood flow in a

dilated superficial capillary

(microaneurysm)
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patients treated with ranibizumab but was significant in

those who received sham injections [55]. However, in

clinical practice in Japan, most ophthalmologists would not

switch therapeutic agents on the basis of the morphological

characteristics of center-involved diffuse DME [15].

Perspectives

OCT is essential both for the diagnosis of DME and

decision-making regarding therapeutic interventions.

Recently, there have been remarkable advances in the

diagnostic equipment available, and newer technologies

such as OCT angiography are expected to be used exten-

sively in the future. However, conventional FA continues

to be important for staging of retinopathy. Ultra-wide field

FA in particular can demonstrate the extreme peripheral

vascular changes associated with intractable DME and the

target of scatter photocoagulation. Further research con-

cerning selection of therapeutic agents according to type of

DME and anatomical findings is needed. More studies are

also needed to determine how other information, such as

the structure of the retinal layer and the location of

hyperreflective foci on OCT, and the presence or absence

of hard exudates on fundus photographs, influences treat-

ment decisions and outcome. Standardized parameters

based on comprehensive assessment of visual acuity and

retinal thickness, and other parameters such as retinal

sensitivity on microperimetry, are required for evaluation

of DME and decision-making regarding therapeutic

interventions.

Anti-VEGF agents for DME

The advent of anti-VEGF agents has greatly changed the

treatment of DME [5]. Laser photocoagulation became an

established treatment for DME in the 1980s [61], vitrec-

tomy was introduced during the 1990s [82, 83], and med-

ical therapy (consisting mainly of the steroid triamcinolone

acetonide) has been used since 2000 [84]. The anti-VEGF

agents were added to the arsenal for DME in around 2006,

starting with the off-label use of bevacizumab [65]. Since

then, ranibizumab has been approved worldwide (in Eur-

ope in 2011 [85], the US in 2012 [86], and Japan in 2014

[87]), as has aflibercept (in Europe, the US, and Japan in

2014 [88–90]). Anti-VEGF therapy is now widely con-

sidered to be the gold standard treatment for DME.

Anti-VEGF agents

Bevacizumab, ranibizumab, and aflibercept have unique

structures and characteristics (Fig. 7) [91–95]. Bevacizumab

Enhanced 
affinity

Two molecules of 
ranibizumab can bind 

to a VEGF dimer

Bevacizumab Ranibizumab Aflibercept

Structure Humanized IgG 
monoclonal an�body

Fab fragment of 
humanized IgG 
monoclonal an�body

2nd Ig domain of VEGFR1  
and 3rd Ig domain of 
VEGFR2 fused to the Fc 
por�on of human IgG1

Size (kDa) 149 48 115

Target VEGF-A VEGF-A VEGF-A, VEGF-B, PlGF, 
Galec�n-1

KD for VEGF-A165 (pM) 58 46 0.490

Intravitreal half-life 
(days)

6.7-10 7.1 9 (es�mate)

Reference [91, 94, 95] [92, 94, 95] [35, 93–95]

Fig. 7 Structure and characteristics of anti-VEGF agents, including bevacizumab [91, 94, 95], ranibizumab [92, 94, 95], and aflibercept

[35, 93–95]. VEGF vascular endothelial growth factor, VEGFR vascular endothelial growth factor receptor, PlGF placental growth factor
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is a humanized anti-VEGF monoclonal antibody [91], rani-

bizumab is a humanized anti-VEGF monoclonal antibody

Fab fragment with no Fc portion [92], and aflibercept is a

fusion glycoprotein consisting of extracellular domains of

VEGF receptors 1 and 2 and the Fc domain of human

immunoglobulin [93]. Bevacizumab and ranibizumab can

bind to VEGF-A and aflibercept can bind to VEGF-A,

VEGF-B, placental growth factor, and Galectin-1 [35, 94].

The systemic half-life of these agents varies depending on

the presence or absence of Fc fragments in their molecules;

however, the intravitreal half-life is reported to be

6.7–10 days for bevacizumab, 7.1 days for ranibizumab, and

approximately 9 days for aflibercept [95].

The efficacy and safety of these three anti-VEGF agents

in patients with DME have been evaluated in clinical

studies [6–10, 78, 96], and all are incorporated into the

recommendations and guidelines for the treatment of DME

[12–14, 58].

Efficacy

Bevacizumab, ranibizumab, and aflibercept significantly

improve visual acuity and reduce retinal thickness in

patients with DME (Table 1) [6–10, 78]. The post hoc

analyses of the RISE/RIDE studies report that ranibizumab

improved the visual outcome in patients with poor visual

prognostic factors, such as subretinal fluid, intraretinal

cysts, severe retinal thickening, or a history of renal disease

[55].

Previous large-scale clinical studies of anti-VEGF

agents for DME have mainly included patients with a

visual acuity of 20/32 or worse [6–10]. The Protocol T

study conducted by DRCR.net demonstrated the effec-

tiveness of anti-VEGF agents in patients with visual

acuity of 20/32–20/40 [78], but did not evaluate their

effectiveness in patients with good visual acuity (20/25 or

better). Since publication of the results of the recent

survey of retinal experts in Japan [15], which suggests

that patients with DME and good visual acuity might

benefit from anti-VEGF therapy, DRCR.net has embarked

on a study of anti-VEGF therapy in patients with center-

involved DME and visual acuity of 20/25 or better [97].

This study has three treatment arms: a prompt intravitreal

anti-VEGF (aflibercept) group, a prompt focal (di-

rect)/grid photocoagulation (? deferred anti-VEGF)

group, and an observation (? deferred anti-VEGF) group.

The primary efficacy endpoint is the percentage of eyes

that have lost at least 5 letters of visual acuity in 2 years

[97].

There has been a suggestion that anti-VEGF agents

could play a role in the treatment of diabetic retinopathy.

The exploratory analysis of the RISE/RIDE studies showed

that treatment with ranibizumab for 12–36 months

decreased the severity of diabetic retinopathy and pre-

vented progression to proliferative diabetic retinopathy

[98]. In the VIVID/VISTA studies, a significantly greater

proportion of patients in the aflibercept group showed an

improvement of at least 2 steps on the ETDRS Diabetic

Retinopathy Severity Scale when compared with the pho-

tocoagulation group at weeks 52 and 100, suggesting that

aflibercept may help to prevent progression of diabetic

retinopathy [9, 99].

The recently reported longer-term studies of anti-VEGF

therapy show that visual acuity gained by year 1 was

maintained at year 3 or 5 [100, 101]. This durable effect

would be valuable in the treatment of a chronic disease like

DME. These studies also report a decrease in the frequency

of injections during the 5-year study period. At the end of

the 2-year RESTORE extension study, patients who were

switched to anti-VEGF therapy had the same degree of

improvement in visual acuity as those who had received

anti-VEGF therapy during the core study and continued

treatment [100]. However, Bressler et al. report that the

patients in their long-term study who crossed over to anti-

VEGF therapy did not show the same degree of improve-

ment in visual acuity as those who started on anti-VEGF

therapy [102].

Post hoc analyses have been performed to identify

patients who would benefit from anti-VEGF agents

[54, 103]. It appears that anti-VEGF therapy might have

benefits in patients with early DME, and interestingly this

effect seems to be independent of control of blood pressure

and blood sugar levels.

Safety

The safety profiles of the anti-VEGF agents in patients

with DME are generally favorable [5]. The incidence of

endophthalmitis in the Phase III studies of ranibizumab

was approximately 1% [6–8]. There were no reports of

endophthalmitis in the Phase III studies of aflibercept

(VIVID/VISTA) [9]. In the RISE/RIDE studies of rani-

bizumab, death and stroke were more common in the

0.5 mg group than in the 0.3 mg group [7]. Meanwhile,

in the DRCR.net Protocol I study, the cardiovascular and

cerebrovascular event rates in the ranibizumab

(0.5 mg ? prompt or deferred laser) group were lower

than in the sham (? prompt laser) group [10]. A further

indirect analysis comparing aflibercept (five 2-mg

injections every 4 weeks followed by 2-mg injections

every 8 weeks) with ranibizumab (0.5 mg PRN) in eyes

with center-involved DME reported no significant dif-

ference in safety outcomes between the two agents,

including for ocular/non-ocular adverse events and all-

cause mortality [104]. In the meta-analysis of the RISE/

RIDE and VIVID/VISTA studies, a higher risk of
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cardiovascular events was found in the arms receiving

the highest and most frequent doses [105], suggesting

that anti-VEGF agents have to be used carefully in

patients with poor health status.

Choice of agents

In the Protocol T study, bevacizumab, ranibizumab, and

aflibercept were compared head-to-head, and all three were

confirmed to be effective in patients with center-involved

DME (Fig. 8a) [78]. The improvement in visual acuity at

1 year was significantly greater in patients in the aflibercept

group who had an initial visual acuity of 20/50 or worse than

in their counterparts in the bevacizumab and ranibizumab

groups, but in patients who had an initial visual acuity of

20/32–20/40 there was no significant difference between the

treatment groups in terms of improvement (Fig. 8b) [78]. At

2 years, however, patients in the aflibercept group who had a

baseline visual acuity of 20/50 or worse showed greater

improvement of visual acuity when compared with patients

receiving the other agents, but there was no significant

advantage to aflibercept over ranibizumab [106].

Table 1 Summary of pivotal clinical trials

RESTORE [6] RISE/RIDE [7] REVEAL [8] VIVID/VISTA [9]

Participants 345 patients aged C 18 years,

with type 1 or 2 diabetes

mellitus and visual impairment

due to DME

377/382 patients

aged C 18 years, with

type 1 or 2 diabetes

mellitus and vision loss

from DME, and macular

edema

396 patients aged C 18 years,

with type 1 or 2 diabetes

mellitus, BCVA of 78–39

ETDRS letters, and visual

impairment due to DME

406/466 adult patients

with type 1 or 2

diabetes mellitus and

DME with central

involvement

Treatment

arms

Ranibizumab (n = 116)

Ranibizumab ? laser (n = 118)

Laser (n = 111)

3 consecutive monthly injections

of ranibizumab 0.5 mg,

followed by 1 injection per

month, to be continued if

stable visual acuity was not

achieved

Ranibizumab 0.3 mg

(n = 125/125)

Ranibizumab 0.5 mg

(n = 125/127)

Sham (n = 127/130)

Monthly injections of

ranibizumab 0.3 or

0.5 mg

Ranibizumab (n = 133)

Ranibizumab ? laser (n = 132)

Laser (n = 131)

On day 1, injection of

ranibizumab 0.5 mg, continued

monthly until stable vision was

achieved. As of month 3, 1

injection per month was

continued if stable vision was

not yet achieved

Aflibercept 2q4

(n = 136/154)

Aflibercept 2q8

(n = 135/151)

Laser (n = 132/154)

Aflibercept 2 mg every

4 weeks or 2 mg every

8 weeks after 5 initial

monthly doses (from

baseline to week 16)

Mean change

in BCVA

letter score

from

baseline

Month 12

Ranibizumab: 6.8

Ranibizumab ? laser: 6.4

Laser: 0.9

Month 24

Ranibizumab 0.3 mg:

12.5/10.9

Ranibizumab 0.5 mg:

11.9/12.0

Sham:

2.6/2.3

Month 12

Ranibizumab: 6.6

Ranibizumab ? laser: 6.4

Laser: 1.8

Week 52

Aflibercept 2q4: 10.5/

12.5

Aflibercept 2q8: 10.7/

10.7

Laser: 1.2/0.2

Mean change

in CRT/

CFT /

CRST /

CST from

baseline

(lm)

Month 12

Ranibizumab: - 118.7

Ranibizumab ? laser: - 128.3

Laser: - 61.3

Month 24

Ranibizumab 0.3 mg:

- 250.6/- 259.8

Ranibizumab 0.5 mg:

-253.1/- 270.7

Sham:

-133.4/- 125.8

Month 12

Ranibizumab: - 134.6

Ranibizumab ? laser: - 171.8

Laser: - 57.2

Week 52

Aflibercept 2q4:

- 195.0/- 185.9

Aflibercept 2q8:

- 192.4/- 183.1

Laser: - 66.2/- 73.3

SAEs Non-ocular SAEs

Ranibizumab: 20%

Ranibizumab ? laser: 14.2%

Laser: 13.6%

Any SAEs

Ranibizumab 0.3 mg: 5.6/

9.6%

Ranibizumab 0.5 mg:

11.9/5.6%

Sham: 10.6/9.4%

Non-ocular SAEs

Ranibizumab: 10.5%

Ranibizumab ? laser: 9.8%

Laser: 14.1%

Non-ocular SAEs

Aflibercept 2q4:

23.0%

Aflibercept 2q8:

22.3%

Laser: 22.6%

DME diabetic macular edema, BCVA best-corrected visual acuity, CRT central retinal (subfield) thickness [RESTORE], CFT central foveal

thickness [RISE/RIDE], CRST central retinal subfield thickness [REVEAL], CST central (optical coherence tomography) subfield thickness

[VIVID/VISTA], SAE serious adverse event

10 H. Terasaki et al.

123



There were no significant differences between the

bevacizumab, ranibizumab, and aflibercept groups in

rates of Anti-Platelet Trialists’ Collaboration (APTC)

events (a cluster endpoint of serious adverse events,

hospitalization, death, or major cardiovascular events) at

1 year [78]. By 2 years, APTC events had occurred in

5% of patients in the aflibercept group, 8% of patients in

the bevacizumab group, and 12% of patients in the

ranibizumab group [106].

The recent survey of Japanese retinal experts revealed

that anti-VEGF agents were the most frequently used first-

line therapy for center-involved diffuse macular edema,

regardless of visual acuity [15]. More than half the

respondents reported using bevacizumab, ranibizumab, or

aflibercept according to the needs of individual patients

with DME [15]. Approximately 60% of respondents

reported that their choice of agent would be based on the

1 year results of the Protocol T study, and most reported

that the main factor affecting their choice of drug was its

effectiveness in patients with a visual acuity of less than

20/40 in the evaluation at 1 year [15].

Based on the results of the Protocol T study, the

American Society of Retina Specialists Anti-VEGF for

Diabetic Macular Edema Comparative Effectiveness Panel

considers that patients with worse visual acuity at initiation

of treatment would derive greater benefit from aflibercept

at 1 year [107]. On the other hand, when visual acuity is

good, bevacizumab might be the agent of choice because of

its cost-effectiveness. The panel concluded that ophthal-

mologists should choose from the three anti-VEGF agents

on a patient-by-patient basis [107]. It should be noted that

there are differences between Japan and the US in terms of

treatment settings and costs of each agent when extrapo-

lating data from the US to clinical practice in Japan.

Treatment regimens

In Japan, the package inserts for ranibizumab and

aflibercept recommend that during the loading phase

ranibizumab should be administered at doses of 0.5 mg

(‘‘preferably administered as one injection per month until

achieving stabilization of visual acuity’’) and aflibercept

at doses of 2 mg (‘‘administered once per month for a

total of 5 administrations’’). Most retinal experts in Japan

consider stability of central retinal thickness and/or visual

acuity to be the parameters indicating stabilization of

disease activity during anti-VEGF monotherapy in the

loading phase [15]. In the Phase II (DA VINCI) study,

aflibercept 2 mg was administered on three occasions at

4-week intervals during the loading phase. When patients

did not receive aflibercept for 4 weeks after the last dose

(week 12 from the initial dose), a mild decrease in visual

acuity and a slight increase in central retinal thickness

were observed at week 16 [108]. In the VIVID/VISTA

studies [9], aflibercept 2 mg was administered every

4 weeks for a total of five doses; however, similar changes

were not observed.

In the Japanese survey of retinal experts, more than 70%

of respondents administered anti-VEGF agents PRN in the

maintenance phase and 50% considered the treat-and-ex-

tend regimen to be ideal [15]. The recently reported

RETAIN study compared a treat-and-extend regimen and a

PRN regimen with respect to changes in BCVA. It was

found that the treat-and-extend regimen was not inferior to
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Fig. 8 Mean changes in visual acuity over time in the DRCR.net

Protocol T study. a Overall changes. b Changes according to baseline

visual acuity: solid lines indicate a baseline visual acuity of 20/50 or

worse, and dashed lines indicate a baseline visual acuity of 20/32 –20/

40. The number of eyes assessed at each 4-week interval ranged from

195 to 224 in the aflibercept group, 188–218 in the bevacizumab

group, and 188–218 in the ranibizumab group. Bars indicate 95%

confidence intervals. Reproduced with permission from Wells et al.

[78]. Copyright � 2017 Massachusetts Medical Society. All rights

reserved

Management of diabetic macular edema in Japan: a review and expert opinion 11

123



the PRN regimen and the number of clinical visits between

achieving a stable BCVA and assessment at month 24 was

smaller in the treat-and-extend group (median 8) than in the

PRN group (median 18) [96].

When asked about the maximum number of injections of

anti-VEGF monotherapy they would administer before

switching to combination therapy or other treatment

options, 23% of retinal experts in the Japanese survey

reported that they would administer at least 3 injections and

18% at least 5 injections; approximately 40% reported no

specific number of injections [15]. A retrospective analysis

of Medicare claims’ data in the US for 2008–2010 showed

that the average annual number of anti-VEGF injection

claims per patient with DME was 4.2 [109].

Treatment of persistent DME

The post hoc exploratory analyses of the Protocol I study

shows that approximately 40% of patients had persistent

DME (central subfield thickness C 250 lm on time-domain

OCT) at 24 weeks after initiating treatment with ranibizu-

mab but that this rate decreased after 3 years of treatment

[110]. Even in patients whose DME persisted for 3 years,

42.5% had a visual acuity improvement ofC 10 letters [110].

The results of a recently published retrospective study

show that central macular thickness was significantly

reduced in patients with persistent DME who were con-

verted from ranibizumab or bevacizumab (at least 4 con-

secutive injections) to aflibercept (at least 2 injections

afterwards) [111]. Although there was a trend of improved

visual acuity and a decrease in intraocular pressure, these

changes were not significant [111].

The respondents in the Japanese survey of retinal experts

indicated that their choice of treatment for persistent DME

after multiple anti-VEGF injections and/or laser therapy was

vitrectomy (73%), steroids (20%), or a switch to another anti-

VEGF agent (7%) [15]. However, there is still no definitive

evidence concerning the treatment of patients who do not

respond positively to anti-VEGF therapy.

Perspectives

In Japan, two anti-VEGF agents were approved in 2014 for

DME, and these agents are now recognized as first-line

therapy for the treatment of center-involved diffuse DME.

The loading regimen for anti-VEGF monotherapy has been

determined based on visual acuity in large-scale clinical

studies. However, in everyday clinical practice, the loading

regimen is frequently determined according to anatomical

parameters, and there is not yet a consensus regarding this

regimen. In the maintenance phase, anti-VEGF therapy is

most commonly administered PRN in Japan; however,

there are no established criteria for retreatment in the

clinical setting. Most retinal experts consider that in the

maintenance phase a treat-and-extend regimen is prefer-

able. Therefore, further accumulation and evaluation of

evidence is required. As macular edema sometimes persists

even after anti-VEGF agents are administered in the early

stage, there is need for more research to discover effective

treatment options for these cases. There is still no con-

sensus regarding treatment of patients who are refractory to

anti-VEGF agents, specifically whether to continue treat-

ment beyond refractoriness, switch agents, or proceed to a

surgical treatment. Currently, anti-VEGF therapy is mainly

used for the treatment of DME; however, there are unmet

needs to be addressed for the long-term maintenance of

visual acuity.

Steroids for DME

Intravitreal triamcinolone acetonide is now approved in

Japan for use in patients with DME. Compared with no

treatment, a single intravitreal injection of triamcinolone

acetonide 4 mg significantly improved BCVA and central

macular thickness in Japanese patients with macular edema

associated with non-proliferative diabetic retinopathy at

week 12 [112]. Although intravitreal implants of fluoci-

nolone acetonide and dexamethasone have been approved

for DME in Europe and the US [113, 114] they have yet to

be approved in Japan.

Sub-Tenon’s injection of triamcinolone acetonide is

often used off-label in Japan [115–117], and a clinical

study for a drug approval application (JapicCTI-132139) is

has been submitted.

Benefits and risks

DME is a consequence of the chronic inflammatory state

caused by diabetes. Expression of VEGF and other per-

meability/inflammatory factors can be decreased by ster-

oids [118, 119]. In the Protocol I study, visual acuity

continued to improve in the triamcinolone (? prompt

laser) group until week 24 but decreased thereafter. There

was no significant difference between the triamcinolone

(? prompt laser) group and the sham (? prompt laser)

group at the 1-year and 2-year visits (Fig. 9a) [10, 120].

Elevated intraocular pressure and need for cataract surgery

were significantly more common in the triamcinolone

(? prompt laser) group than in the ranibizumab (? prompt

laser) group and the sham (? prompt laser) group

[10, 120]. In pseudophakic eyes, triamcinolone (? prompt

laser) was more effective than sham (? prompt laser) and

as effective as ranibizumab (? prompt laser) (Fig. 9b);

however, triamcinolone (? prompt laser) had a greater risk

of increased intraocular pressure [10, 120]. In addition, the
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incidence of endophthalmitis is reported to be significantly

higher with intravitreal injections of a steroid than with

intravitreal injections of an anti-VEGF agent [121].

The results of the exploratory analysis of the Protocol I

data show that ranibizumab was more effective than tri-

amcinolone in preventing progression of retinopathy in

patients with non-proliferative diabetic retinopathy, but

both agents were effective in preventing progression of

retinopathy in patients with proliferative diabetic

retinopathy [122].

Approximately 50% of the respondents in the Japanese

survey of retinal experts reported using steroids (by

intravitreal injection and off-label sub-Tenon’s injection)

and the other 50% reported using anti-VEGF agents in

patients with DME that persisted after vitrectomy with no

improvement in visual acuity [15]. A retrospective analysis

in Japan reports that patients with a history of vitrectomy

had significantly fewer recurrences or persistence of DME

after an off-label sub-Tenon’s triamcinolone injection, but

those who underwent microaneurysm photocoagulation or

subthreshold micropulse diode laser photocoagulation

combined with a sub-Tenon’s triamcinolone injection were

at increased risk of recurrent or persistent DME [123]. In

pseudophakic eyes, steroid injections and anti-VEGF

injections may be similarly effective for improving visual

acuity and decreasing retinal thickening [120], but it is not

clear how these patients fare in the long term [102]. Steroid

injections seem to be most effective for pseudophakic

patients with proliferative diabetic retinopathy.

Perspectives

The risk of concurrent elevated intraocular pressure, cat-

aract, and endophthalmitis should be assessed before using

steroids. The role of steroids in patients after vitrectomy

and in those refractory to anti-VEGF agents should be

evaluated in the future. In Japan, a clinical trial of sub-

Tenon’s injection of triamcinolone acetonide is underway

with the aim of receiving approval to market the drug for

DME. Sub-Tenon’s injection requires delicate manipula-

tion, so it might carry a risk of procedure-related compli-

cations. Hence, a standard procedure should be established

and attention paid to it. Steroids have a variety of physi-

ological actions that anti-VEGF agents do not possess.

These will be important considerations in future applica-

tions of steroids.

Laser photocoagulation for DME

Focal (direct)/grid laser

Laser photocoagulation of the macular area has become

standard therapy for DME (CSME) since a report on focal
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Fig. 9 Mean changes in visual acuity over time in the DRCR.net

Protocol I study. a Changes using all available data: P values

(analysis of covariance) for the difference in mean change in visual

acuity when compared with the sham ? prompt laser group

(n = 211) at the 104-week study visit: 0.05 for the ranibizumab ? -

prompt laser group (n = 136);\ 0.001 for the ranibizumab ? de-

ferred laser group (n = 139); and 0.57 for the

triamcinolone ? prompt laser group (n = 142). b Changes in eyes

that were pseudophakic at baseline for the cohort that completed a

2-year visit: P values (analysis of covariance) for the difference in

mean change in visual acuity when compared with the sham ? -

prompt laser group (n = 78) at the 104-week study visit: 0.83 for the

ranibizumab ? prompt laser group (n = 41); 0.15 for the

ranibizumab ? deferred laser group (n = 40); and 0.53 for the

triamcinolone ? prompt laser group (n = 47). Reproduced with

permission from Elman et al. [120]
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(direct)/grid laser use in the ETDRS in 1985 [61]. Focal

(direct) laser photocoagulation involves direct treatment of

focal fluorescein leaks, and is used for discrete points of

retinal hyperfluorescence or focal leakage (most are

microaneurysms) identified by FA [61, 124]. Grid laser

photocoagulation is delivered to thickened areas of the

retina showing capillary dropout (in early-phase FA) and/or

diffuse fluorescein leakage (often observed in the areas

with capillary dropout in late-phase FA), and is applied in a

grid pattern [61, 124].

DRCR.net conducted a study comparing two laser

photocoagulation techniques for the treatment of DME,

i.e., modified ETDRS photocoagulation (using burns that

are lighter and less intense than those originally specified in

the ETDRS) and a mild macular grid laser technique (ap-

plication of mild and widely spaced burns throughout the

macula, avoiding the foveal region), and found modified

ETDRS grid photocoagulation to be superior to mild

macular grid laser photocoagulation for decreasing retinal

thickening [125]. Approximately 70% of the retinal experts

in Japan responded that they used focal laser treatment, and

approximately 20% used medical treatment in combination

with focal/grid laser as the first-line therapy for center-

involved macular edema with an obvious leakage point

[15]. The most common distance between the center of the

macula and the point of leakage when applying focal laser

was 750 lm or more (approximately 50% of respondents)

followed by 500 lm or more (approximately 30%) [15].

Laser photocoagulation was initially applied for lesions

located 500 lm or more from the center of the macula in

the ETDRS [61].

Benefits and risks

Improvement of edema in response to focal laser treatment

may result from occlusion of leaking microaneurysms.

Grid laser photocoagulation to areas of capillary dropout/

non-perfusion reduces the oxygen demand of ischemic

retinal cells, leading to long-term suppression of ischemia-

induced overexpression of VEGF [126]. Other indirect

effects have been suggested, including changes in the

biochemical processes occurring in the retinal pigment

epithelium [127]. According to ETDRS report number 1,

the proportion of eyes that lost 15 or more letters on the

ETDRS visual acuity chart in the immediate photocoagu-

lation group (12%) was lower than that in the deferred

photocoagulation group (24%) at 3 years [61].

The ETDRS study of photocoagulation reports that

vision loss due to subretinal neovascularization and

atrophic creep (enlargement of the laser scars) may occur

after laser treatment [128, 129]. However, with advances in

laser technology, such as subthreshold diode micropulse

laser photocoagulation and short-pulse lasers, damage to

the normal retina is prevented and both accuracy and

treatment time are improved [130–133].

Combination with an anti-VEGF agent

Approximately 90% of the respondents in the survey of

retinal experts in Japan reported using a combination of

anti-VEGF injections and focal laser treatment, although

variations were observed in the proportion of patients

treated with combination therapy. The timing of the laser

therapy was most commonly after anti-VEGF therapy [15].

The results of a 5-year follow-up of the Protocol I study

showed that the improvements in visual acuity were quite

similar between the ranibizumab ? prompt laser group and

the ranibizumab ? deferred laser group for eyes with a

baseline visual acuity letter score C 66 (approximately

20/50 or better), but significantly better in the

ranibizumab ? deferred laser group for eyes with a base-

line visual acuity letter score B 65 (worse than about

20/50) [101]. For focal DME, however, the results from the

REVEAL study conducted in Asian patients showed that

the change in BCVA letter score at month 12 was ? 4.9

letters in the ranibizumab monotherapy group compared

with ? 7.8 letters in the focal/grid laser ? ranibizumab

group [8]. In addition, the proportion of patients with a

maximum treatment-free interval of 3 months or more was

38.3% in the ranibizumab monotherapy group and 50.8%

in the focal/grid laser ? ranibizumab group [8]. Combined

laser therapy would be an option for management of focal

DME, especially when attempting to extend the anti-VEGF

retreatment intervals to reduce the total number of intrav-

itreal anti-VEGF injections required. The findings of an

ongoing multicenter trial in Japan (UMIN000012549)

suggest that short-pulse focal/grid laser photocoagulation

could reduce the number of intravitreal ranibizumab

injections required to resolve macular edema [134]. How-

ever, further investigations are needed.

Panretinal photocoagulation

In the survey of retinal experts in Japan, approximately

50% of respondents used a combination of anti-VEGF

therapy with panretinal (or targeted retinal) photocoagu-

lation in more than half of eyes with DME of patients who

received anti-VEGF agents in the late phase of pre-prolif-

erative diabetic retinopathy, and more than 80% reported

that they performed panretinal/targeted retinal photocoag-

ulation after anti-VEGF injections [15, 135].

In the Protocol J study performed by DRCR.net, patients

with severe non-proliferative or proliferative diabetic

retinopathy with center-involved DME received ranibizu-

mab, triamcinolone, or sham injection (each combined with

focal/grid laser) prior to panretinal photocoagulation. The
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mean ± standard deviation changes in visual acuity letter

score were significantly better in the ranibizumab

(? 1 ± 11) and triamcinolone (? 2 ± 11) groups when

compared with the sham group (- 4 ± 14) in the short

term (at the 14-week visit), suggesting that the risk of

worsening of existing macular edema and associated loss

of visual acuity following panretinal photocoagulation can

be reduced by administration of intravitreal ranibizumab or

triamcinolone [136].

In a study by Takamura et al., patients were enrolled if

they had visual acuity of 20/40–20/320 and leakage from

capillary retinal vessels and microaneurysms correspond-

ing to DME and non-perfused areas identified on FA. The

patients received bevacizumab after focal/grid laser and

were then randomized to receive either targeted retinal

photocoagulation for ischemic lesions or no additional

laser therapy. Central retinal thickness decreased in both

treatment groups in the month following anti-VEGF

injection. Central retinal thickness then increased gradually

in the group without targeted retinal photocoagulation but

not in patients who received additional targeted retinal

photocoagulation, indicating that targeted retinal photoco-

agulation may prevent recurrence of macular edema. These

results suggest that residual retinal ischemia after focal/grid

laser treatment and panretinal photocoagulation is involved

in the pathogenesis of DME [135]. However, further evi-

dence needs to be accumulated to elucidate the exact

mechanism.

In the Protocol S study performed by DRCR.net, the

effects of panretinal photocoagulation and an anti-VEGF

agent (ranibizumab) on proliferative diabetic retinopathy

were compared using the change in visual acuity at 2 years

as the primary outcome. The anti-VEGF agent was

demonstrated to be non-inferior to panretinal photocoagu-

lation. Peripheral visual field loss and vitrectomy were

significantly more common in the panretinal photocoagu-

lation group [137]. Anti-VEGF therapy seems to be a

theoretically reasonable treatment alternative for patients

with proliferative diabetic retinopathy, although patient

preference should be considered, given that panretinal

photocoagulation may be less costly and require fewer

clinic visits than anti-VEGF therapy.

Perspectives

Although laser photocoagulation was found to be inferior

to anti-VEGF therapy in terms of improvement in visual

acuity and its inability to prevent leakage from the peri-

foveal capillaries, it is still an important treatment option

for DME in clinical practice in Japan and is believed

effective in maintaining improved visual acuity. Therefore,

combination therapy using laser and anti-VEGF agents,

which can prolong the interval to recurrence of macular

edema and the interval between anti-VEGF injections,

should be investigated. It is also important to evaluate

minimally invasive laser treatment, such as the subthresh-

old micropulse laser and short pulse laser/pattern scan

laser, which are expected to cause no atrophic creep after a

long period, as well as a navigation system to enable safer

and more accurate laser photocoagulation. Further long-

term investigations are required, and evidence needs to be

accumulated regarding the effects of laser photocoagula-

tion in DME, including the use of these new technologies.

Vitrectomy for DME

Purpose and mechanism

The role of vitrectomy in the treatment of DME remains to

be fully elucidated. However, in clinical practice, there is a

good deal of evidence suggesting that vitrectomy effec-

tively restores retinal function and significantly decreases

DME. Lewis et al. report that vitrectomy was effective in

eyes with macular edema associated with a thickened and

taut posterior hyaloid membrane [82]. Tachi et al. enrolled

DME patients without a thickened hyaloid membrane and

state that vitrectomy was effective in eyes without posterior

vitreous detachment (PVD) [83]. Some studies point out

that the outcome does not depend on the presence or

absence of PVD [138, 139]. Terasaki et al. found that

vitrectomy was effective in reducing foveal thickness and

improving macular function also for DME without visible

vitreomacular traction, although macular function recov-

ered slowly compared to the anatomical recovery [140].

Various working mechanisms for the effectiveness of vit-

rectomy are reported. For example, vitrectomy relieves

retinal traction, increases intraocular O2 partial pressure,

and induces clearance of chemical mediators such as

VEGF, and can therefore serve as an effective treatment for

DME [141, 142]. However, according to the recent trend

following introduction of anti-VEGF agents, candidates for

vitrectomy include those with vitreomacular traction and

those with an epiretinal membrane detected by OCT in

current clinical practice.

Outcomes

Although the precise mechanism by which vitrectomy

decreases retinal thickness is still unclear, there are many

reports that vitrectomy decreases macula edema and can

improve visual acuity [82, 83, 138–140, 143–149]. A high

level of evidence comes from DRCR.net Protocol D [146],

a prospective cohort study of patients who underwent vit-

rectomy for DME. In that study, retinal thickening was

reduced by vitrectomy in more than 80% of eyes with
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vitreomacular traction, and 28–49% of eyes were estimated

to have improved visual acuity while 13–31% were esti-

mated to have worse visual acuity [146]. Similarly, a long-

term study (with follow-up of 12–170 months) reports that

long-term visual acuity improved in 52.7% of eyes with

non-tractional DME after vitrectomy but deteriorated in

16% of eyes [144]. While improvement of BCVA after

anti-VEGF therapy can be confirmed from a relatively

early stage, following vitrectomy it is much slower.

Approximately 3–4 months are required for macular edema

to stabilize and for visual acuity the period is

12–24 months; however, the effects are maintained for a

longer period [144, 150, 151].

A possible cause of decreased vision after vitrectomy is

accumulation of hard exudates [152]. Another possible

reason is patient selection bias, given that vitrectomy is

performed in eyes with persistent DME that is refractory to

other less invasive treatments and in which vitrectomy

might not be effective. In selected patients earlier vitrec-

tomy may achieve a better outcome. Factors such as a

thickened hyaloid membrane, PVD, and traction are

thought to be related to the outcomes. However, without

adequate data from randomized controlled trials, the indi-

cation for vitrectomy in eyes with DME but no visible

traction cannot be determined.

Complications

Vitrectomy seems effective for DME but is associated with

certain complications, including cataracts, retinal tear,

retinal detachment, and neovascular glaucoma [146, 153].

Neovascular glaucoma is a severe complication following

vitrectomy. In the long-term follow-up data reported by

Kumagai et al., the rate in 486 eyes followed over

12–170 months of neovascular glaucoma was 3.9% and of

glaucoma 4.5% [144]. Another group reports the incidence

of neovascular complications to be 4.6% [153], suggesting

that it is important to evaluate ischemic states and monitor

patients on a monthly basis in the clinic. Complications

such as cataracts are preventable. In Japan, cataract surgery

is combined with vitrectomy to eliminate the visual loss

that occurs with progression of cataract. For this reason,

vitrectomy for DME seems to be more widespread in Japan

than in the US. In view of the risk of complications, use of

vitrectomy as a first-line therapy for DME has been lim-

ited. We need to balance the benefits and risks of vitrec-

tomy for DME to decrease the complication rates seen in

previous decades.

Prognostic factors

Advances in OCT technology have allowed identification

of the pathomorphology of DME in more detail.

Segmentation analysis of each retinal layer is useful for

predicting the visual prognosis [154]. The visual prognosis

after vitrectomy is associated with the integrity of the

foveal photoreceptor layer as indicated by the IS/OS line

on OCT images [155]. Murakami et al. report that the outer

thicknesses in the temporal and inferior subfields were

related to the postoperative visual acuity, although there

was no significant association between postoperative visual

acuity and pretreatment inner thickness in any subfield

[156]. Kim et al. demonstrate an improvement in BCVA

after vitrectomy in patients without an enlarged foveal

avascular zone [157]. Multimodal preoperative evaluation

of the macula will help to predict the outcome of

vitrectomy.

Many studies show vitrectomy combined with peeling

of the internal limiting membrane (ILM) to be an effective

treatment for DME [143, 145, 147]. In a non-randomized,

multicenter, clinical study conducted by the European

Vitreo-Retinal Society, different treatments for DME were

compared in 870 patients with a follow-up duration of

6 months to 2 years. In this study, vitrectomy with ILM

peeling was more effective than anti-VEGF agents, ster-

oids, or laser with regard to improvement of visual acuity;

the proportion of C 3-line improvements was significantly

higher for vitrectomy (55.2%) than for anti-VEGF agents

(31.3%) [158]. Staining the ILM with triamcinolone

achieved better improvement than non-peeling or staining

the ILM with indocyanine green [143]. On the other hand,

two research groups have recently reported finding no

significant difference in long-term visual acuity [148],

change in BCVA, or reduction of central macular thickness

[149] using vitrectomy with ILM peeling versus vitrectomy

with no ILM peeling. The necessity of routine ILM peeling

is still a matter of debate. Routine treatment with anti-

VEGF agents complicates the design of studies to inves-

tigate the efficacy of vitrectomy for DME itself.

Systemic factors have also been shown to affect the

prognosis after vitrectomy [150, 159]. Decreases in foveal

thickness after vitrectomy are associated with preoperative

glycemic control and possibly, the removal of volume of

vitreous gel [150].

Management of recurrent macular edema
after vitrectomy

Recurrence of edema may be an important reason to avoid

the routine use of vitrectomy. One study demonstrates

increased intravitreal concentrations of monocyte

chemoattractant protein-1 following vitrectomy, suggesting

that the inflammatory process may continue even after

successful vitrectomy [160]. Creation of PVD is also

reported to be an important consideration. Macular edema

recurred in 2 cases with the remaining posterior vitreous
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cortex attached after approximately 1 year [140]. Sawa

et al. found that vitrectomy decreases the rate of recurrence

of macular edema in patients with PVD [161]. Other sur-

gical procedures might be related to the recurrence of

edema.

Vitrectomy is reported to have the undesirable effect of

increasing the clearance of ranibizumab and aflibercept in

macaque eyes [162]. Another small retrospective study

indicates that there was no change in BCVA or foveal

thickness in the 6 months after injection of bevacizumab

for DME in eyes with previous vitrectomy [163]. These

data suggest that clearance of drugs is rapid and that drug

half-lives are shortened in vitrectomized eyes. However,

the results of an exploratory post hoc analysis of the Pro-

tocol I study indicates favorable functional and anatomical

outcomes in vitrectomized eyes over 3 years of follow-up.

There were no differences in the number of injections or

laser treatment between eyes with and without previous

vitrectomy during follow-up [164]. The volume of

remaining vitreous might affect the effectiveness of anti-

VEGF therapy after vitrectomy. There is limited evidence

concerning the management of DME in patients with a

history of vitrectomy [165, 166]. In Japan, sub-Tenon’s

capsule triamcinolone acetonide would be one option;

however, injection of triamcinolone can cause an increase

in intraocular pressure and/or HbA1C as a complication

[167]. Additional research is warranted to determine the

best management strategy.

Patient selection

Vitrectomy can be an appropriate treatment choice for

certain patients with DME even in the anti-VEGF era. If

patients with diffuse DME have apparent vitreomacular

traction, it is reasonable to perform vitrectomy to relieve it

early before the photoreceptors in the fovea are damaged

[146, 168]. Because it can have a long-lasting effect after a

single procedure, vitrectomy may also be a useful treat-

ment option for DME that persists despite anti-VEGF

therapy [169, 170]. However, this group would include

intractable cases, so the proportion of patients in whom

vitrectomy will prove effective might be low.

More than 80% of respondents in the survey of retinal

experts in Japan reported that vitrectomy is their first-line

therapy for DME with apparent vitreomacular traction [15].

More than 70% of respondents felt that vitrectomy should

be used to treat center-involved macular edema that per-

sists without improvement after multiple anti-VEGF

injections and/or laser therapy [15]. There may be VEGF-

independent mechanisms involved in the development and

persistence of macular edema [171].

Besides these patients, those who do not respond to anti-

VEGF agents, those who have experienced cardiovascular/

cerebrovascular events during the preceding months,

elderly patients with cataract, and those who need addi-

tional peripheral photocoagulation are thought to be good

candidates for vitrectomy. Nevertheless, there is no con-

sensus about the timing or indications for vitrectomy in

patients with DME at this time.

Perspectives

Vitrectomy is an invasive procedure but remains an

important option for DME, especially in selected patients

who do not respond to other treatments. Vitrectomy may

become a safer option with the development of new tech-

nology, such as small-gauge instruments, wide-angle

viewing systems, and safer dyes used for visualization of

the vitreous and membrane. For increased efficacy, vit-

rectomy can be combined with laser, intravitreal anti-

VEGF, or injection of steroids to compensate for the dis-

advantages linked to each treatment. Unfortunately, there is

no randomized controlled trial with adequate statistical

data to evaluate the effectiveness of vitrectomy. Given that

there are many approaches to treatment of DME, a regis-

tration study reflecting real-world clinical practice would

be necessary to evaluate the effectiveness of multidisci-

plinary treatment including vitrectomy.

Conclusion

The advances in management of DME in recent years have

been remarkable [2, 5, 11]. Anti-VEGF therapy will con-

tinue to play an important role in the treatment for DME,

but there are still unmet needs, such as treatment for per-

sistent DME, long-term maintenance of improved visual

acuity, and safety concerns in high-risk patients. A multi-

modal approach has the potential to treat complex aspects

of DME.

Based on the results of a survey of retinal experts in

Japan [15] and the discussion in this paper, we propose a

clinical practice algorithm for the management of DME in

Japan (Fig. 10). Anti-VEGF agents are the first-line ther-

apy for center-involved diffuse macular edema. Most

experts choose focal laser treatment for patients with an

obvious leakage point, and consider combination therapy

with anti-VEGF agents. Further, most experts choose vit-

rectomy for DME with apparent vitreomacular traction.

Use of steroids may also be considered in certain circum-

stances. Panretinal photocoagulation or targeted retinal

photocoagulation is performed to reduce the production of

VEGF in the ischemic area and to prevent progression of

diabetic retinopathy after anti-VEGF injections.

It is important for management of DME in Japan to

establish a multimodal approach to treatment, centered on
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anti-VEGF therapy, and including steroid therapy, laser

photocoagulation and vitrectomy. Future challenges con-

cerning the development of a treatment guideline are

summarized as follows: (1) optimization of the anti-VEGF

injection regimen, that is, evaluation of a regimen which

can maximize the improvement in visual acuity and reduce

the burdens for both patients and physicians; (2) opti-

mization of treatment by combining laser photocoagulation

or vitrectomy with anti-VEGF agents; (3) optimization of

treatment and management appropriate to specific patho-

logical conditions; (4) accumulation of evidence for sec-

ond-line therapy in patients refractory to first-line therapy;

and (5) reinforcement of cooperation between ophthal-

mologists and physicians for appropriate systemic man-

agement, including prevention.

Considerable time will be required to address these

challenges. Therefore, a consensus among experts is nee-

ded for the optimal management of DME, based on the

current status of clinical practice in Japan.
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nička J, et al. Ranibizumab 0.5 mg treat-and-extend regimen for

diabetic macular oedema: the RETAIN study. Br J Ophthalmol.

2016;100:787–95.

97. Diabetic Retinopathy Clinical Research Network. Treatment for

central-involved diabetic macular edema in eyes with very good

visual acuity. Version 3.0 (April 18, 2014). http://publicfiles.

jaeb.org/Treatment_CIDME_Eyes_Good_Vision_V3.pdf.

Accessed 14 Mar 2017.

98. Ip MS, Domalpally A, Sun JK, Ehrlich JS. Long-term effects of

therapy with ranibizumab on diabetic retinopathy severity and

baseline risk factors for worsening retinopathy. Ophthalmology.

2015;122:367–74.

99. Brown DM, Schmidt-Erfurth U, Do DV, Holz FG, Boyer DS,

Midena E, et al. Intravitreal aflibercept for diabetic macular

edema: 100-week results from the VISTA and VIVID studies.

Ophthalmology. 2015;122:2044–52.

100. Schmidt-Erfurth U, Lang GE, Holz FG, Schlingemann RO,

Lanzetta P, Massin P, et al. Three-year outcomes of individu-

alized ranibizumab treatment in patients with diabetic macular

edema: the RESTORE extension study. Ophthalmology.

2014;121:1045–53.

101. Elman MJ, Ayala A, Bressler NM, Browning D, Flaxel CJ,

Glassman AR, et al. Intravitreal Ranibizumab for diabetic

macular edema with prompt versus deferred laser treatment:

5-year randomized trial results. Ophthalmology.

2015;122:375–81.

102. Bressler SB, Glassman AR, Almukhtar T, Bressler NM, Ferris

FL, Googe JM Jr, et al. Five-year outcomes of ranibizumab with

prompt or deferred laser versus laser or triamcinolone plus

deferred ranibizumab for diabetic macular edema. Am J Oph-

thalmol. 2016;164:57–68.

103. Ashraf M, Souka A, Adelman R. Predicting outcomes to anti-

vascular endothelial growth factor (VEGF) therapy in diabetic

macular oedema: a review of the literature. Br J Ophthalmol.

2016;100:1596–604.

104. Korobelnik JF, Kleijnen J, Lang SH, Birnie R, Leadley RM,

Misso K, et al. Systematic review and mixed treatment com-

parison of intravitreal aflibercept with other therapies for dia-

betic macular edema (DME). BMC Ophthalmol. 2015. https://

doi.org/10.1186/s12886-015-0035-x.

105. Avery RL, Gordon GM. Systemic safety of prolonged monthly

anti-vascular endothelial growth factor therapy for diabetic

macular edema: a systematic review and meta-analysis. JAMA

Ophthalmol. 2016;134:21–9.

106. Wells JA, Glassman AR, Ayala AR, Jampol LM, Bressler NM,

Bressler SB, et al. Aflibercept, bevacizumab, or ranibizumab for

diabetic macular edema: two-year results from a comparative

effectiveness randomized clinical trial. Ophthalmology.

2016;123:1351–9.

107. Heier JS, Bressler NM, Avery RL, Bakri SJ, Boyer DS, Brown

DM, et al. Comparison of aflibercept, bevacizumab, and rani-

bizumab for treatment of diabetic macular edema: extrapolation

of data to clinical practice. JAMA Ophthalmol. 2016;134:95–9.

108. Do DV, Schmidt-Erfurth U, Gonzalez VH, Gordon CM,

Tolentino M, Berliner AJ, et al. The DA VINCI Study: phase 2

primary results of VEGF Trap-Eye in patients with diabetic

macular edema. Ophthalmology. 2011;118:1819–26.

109. Dugel PU, Layton A, Varma R. Diabetic macular edema diag-

nosis and treatment in the real world: an analysis of medicare

claims data (2008 to 2010). Ophthalmic Surg Lasers Imaging

Retina. 2016;47:258–67.

110. Bressler SB, Ayala AR, Bressler NM, Melia M, Qin H, Ferris FL

III, et al. Persistent macular thickening after ranibizumab

treatment for diabetic macular edema with vision impairment.

JAMA Ophthalmol. 2016;134:278–85.

111. Rahimy E, Shahlaee A, Khan MA, Ying GS, Maguire JI, Ho

AC, et al. Conversion to aflibercept after prior anti-VEGF

therapy for persistent diabetic macular edema. Am J Ophthal-

mol. 2016;164:118–27.

112. Ogura Y, Sakamoto T, Yoshimura N, Ishibashi T. Phase 2/3

clinical trial of WP-0508 (MaQaid� intravitreal injection) for

diabetic macular edema. Atarashii Ganka (J Eye).

2014;31:1876–84.

113. Business Wire. Allergan announces OZURDEX� (dexametha-

sone 700 mcg intravitreal implant in applicator) now approved

in the European Union for the treatment of diabetic macular

edema. http://www.businesswire.com/news/home/

20140902005319/en/Allergan-Announces-OZURDEX%C2%

AE-dexamethasone-700-mcg-intravitreal. Accessed 14 Mar

2017.

114. pSivida corp. Diabetic Macular Edema/ILUVIEN�. http://www.

psivida.com/products-iluvien.html. Accessed 14 Mar 2017.

115. Sakamoto T, Hida T, Tano Y, Negi A, Takeuchi S, Ishibashi T,

et al. Survey of triamcinolone acetonide for ocular diseases in

Japan. Nippon Ganka Gakkai Zasshi. 2007;111:936–45 (in
Japanese).

116. Serizawa S, Ohkoshi K, Minowa Y, Takahashi O. Prognosis of

patients with diabetic macular edema before Japanese approval

of anti-vascular endothelial growth factor. Jpn J Ophthalmol.

2015;59:244–51.

Management of diabetic macular edema in Japan: a review and expert opinion 21

123

http://www.gene.com/media/press-releases/14127/2012-08-10/fda-approves-lucentis-ranibizumab-inject
http://www.gene.com/media/press-releases/14127/2012-08-10/fda-approves-lucentis-ranibizumab-inject
http://inpublic.globenewswire.com/2014/02/21/Novartis%2bshows%2bcontinued%2bcommitment%2bin%2bJapan%2bwith%2bLucentis%2bapproval%2bin%2bfourth%2bJapanese%2bindication%2bdiabetic%2bmacular%2bedema%2bHUG1763674.html%3bjsessionid%3d9j7LTG0DcKRmMzL3M9jlpy1vpS3LtDgk60GpXYQVlYPFmc0mf61l!-1082031361
http://inpublic.globenewswire.com/2014/02/21/Novartis%2bshows%2bcontinued%2bcommitment%2bin%2bJapan%2bwith%2bLucentis%2bapproval%2bin%2bfourth%2bJapanese%2bindication%2bdiabetic%2bmacular%2bedema%2bHUG1763674.html%3bjsessionid%3d9j7LTG0DcKRmMzL3M9jlpy1vpS3LtDgk60GpXYQVlYPFmc0mf61l!-1082031361
http://inpublic.globenewswire.com/2014/02/21/Novartis%2bshows%2bcontinued%2bcommitment%2bin%2bJapan%2bwith%2bLucentis%2bapproval%2bin%2bfourth%2bJapanese%2bindication%2bdiabetic%2bmacular%2bedema%2bHUG1763674.html%3bjsessionid%3d9j7LTG0DcKRmMzL3M9jlpy1vpS3LtDgk60GpXYQVlYPFmc0mf61l!-1082031361
http://inpublic.globenewswire.com/2014/02/21/Novartis%2bshows%2bcontinued%2bcommitment%2bin%2bJapan%2bwith%2bLucentis%2bapproval%2bin%2bfourth%2bJapanese%2bindication%2bdiabetic%2bmacular%2bedema%2bHUG1763674.html%3bjsessionid%3d9j7LTG0DcKRmMzL3M9jlpy1vpS3LtDgk60GpXYQVlYPFmc0mf61l!-1082031361
http://inpublic.globenewswire.com/2014/02/21/Novartis%2bshows%2bcontinued%2bcommitment%2bin%2bJapan%2bwith%2bLucentis%2bapproval%2bin%2bfourth%2bJapanese%2bindication%2bdiabetic%2bmacular%2bedema%2bHUG1763674.html%3bjsessionid%3d9j7LTG0DcKRmMzL3M9jlpy1vpS3LtDgk60GpXYQVlYPFmc0mf61l!-1082031361
http://inpublic.globenewswire.com/2014/02/21/Novartis%2bshows%2bcontinued%2bcommitment%2bin%2bJapan%2bwith%2bLucentis%2bapproval%2bin%2bfourth%2bJapanese%2bindication%2bdiabetic%2bmacular%2bedema%2bHUG1763674.html%3bjsessionid%3d9j7LTG0DcKRmMzL3M9jlpy1vpS3LtDgk60GpXYQVlYPFmc0mf61l!-1082031361
http://inpublic.globenewswire.com/2014/02/21/Novartis%2bshows%2bcontinued%2bcommitment%2bin%2bJapan%2bwith%2bLucentis%2bapproval%2bin%2bfourth%2bJapanese%2bindication%2bdiabetic%2bmacular%2bedema%2bHUG1763674.html%3bjsessionid%3d9j7LTG0DcKRmMzL3M9jlpy1vpS3LtDgk60GpXYQVlYPFmc0mf61l!-1082031361
http://investor.regeneron.com/releaseDetail.cfm?releaseid=865393
http://investor.regeneron.com/releaseDetail.cfm?releaseid=865393
http://investor.regeneron.com/releaseDetail.cfm?releaseid=862822
http://investor.regeneron.com/releaseDetail.cfm?releaseid=862822
http://investor.regeneron.com/releaseDetail.cfm?releaseid=883500
http://investor.regeneron.com/releaseDetail.cfm?releaseid=883500
http://publicfiles.jaeb.org/Treatment_CIDME_Eyes_Good_Vision_V3.pdf
http://publicfiles.jaeb.org/Treatment_CIDME_Eyes_Good_Vision_V3.pdf
https://doi.org/10.1186/s12886-015-0035-x
https://doi.org/10.1186/s12886-015-0035-x
http://www.businesswire.com/news/home/20140902005319/en/Allergan-Announces-OZURDEX%25C2%25AE-dexamethasone-700-mcg-intravitreal
http://www.businesswire.com/news/home/20140902005319/en/Allergan-Announces-OZURDEX%25C2%25AE-dexamethasone-700-mcg-intravitreal
http://www.businesswire.com/news/home/20140902005319/en/Allergan-Announces-OZURDEX%25C2%25AE-dexamethasone-700-mcg-intravitreal
http://www.psivida.com/products-iluvien.html
http://www.psivida.com/products-iluvien.html


117. Shimura M, Yasuda K, Minezaki T, Noma H. Reduction in the

frequency of intravitreal bevacizumab administrations achieved

by posterior subtenon injection of triamcinolone acetonide in

patients with diffuse diabetic macular edema. Jpn J Ophthalmol.

2016;60:401–7.

118. Campochiaro PA, Hafiz G, Mir TA, Scott AW, Zimmer-Galler I,

Shah SM, et al. Pro-permeability factors in diabetic macular

edema; the Diabetic Macular Edema Treated with Ozurdex

Trial. Am J Ophthalmol. 2016;168:13–23.

119. Arimura N, Otsuka H, Yamakiri K, Sonoda Y, Nakao S, Noda

Y, et al. Vitreous mediators after intravitreal bevacizumab or

triamcinolone acetonide in eyes with proliferative diabetic

retinopathy. Ophthalmology. 2009;116:921–6.

120. Elman MJ, Bressler NM, Qin H, Beck RW, Ferris FL 3rd,

Friedman SM, et al. Expanded 2-year follow-up of ranibizumab

plus prompt or deferred laser or triamcinolone plus prompt laser

for diabetic macular edema. Ophthalmology. 2011;118:609–14.

121. VanderBeek BL, Bonaffini SG, Ma L. The association between

intravitreal steroids and post-injection endophthalmitis rates.

Ophthalmology. 2015;122:2311–5.

122. Bressler SB, Qin H, Melia M, Bressler NM, Beck RW, Chan

CK, et al. Exploratory analysis of the effect of intravitreal

ranibizumab or triamcinolone on worsening of diabetic

retinopathy in a randomized clinical trial. JAMA Ophthalmol.

2013;131:1033–40.

123. Oshitari T, Kitamura Y, Nonomura S, Arai M, Takatsuna Y,

Sato E, et al. Risk factors for refractory diabetic macular oedema

after sub-Tenon’s capsule triamcinolone acetonide injection.

J Ophthalmol. 2015. https://doi.org/10.1155/2015/195737.

124. Early Treatment Diabetic Retinopathy Study research group.

Treatment techniques and clinical guidelines for photocoagula-

tion of diabetic macular edema. Early Treatment Diabetic

Retinopathy Study report number 2. Ophthalmology.

1987;94:761–74.

125. Diabetic Retinopathy Clinical Research Network. Comparison

of modified-ETDRS and mild macular grid laser photocoagu-

lation strategies for diabetic macular edema. Arch Ophthalmol.

2007;125:469–80.

126. Stefánsson E. The therapeutic effects of retinal laser treatment

and vitrectomy. A theory based on oxygen and vascular physi-

ology. Acta Ophthalmol Scand. 2001;79:435–40.

127. Park YG, Kim EY, Roh YJ. Laser-based strategies to treat

diabetic macular edema: history and new promising therapies.

J Ophthalmol. 2014. https://doi.org/10.1155/2014/769213.

128. Varley MP, Frank E, Purnell EW. Subretinal neovascularization

after focal argon laser for diabetic macular edema. Ophthal-

mology. 1988;95:567–73.

129. Schatz H, Madeira D, McDonald HR, Johnson RN. Progressive

enlargement of laser scars following grid laser photocoagulation

for diffuse diabetic macular edema. Arch Ophthalmol.

1991;109:1549–51.

130. Luttrull JK, Dorin G. Subthreshold diode micropulse laser

photocoagulation (SDM) as invisible retinal phototherapy for

diabetic macular edema: a review. Curr Diabetes Rev.

2012;8:274–84.

131. Lock JH, Fong KC. An update on retinal laser therapy. Clin Exp

Optom. 2011;94:43–51.

132. Hirano T, Iesato Y, Imai A, Toriyama Y, Kikushima W, Murata

T. Effect of laser wavelength on delivering appropriate laser

burns through the opaque lens using a pattern scan laser. Oph-

thalmic Res. 2014;51:204–9.

133. Inagaki K, Ohkoshi K, Ohde S, Deshpande GA, Ebihara N,

Murakami A. Comparative efficacy of pure yellow (577-nm)

and 810-nm subthreshold micropulse laser photocoagulation

combined with yellow (561-577-nm) direct photocoagulation for

diabetic macular edema. Jpn J Ophthalmol. 2015;59:21–8.

134. Hirano T, Toriyama Y, Iesato Y, Imai A, Hirabayashi K,

Nagaoka T, et al. Effect of leaking perifoveal microaneurysms

on resolution of diabetic macular edema treated by combination

therapy using anti-vascular endothelial growth factor and short

pulse focal/grid laser photocoagulation. Jpn J Ophthalmol.

2016;61:51–60.

135. Takamura Y, Tomomatsu T, Matsumura T, Arimura S, Gozawa

M, Takihara Y, et al. The effect of photocoagulation in ischemic

areas to prevent recurrence of diabetic macular edema after

intravitreal bevacizumab injection. Invest Ophthalmol Vis Sci.

2014;55:4741–6.

136. Diabetic Retinopathy Clinical Research Network. Randomized

trial evaluating short-term effects of intravitreal ranibizumab or

triamcinolone acetonide on macular edema after focal/grid laser

for diabetic macular edema in eyes also receiving panretinal

photocoagulation. Retina. 2011;31:1009–27.

137. Writing Committee for the Diabetic Retinopathy Clinical

Research. Network. Panretinal photocoagulation vs intravitreous

ranibizumab for proliferative diabetic retinopathy: a randomized

clinical trial. JAMA. 2015;314:2137–46.

138. Yamamoto T, Akabane N, Takeuchi S. Vitrectomy for diabetic

macular edema: the role of posterior vitreous detachment and

epimacular membrane. Am J Ophthalmol. 2001;132:369–77.

139. Yamamoto S, Yamamoto T, Ogata K, Hoshino A, Sato E,

Mizunoya S. Morphological and functional changes of the

macula after vitrectomy and creation of posterior vitreous

detachment in eyes with diabetic macular edema. Doc Oph-

thalmol. 2004;109:249–53.

140. Terasaki H, Kojima T, Niwa H, Piao CH, Ueno S, Kondo M,

et al. Changes in focal macular electroretinograms and foveal

thickness after vitrectomy for diabetic macular edema. Invest

Ophthalmol Vis Sci. 2003;44:4465–72.

141. Stefánsson E, Landers MB 3rd, Wolbarsht ML. Increased retinal

oxygen supply following pan-retinal photocoagulation and vit-

rectomy and lensectomy. Trans Am Ophthalmol Soc.

1981;79:307–34.

142. Stefánsson E. Physiology of vitreous surgery. Graefes Arch Clin

Exp Ophthalmol. 2009;247:147–63.

143. Yamakoshi T, Kachi S, Sugita J, Asami T, Ishikawa K, Ito Y,

et al. Triamcinolone-assisted removal of internal limiting

membrane enhances the effect of vitrectomy for diabetic mac-

ular edema. Ophthalmic Res. 2009;41:203–9.

144. Kumagai K, Furukawa M, Ogino N, Larson E, Iwaki M, Tachi

N. Long-term follow-up of vitrectomy for diffuse nontractional

diabetic macular edema. Retina. 2009;29:464–72.

145. Abe S, Yamamoto T, Kashiwagi Y, Kirii E, Goto S, Yamashita

H. Three-dimensional imaging of the inner limiting membrane

folding on the vitreomacular interface in diabetic macular

edema. Jpn J Ophthalmol. 2013;57:553–62.

146. Diabetic Retinopathy Clinical Research Network. Vitrectomy

outcomes in eyes with diabetic macular edema and vitreomac-

ular traction. Ophthalmology. 2010;117:1087–93.

147. Bonnin S, Sandali O, Bonnel S, Monin C, El Sanharawi M.

Vitrectomy with internal limiting membrane peeling for trac-

tional and nontractional diabetic macular edema: long-term

results of a comparative study. Retina. 2015;35:921–8.

148. Kumagai K, Hangai M, Ogino N, Larson E. Effect of internal

limiting membrane peeling on long-term visual outcomes for

diabetic macular edema. Retina. 2015;35:1422–8.

149. Nakajima T, Roggia MF, Noda Y, Ueta T. Effect of internal limiting

membrane peeling during vitrectomy for diabetic macular edema:

systematic review and meta-analysis. Retina. 2015;35:1719–25.

150. Kojima T, Terasaki H, Nomura H, Suzuki T, Mori M, Ito Y,

et al. Vitrectomy for diabetic macular edema: effect of glycemic

control (HbA(1c)), renal function (creatinine) and other local

factors. Ophthalmic Res. 2003;35:192–8.

22 H. Terasaki et al.

123

https://doi.org/10.1155/2015/195737
https://doi.org/10.1155/2014/769213


151. Shimonagano Y, Makiuchi R, Miyazaki M, Doi N, Uemura A,

Sakamoto T. Results of visual acuity and foveal thickness in

diabetic macular edema after vitrectomy. Jpn J Ophthalmol.

2007;1:204–9.

152. Nakamura S, Ogino N, Kumagai K, Furukawa M, Atsumi K,

Demizu S, et al. The influence of hard exudates on the results of

vitrectomy for macular edema due to diabetic retinopathy.

Nippon Ganka Gakkai Zasshi. 2003;107:519–25 (In Japanese).
153. Yamamoto T, Hitani K, Tsukahara I, Yamamoto S, Kawasaki R,

Yamashita H, et al. Early postoperative retinal thickness chan-

ges and complications after vitrectomy for diabetic macular

edema. Am J Ophthalmol. 2003;135:14–9.

154. Murakami T, Yoshimura N. Structural changes in individual

retinal layers in diabetic macular edema. J Diabetes Res. 2013.

https://doi.org/10.1155/2013/920713.

155. Sakamoto A, Nishijima K, Kita M, Oh H, Tsujikawa A, Yosh-

imura N. Association between foveal photoreceptor status and

visual acuity after resolution of diabetic macular edema by pars

plana vitrectomy. Graefes Arch Clin Exp Ophthalmol.

2009;247:1325–30.

156. Murakami T, Nishijima K, Akagi T, Uji A, Horii T, Ueda-

Arakawa N, et al. Segmentational analysis of retinal thickness

after vitrectomy in diabetic macular edema. Invest Ophthalmol

Vis Sci. 2012;53:6668–74.

157. Kim J, Kang SW, Shin DH, Kim SJ, Cho GE. Macular ischemia

and outcome of vitrectomy for diabetic macular edema. Jpn J

Ophthalmol. 2015;59:295–304.

158. Adelman R, Parnes A, Michalewska Z, Parolini B, Boscher C,

Ducournau D. Strategy for the management of diabetic macular

edema: the European vitreo-retinal society macular edema

study. Biomed Res Int. 2015. https://doi.org/10.1155/2015/

352487.

159. Yamada Y, Suzuma K, Kumagami T, Fujikawa A, Kitaoka T.

Systemic factors influence the prognosis of diabetic macular

edema after pars plana vitrectomy with internal limiting mem-

brane peeling. Ophthalmologica. 2013;229:142–6.

160. Yoshida S, Kubo Y, Kobayashi Y, Zhou Y, Nakama T, Yam-

aguchi M, et al. Increased vitreous concentrations of MCP-1 and

IL-6 after vitrectomy in patients with proliferative diabetic

retinopathy: possible association with postoperative macular

oedema. Br J Ophthalmol. 2015;99:960–6.

161. Sawa M, Ohji M, Kusaka S, Sakaguchi H, Gomi F, Saito Y,

et al. Nonvitrectomizing vitreous surgery for epiretinal mem-

brane long-term follow-up. Ophthalmology. 2005;112:1402–8.

162. Niwa Y, Kakinoki M, Sawada T, Wang X, Ohji M. Ranibizu-

mab and Aflibercept: intraocular pharmacokinetics and their

effects on aqueous VEGF level in Vitrectomized and Nonvit-

rectomized macaque eyes. Invest Ophthalmol Vis Sci.

2015;56:6501–5.

163. Yanyali A, Aytug B, Horozoglu F, Nohutcu AF. Bevacizumab

(Avastin) for diabetic macular edema in previously vitrec-

tomized eyes. Am J Ophthalmol. 2007;144:124–6.

164. Bressler SB, Melia M, Glassman AR, Almukhtar T, Jampol LM,

Shami M, et al. Ranibizumab plus prompt or deferred laser for

diabetic macular edema in eyes with vitrectomy before anti-

vascular endothelial growth factor therapy. Retina.

2015;35:2516–28.

165. Okamoto Y, Okamoto F, Hiraoka T, Oshika T. Vision-related

quality of life and visual function following intravitreal beva-

cizumab injection for persistent diabetic macular edema after

vitrectomy. Jpn J Ophthalmol. 2014;58:369–74.

166. Koyanagi Y, Yoshida S, Kobayashi Y, Kubo Y, Yamaguchi M,

Nakama T, et al. Comparison of the effectiveness of intravitreal

ranibizumab for diabetic macular edema in vitrectomized and

nonvitrectomized eyes. Ophthalmologica. 2016;236:67–73.

167. MaQaid� [package insert in Japanese]. WAKAMOTO PHAR-

MACEUTICAL CO., LTD. Tokyo. http://www.wakamoto-

pharm.co.jp/mpc/medic/pdf/0000000021_1.pdf Accessed Mar

14, 2017.

168. Flaxel CJ, Edwards AR, Aiello LP, Arrigg PG, Beck RW,

Bressler NM, et al. Factors associated with visual acuity out-

comes after vitrectomy for diabetic macular edema: diabetic

retinopathy clinical research network. Retina. 2010;30:1488–95.

169. Hartley KL, Smiddy WE, Flynn HW Jr, Murray TG. Pars plana

vitrectomy with internal limiting membrane peeling for diabetic

macular edema. Retina. 2008;28:410–9.

170. Morizane Y, Kimura S, Hosokawa M, Shiode Y, Hirano M, Doi

S, et al. Planned foveal detachment technique for the resolution

of diffuse diabetic macular edema. Jpn J Ophthalmol.

2015;59:279–87.

171. Apte RS. What is chronic or persistent diabetic macular edema and

how should it be treated? JAMA Ophthalmol. 2016;134:285–6.

Management of diabetic macular edema in Japan: a review and expert opinion 23

123

https://doi.org/10.1155/2013/920713
https://doi.org/10.1155/2015/352487
https://doi.org/10.1155/2015/352487
http://www.wakamoto-pharm.co.jp/mpc/medic/pdf/0000000021_1.pdf
http://www.wakamoto-pharm.co.jp/mpc/medic/pdf/0000000021_1.pdf

	Management of diabetic macular edema in Japan: a review and expert opinion
	Abstract
	Introduction
	Epidemiology and pathogenesis of DME
	Epidemiology in the world and Japan
	Pathogenesis
	Perspectives

	Importance of systemic management in DME
	Glycemic control
	Blood pressure and lipid control
	Renal function
	Perspectives

	Diagnosis of DME and interventional decision-making
	Diagnosis and classifications
	Determining therapeutic interventions
	Perspectives

	Anti-VEGF agents for DME
	Anti-VEGF agents
	Efficacy
	Safety
	Choice of agents
	Treatment regimens
	Treatment of persistent DME
	Perspectives


	Steroids for DME
	Benefits and risks
	Perspectives

	Laser photocoagulation for DME
	Focal (direct)/grid laser
	Benefits and risks
	Combination with an anti-VEGF agent
	Panretinal photocoagulation
	Perspectives

	Vitrectomy for DME
	Purpose and mechanism
	Outcomes
	Complications
	Prognostic factors
	Management of recurrent macular edema after vitrectomy
	Patient selection
	Perspectives

	Conclusion
	Acknowledgements
	References




