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tics. The following guidance for the management of DME has 
been composed from the best updated knowledge of lead-
ing experts in Europe and represents another volume in the 
series of EURETINA recommendations for the management 
of retinal disease.  © 2017 S. Karger AG, Basel 

 Introduction 

 The prevalence of diabetic macular edema (DME) is 
continuously rising worldwide and has become one of the 
major causes of vision loss in the working-age popula-
tion. Clinical parameters and new diagnostic parameters 
from imaging with optical coherence tomography (OCT) 
as well as the overall advances of OCT technology have 
been identified to stage the disease. However, a large va-
riety of therapeutic strategies are available to the ophthal-
mologist: laser photocoagulation, anti-vascular endothe-
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 Abstract 

 Diabetic retinal disease is envisioned to become the plague 
of the coming decades with a steep increase of worldwide 
diabetes incidence followed by a substantial rise in retinal 
disease. Improvements in diagnostic and therapeutic care 
have to cope with this dilemma in a clinically and socioeco-
nomically efficient manner. Laser treatment has found a less 
destructive competitor in pharmacological treatments. As a 
consequence of recent rigorous clinical trials, laser photoco-
agulation is no longer recommended for the treatment of 
diabetic macular edema (DME), and anti-vascular endothe-
lial growth factor therapy has emerged as first-line therapy. 
Steroids have maintained a role in the management of 
chronically persistent DME. The paradigm shifts in therapy 
are accompanied by a substantial break-through in diagnos-
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lial growth factor (VEGF), steroid and surgical therapy 
are applied with different procedures and their own com-
plications. A novel era of DME therapy has started with 
these diverse approaches. These guidelines shall give an 
overview on the current available diagnostic and thera-
peutic procedures and recommend their application.

  Clinical Features of Diabetic Retinopathy 

 Diabetic retinopathy (DR) is the term applied to de-
scribe the microvascular abnormalities that are seen in 
the fundus of persons with diabetes on clinical examina-
tion or on color fundus photography. The earliest and the 
least severe manifestation is the dot-like microaneurysms 
(MA) which are localized saccular outpouchings of the 
capillary wall and appear as tiny red dots with sharp mar-
gins. MA occur frequently in relation to areas of capillary 
nonperfusion, but the latter is an angiographic diagnosis. 
Retinal hemorrhages are another important manifesta-
tion of DR and are found throughout the fundus ( Fig. 1 ) 
They may be flame-shaped, if located in the nerve fiber 
layer, or dot or blot-like, if located in the middle layers
of the retina. Intraretinal microvascular abnormalities 
(IRMA) are tortuous and dilated intraretinal microvascu-

lar segments. Venous dilation and beading are typical 
DR-related changes, and the latter in particular represent 
focal increases in venous caliber, resembling a string of 
beads. Hard exudates are another manifestation of DR, 
arising as a consequence of chronic localized leakage 
from the retinal vessels ( Fig. 2 ). Hard exudates are main-
ly composed of lipid and appear as yellowish white lesions 
usually with distinct margins and occur close to clusters 
of MAs. Soft exudates, otherwise termed cotton wool 
spots, arise when there is a block in the flow of axoplasm 
in the retinal nerve fiber layer which occurs due to focal 
ischemia. They represent infarcted inner retina and ap-
pear as greyish-white round or oval areas with ill-defined 
feathery edges.

  Diabetic Macular Edema 
 DME represents an accumulation of fluid within the 

central portion of the retina, which arises as a consequence 
of failure of the blood-retinal barrier (BRB). Diffuse ede-
ma is caused by extensive capillary leakage, whereas local-
ized edema is caused by focal leakage from grouped MAs. 
DME can occur in isolation without other signs of micro-
angiopathy in the fundus; therefore, it merits being classi-
fied as a separate entity. It is often associated with hard 
exudates and causes blurring and distortion of central vi-

  Fig. 1.  Standard photograph depicting MA and hemorrhages from 
diabetic retinopathy study. Report number 6 and 7. Courtesy of 
 Investigative Ophthalmology & Visual Science   [166] . 

  Fig. 2.  Severe lipid exudation with hard exudates from grouped 
MA from diabetic retinopathy study. Report number 6 and 7. 
Courtesy of  Investigative Ophthalmology & Visual Science   [166] . 
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sion, which is reflected in a reduction in best-corrected 
visual acuity (BCVA). The Wisconsin Epidemiologic 
Study of Diabetic Retinopathy found that 20% of patients 
with type 1 diabetes and 25% of those with type 2 diabetes 
will develop DME after 10 years of follow-up  [1] .

  Proliferative DR 
 This entity is described in the context of the manage-

ment of DME as diagnostic and therapeutic studies have 
recently shown that the pathways of DME and DR are 
tightly interconnected and that pharmacological therapy 
affects both manifestations in an interchangeable man-
ner.

  Proliferative DR (PDR) refers to the development of 
vascular and fibrous tufts that arise from the retinal blood 
vessels and ramify into a network that spreads either 
within the retina or at the interface between the retina and 
the vitreous. Retinal hypoxia is the main driver for neo-
vascularization, and as these vessels carry little or no peri-
cytes, they are friable and bleed easily. The neovascular-
ization seen on the fundus has been described as new ves-
sels elsewhere (NVE) when located away from the optic 
disc, and as new vessels on the disc (NVD) when either 
on the optic disc or within 1 disc diameter of its margin. 
Hemorrhage from these vessels can lie within the retina, 
at the vitreoretinal interface or in severe cases within the 
vitreous. When preretinal, the hemorrhage may be cres-
centic shaped, oval, or linear. Hemorrhage further for-
ward into the vitreous cavity is considered vitreous hem-
orrhage. The presence of blood particularly in the macu-
lar retina and within the vitreous leads to severe loss of 
vision. Blood is also inimical to the integrity of the retina. 
Subsequent development of fibrous bands resulting from 
organized hemorrhage can consecutively result in trac-
tion of the retina.

  Angiographic Manifestations in DME 

 Rationale 
 Fluorescein angiography (FA) has been a valuable di-

agnostic tool in DR for decades and is formally recog-
nized as an essential component in the assessment of se-
verity of the pathology and delineation of location of ret-
inal alteration to allow appropriate and targeted laser 
therapy  [2] . However, there is currently only moderate 
consensus on the role of FA in the management of DME, 
as nowadays some clinicians would base treatment deci-
sion on the basis of OCT only. Nonetheless, FA remains 
the only commonly approved modality that can distin-

guish nonleaking from leaking MA, define clearly the 
presence of IRMA, and delineate areas of capillary non-
perfusion and widening of the foveal avascular zone 
(FAZ) in the macular retina  [3] . Thus, an obvious indica-
tion for FA in relation to DME is to have accurate infor-
mation on the location of areas to eventually be treated by 
focal laser. With the advent of anti-VEGF therapies with 
the corresponding reduction in the need for laser, and the 
detailed morphological imaging possibilities with high-
resolution OCT and the newest modality of OCT angiog-
raphy (OCT-A), questions have arisen on the need for 
conventional FA. However, standard spectral-domain 
OCT (SD-OCT) cannot identify foveal ischemia and wid-
ening of the FAZ which are important prognostic indica-
tors of outcome. First studies with OCT-A suggest that 
this modality will be able to quantify the aforementioned 
 [4–10] . A major advantage of OCT-A versus FA is the 
potential to focus on different retinal layers in depths and 
highlight alterations at the level of the deep capillary plex-
us as a primary event in DR. However, MA often remain 
silent in the flow-based OCT-A modality. To date, FA al-
lows a more comprehensive assessment of the extent of 
the morphological damage to the macular microcircula-
tion prior to initiation of treatment and therefore better 
monitoring of change and responsiveness to treatment. 
This might change in the near future as many studies are 
currently conducted on the interpretation of OCT-A and 
as this technology advances fast. Nevertheless, as OCT-A 
reproduces perfusion rather than structural vascular fea-
tures, the OCT-A technology in terms of hardware, e.g. 
swept source, longer wavelength, and software, e.g. im-
proved algorithms for slow flow detection and elimina-
tion of projection artifacts, is subject to intensive scien-
tific evaluation not resulting in solid clinical conclusions 
yet. Another important attribute of FA is the ability to 
scrutinize the retinal periphery with the recent advances 
in widefield imaging.

  Widefield angiography is helpful for visualizing areas of 
peripheral neovascularization and assessment of the perfu-
sion status of the peripheral retina. There is increasing ev-
idence of peripheral nonperfusion in eyes with DME. 
These nonperfused peripheral regions act as the source of 
growth factors such as VEGF or inflammatory cytokines, 
which in turn create exudative pathology within the mac-
ula. Targeted ablation of areas of peripheral ischemia could 
switch off growth factor release and improve central retinal 
morphology and function. The identification and moni-
toring of these areas of peripheral ischemia during treat-
ment with anti-VEGF agents could be used as a sensor or 
biomarker for therapeutic effect in the future.
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  Evidence 
 In DME, the appearance of the macula on FA is highly 

characteristic, with MA and IRMA interspersed between 
areas of focal or diffuse hyperfluorescence representing 
leakage from the incompetent macular microcirculation 
 [11] . In addition, regions of capillary loss and dilation, 
arteriolar abnormalities and cystoid changes can be ob-
served. When DME leakage is focal from groups of MA, 
there is usually surrounding accumulation of lipid that 
assumes a circinate distribution  [3] . Ectatic dilated leak-
ing perifoveal capillaries are seen and can be difficult to 
distinguish from other conditions such as perifoveal tel-
angiectasia  [12] , thus emphasizing the importance of ob-
taining an FA prior to DME therapy initiation. The Early 
Treatment Diabetic Retinopathy Study (ETDRS) relied 
on the use of FA as a guide for focal treatment of indi-
vidual leaking MA and macular grid laser to areas of dif-
fuse leakage and capillary nonperfusion with therapeutic 
benefit  [11] . Furthermore, in one study when using abla-
tive therapies such as laser, the use of FA to delineate the 
areas requiring treatment resulted in improved accuracy 
 [2] . More recently, the relationships between OCT and 
FA findings have been explored and the various charac-
teristics related to each other indicating that both overlap 
and the complementarity of findings  [13, 14] . Simultane-
ous FA and SD-OCT allow improved characterization of 
DME features and allow distinction of perfused MA from 
nonperfused MA as well as the ability to localize fluid to 
different retinal layers  [15] . In a recent study, abnormali-
ties of choroidal perfusion were detected by indocyanine 
green angiography, and the combination of this imaging 
modality along with enhanced-depth OCT imaging and 
FA were reported as superior indicators of ocular perfu-
sion status in diabetic eyes  [16] . Emerging data also indi-
cate that regular OCT cannot replace FA as it is not pos-
sible to predict FAZ outline and size based on the metrics 
of retinal thickness or through the evaluation of the reti-
nal structure using the former  [17] . This might change as 
OCT-A is further evaluated in ongoing studies.

  Another important consideration is the advent of 
widefield imaging combined with FA which has vastly 
improved our understanding of the role of peripheral vas-
cular changes in driving central macular pathology  [18] . 
Various studies have shown that peripheral ischemia is 
strongly related to presence and severity of DME as well 
as recalcitrance to therapy. When widefield imaging is 
used to calculate the ischemic index, the mean decrease 
in central macular thickness is highest in the lowest isch-
emic index group and least in the in the worst ischemic 
index group  [19] . In summary, the information that is 

obtained from FA on central macular and peripheral ret-
inal changes is critically important for the evaluation of 
the severity of the disease, aids in staging purposes, and is 
helpful in the monitoring of outcomes following treat-
ment.

  Recommendation 
 FA is an important diagnostic tool for assessment of 

the central and peripheral retina. It is recommended that 
FA is performed prior to the initiation of therapy to de-
lineate and stage the DME and DR pathology. FA may be 
repeated as needed in the event of nonresponsiveness to 
therapy and/or for monitoring patients in the long term. 
OCT-A may be used to accompany FA imaging for its 
potential to offer additional insight into capillary loss and 
attribution to the superficial or deep capillary plexus 
mainly because of its non-invasive nature.

  Features in Optical Coherence Tomography 

 Rationale 
 Since its first introduction, OCT has become the most 

frequently used diagnostic tool in ophthalmology and has 
revolutionized clinical imaging for diagnosis and disease 
management in most retinal diseases including DME. 
OCT is a fast, noninvasive technology that produces in 
vivo images of the retina. The most recent third-genera-
tion OCT technology uses a swept-source (SS) light 
source that allows very fast imaging and provides three-
dimensional raster images of high microstructural reso-
lution, also referred to as optical histology  [20] . The most 
commonly used second-generation OCT nowadays is 
SD-OCT allowing three-dimensional raster scans of up to 
a few hundred B-scans, also creating high-resolution im-
ages, but working slower than SS-OCT. It supersedes 
time-domain (TD)-OCT that allowed imaging of 6 radial 
cuts only.

  All OCT generations are able to generate central reti-
nal thickness (CRT) values, but TD-OCT is less accurate 
due to its more likely decentration from the fovea and less 
available B scans. Nevertheless, CRT has been used as a 
quantitative feature to evaluate disease activity, progres-
sion, and treatment response ever since OCT was avail-
able in ophthalmology. Although there is a correlation 
between best-corrected visual acuity (BCVA) letter score 
and CRT in DME under therapy with anti-VEGF agents, 
this correlation is weak during the first year of therapy
( r  = 0.34–0.41) and largely lost in the long term  [21] . The 
new OCT generations of SD- and SS-OCT are able to vi-
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sualize qualitative features in more detail than TD-OCT, 
among others subretinal fluid (SRF;  Fig. 3 ), intraretinal 
cystoid fluid (IRC;  Fig. 4 ), disruption or thickness chang-
es of retinal layers (e.g., disorganization of the retinal in-
ner layers [DRIL];  Fig.  5 ), and the status of the vitreo-
macular interface ( Fig. 3 ). These devices can also visualize 
the destructive response of the retina when applying laser 
 [22]  ( Fig. 6 ). However, TD-OCT had been used in most 
large clinical phase III trials evaluating the use of anti-
VEGF agents in DME (RIDE/RISE  [23] , RESTORE  [24–
26] , DRCR.net protocol I  [27] ); only few recent large tri-
als have used SD-OCT (VIVID DME/VISTA DME  [28] , 
DRCR.net protocol T  [29] , RETAIN  [30] ). Advances in 
OCT like Doppler-OCT and OCT-A ( Fig.  7 ) allow the 
visualization of vascular structures and can differentiate 
between perfusion and nonperfusion. Nevertheless, these 
advances are still lacking the ability of visualizing vascular 
leakage.

  Evidence 
 The gold standard in diagnosing DME still remains 

FA. It can detect different hallmarks of DR like MAs, 
PDR, ischemic areas and especially DME due to vascular 
leakage. OCT can be used for screening, classification, 
monitoring, and treatment evaluation of DME. It has the 
ability to provide information on CRT as well as distinct 
morphological features of the edema ( Fig.  3–8 ). Addi-
tionally, it can show persistent morphological changes af-
ter DME treatment. Morphological signs of de novo, per-

sisting, or resolved DME are: SRF (nonreflective space 
between the neurosensory retina and the retinal pigment 
epithelium;  Fig. 3 ), IRC (minimally reflective round or 
oval spaces within the neurosensory retina;  Fig. 3  and  4 ), 
disorganization of inner retinal layers (DRIL;  Fig. 5 )  [31] , 
other integrity changes of inner and outer photoreceptor 
segments line ( Fig. 8 ), and external limiting membrane 
(ELM;  Fig.  8 )  [32] , MA, hard exudates/hyperreflective 
foci ( Fig.  3 )  [33] , epiretinal membranes, or changes in 
choroidal thickness  [34] . Many of these features can be 
seen best (or exclusively) on OCT images and were there-
fore missed by the early DME guideline studies for laser 
therapy. The ETDRS was the gold standard for classifica-
tion and laser therapy planning in DR including, e.g., fo-
cal laser for DME for many years  [35] . But for anti-VEGF 
therapy management, evaluation and monitoring of indi-
vidual treatment responses, OCT is the most used modal-
ity today, particularly as OCT captures fluid-pooling as a 
result of active leaking in DME disease. Therefore, new 
classification systems for DME were proposed in the past 
years. One of these is the SAVE protocol that proposes to 
characterize DME into categories of SRF, area of affected 
retina by IRC, vitreoretinal interface abnormalities (in-
terface abnormalities).

  In large clinical trials to date, CRT was the only OCT 
criterion used for evaluation. In the RIDE/RISE  [23]  stud-
ies, treatment was performed monthly with intravitreal 
anti-VEGF, but additional laser treatment was performed 
on an as needed (PRN) basis based on CRT in OCT. In 

  Fig. 3.  A single scan with macular fluid and diffuse retina edema. 
Arrows point to the following features: (a) vitreomacular traction 
(VMT); (b) intraretinal cystoid fluid (IRC); (c) subretinal fluid 
(SRF); (d) hyperreflective foci (HRF). Reproduced with permis-
sion from Heng et al.    [167] . 

  Fig. 4.  Cirrus optical coherence tomography image. The pattern of 
diabetic macular edema indicates cystoid macular edema. Repro-
duced with permission from Arevalo et al.    [168] . 

D
ow

nl
oa

de
d 

by
: 

19
5.

17
8.

83
.1

27
 -

 1
0/

1/
20

17
 2

:3
3:

30
 P

M



 Schmidt-Erfurth    et al.
 

Ophthalmologica 2017;237:185–222
DOI: 10.1159/000458539

190

the RESTORE  [24]  study, where intravitreal anti-VEGF 
monotherapy and laser were compared with a combina-
tion therapy of both for DME, retreatment was based on 
BCVA letter score and the investigator’s decision which 
could include OCT changes and clinical examination. In 
the DRCR.net protocol I  [27]  intravitreal anti-VEGF in-
jections were compared with laser treatment and with in-
travitreal corticosteroid injections. In this study, retreat-
ment was also based on the investigator’s discretion with-
out predefined OCT retreatment criteria. In the VIVID 
DME/VISTA DME  [28]  studies with SD-OCT, a fixed 
treatment regimen was used for intravitreal anti-VEGF 
therapy, and laser retreatment was allowed as indicated 

by ETDRS guidelines. CRT was used as the secondary ef-
ficacy endpoint. In the DRCR.net protocol T  [29] , CRT 
from OCT was one parameter for retreatment decisions. 
In conclusion, all these trials show that BCVA played the 
most important role with regard to retreatment; there-
fore, CRT as an OCT parameter has played little role in 
the study design and analyses of most large clinical phase 
III trials on DME. However, ophthalmologists to date 
agree that treatment regimens must be individualized be-
cause OCT biomarkers are key to identify the best PRN 
treatment scheme for each individual patient. A PRN reg-
imen is the most frequently used treatment regimen for 
DME in anti-VEGF therapy in real life today, but the PRN 

1 mm 1 mm

570 μm DRIL extent
No DRIL

1 mm 1 mm

GCL-IPL-INL interface

INL-OPL interface

OPL-ONL interface

a b

  Fig. 5.  Representative images of the presence or absence of disor-
ganization of the retinal inner layers (DRIL).  a  DRIL is present, 
and retinal layer boundaries can only be partially identified at the 
right-hand edge of the 1-mm box.  b  DRIL is absent, and all retinal 
layer boundaries can be identified throughout the 1-mm box. The 
presence or absence of DRIL is independent of other pathology, 
such as intraretinal cystic changes. Insets are magnifications of the 

central 1-mm-wide area to show segmentation of the inner retinal 
layers, with white lines demarcating interfaces between ganglion 
cell-inner plexiform complex (GCL-IPL), inner nuclear layer 
(INL), outer plexiform layer (OPL), and outer nuclear layer (ONL). 
Reproduced from Sun et al.    [31]  with permission from American 
Medical Association. 
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criteria are not standardized. The individual patient’s 
morphology has a close relationship with the treatment 
response and needs to serve as the basis for these criteria. 
Focal edema classified with the earlier described system, 
for example, may benefit most from anti-VEGF therapy 
with regard to BCVA letter score gain  [36] . Some indi-
vidual OCT biomarkers have already been identified 
from post hoc analyses of the multicenter studies and 
some smaller monocentric studies.

  In the RESTORE study, patients have been treated af-
ter an initial loading phase of 3 consecutive monthly in-
jections on a PRN basis. Here, it could be shown in a post 
hoc analysis that patients with SRF at baseline had higher 
BCVA gains at the end of the first study year than patients 
without SRF at baseline, although no difference in their 
baseline BCVA letter score was detected  [21] . This pro-
tective role of SRF was reconfirmed by an OCT post hoc 
study analysis of the RIDE/RISE trials  [37] . When looking 
at IRC, in RESTORE about 80% of patients had IRC at 
baseline. Patients with less IRC at baseline had a better 
baseline BCVA letter score and remained at a better score 
throughout the entire study duration  [21] . This finding is 
supported by an analysis of another study of preserved 
tissue in 129 DME patients. Here, baseline vision corre-
lated with the volume of preserved neurosensory tissue is 
less IRC between inner and outer retina  [38] . Another 
finding from RESTORE indicated that throughout the 
entire study duration, patients with vitreomacular adhe-
sion showed higher BCVA scores at baseline and main-
tained these better scores under any therapy, whereas pa-
tients with a posterior vitreous detachment started with 
lower BCVA letter scores and improved less than patients 
with vitreomacular adhesion  [21] .

  In an academic study with 120 patients, the impor-
tance of DRIL was shown. DRIL that constituted more 
than 50% of the central millimeter on OCT was associ-

Baseline

Day 1
ba

a b

ELM

INL
OPL
ONL
PRL

  Fig. 6.  Immediate morphologic changes af-
ter grid photocoagulation. Morphologic 
findings before (first line) and 1 day after 
(middle line) laser treatment are shown in 
infrared imaging (left) and OCT (right). 
The green line in the infrared image indi-
cates the position of the scan performed ex-
actly at the same position in both examina-
tions. The red boxes indicate the areas (a, 
b) magnified in the lower line. Laser lesion 
site (red arrows) at the level of the pigment 
epithelium. The blue lines in the magnifi-
cations indicate the characteristic angulat-
ed alteration pattern in each single laser le-
sion. ELM, external limiting membrane; 
INL, inner nuclear layer; ONL, outer nucle-
ar layer; OPL, outer plexiform layer; PRL, 
photoreceptor layer. Reprinted from Bolz 
et al.        [22]  with permission from Elsevier. 

1. Microaneurysms

2. Vascular loops

3. Non-perfusion

4. Neovascularization

5. FAZ erosion

6. Venous beading

7. Multiple capillary beds

  Fig. 7.  Features of diabetic retinopathy visible with optical coher-
ence tomography angiography. Reprinted from Lee et al.        [169]  
with permission from Springer. 
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ated with a worse BCVA score in current and resolved 
edema; DRIL was able to predict a worse change in 
BCVA score until the end of the first year of treatment 
if it occurred in the first 4 months of treatment  [39]  
( Fig. 5 ).

  When monitoring anti-VEGF therapy responses, the 
thickness of the ganglion cell layer (GCL), retinal nerve 
fiber layer (RNFL), and choroidal layer may decrease; a 
correlation with vision loss could only be shown for the 
GCL, whereas a decrease in choroidal thickness during 
therapy does not correlate with less vision gain  [40–42] . 
On the other hand, a thick subfoveal choroid at baseline 
may predict good vision outcomes  [43] . The peripapillary 
RNFL is thickened in all patients with DME before and 
after anti-VEGF therapy compared to non-DME patients 
with signs of DR, although it decreases after anti-VEGF 
 [42] . The appearance of hyperreflective foci ( Fig.  3 ) in 
OCT may precede formation of hard exudates that can be 
seen in fundus biomicroscopy. During anti-VEGF thera-
py, hard exudates increase in number and size  [44, 45] .

  When looking at OCT changes after laser photocoagu-
lation therapy, one day after laser application an oblique 
disruption of the outer retinal layers (retinal pigment ep-
ithelium, photoreceptor layer, and outer nuclear layer) 
can be observed  [22]  ( Fig. 6 ). This disruption is repaired 
in about 50% of the cases within 3 months after photoco-
agulation therapy, but clearly highlights the destructive 
nature of photocoagulation  [46] .

  These morphological analyses show that excellent 
results can be achieved for a PRN regimen in DME, with 
a decreasing number of injections during the disease 
course. In the RESTORE Extension Study, vision im-

provement could be maintained in year 2 (3) with less 
than 4 (3) mean injections compared to 7–8 injections 
in the first year of the study even with the use of CRT 
changes as the only diagnostic criterion. Other than in 
age-related macular degeneration, where a continuous 
injection therapy is necessary, the disease activity seems 
to plateau in DME, which is explained by a disease-
modifying mechanism of VEGF inhibition. This is also 
confirmed by the DRCR.net protocol I, where BCVA 
score improvement could be maintained for 5 years 
with fewer than 5 anti-VEGF injections in years 3–5 
(about one-quarter of patients having no more injec-
tions in year 2, one-third in year 3, and half no more 
injections in years 4 and 5 of the study)  [47, 48] . Pa-
tients had only been treated with anti-VEGF for 6 
months and discontinued if no more change could be 
seen (improvement or worsening) – even if retinal fluid 
persisted  [27] . The examples of multimodal imaging in 
patients with different therapy responses are presented 
in  Figures 9  and  10 . Compared to age-related macular 
degeneration where a “no tolerance” retreatment is 
usually used (CATT, HARBOR) and recommended 
 [49] , this means that a restrained treatment frequency 
based on BCVA and OCT monitoring can be chosen in 
DME. Further analyses must prove if a certain mor-
phology pattern can be identified for patients who lose 
vision after discontinuing treatment in persisting DME 
after 6 months. Here, especially high resolution SD- 
and SS-OCT with its tight B-scan spacing will be of 
great value. The ability of imaging the vascular network 
with Doppler-OCT and OCT-A ( Fig. 7 ) will further in-
crease the insight in DME as a vascular disease and may 

Group A
IS/OS+/ELM+

Group B
IS/OS–/ELM+

Group C
IS/OS–/ELM–

ELM IS/OS Intact ELM

Disrupted IS/OS

Disrupted ELM length

Disrupted IS/OS length

500 μm

a b c

  Fig. 8.  The pattern of the photoreceptor inner and outer segment 
junction (IS/OS) and external limiting membrane (ELM) within 
500 μm from the center of the fovea at the final visit obtained by 
SD OCT after resolution of diabetic macular edema.  a  Completely 

visible IS/OS and ELM (IS/OS+/ELM+).  b  Disrupted IS/OS and 
intact ELM (IS/OS − /ELM+).  c  Disruption or loss of IS/OS and 
ELM (IS/OS − /ELM − ). Reprinted from Shin et al.    [32]  with per-
mission from Springer. 
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deliver new hypotheses on imaging biomarkers. Indi-
vidualized retreatment criteria based on OCT biomark-
ers may be established in the future.

  Recommendation 
 In order to diagnose DME, OCT should be accompa-

nied by baseline FA and continued fundus biomicros-
copy. When diagnosed and treated, a recurrence of ede-
ma can usually be monitored solely by OCT in combina-
tion with visual acuity measurements. Robust OCT 
biomarkers need to be reassured in large-scale clinical 
studies, but evidence indicates that good baseline predic-
tors for a good treatment response with regard to high 
vision gains and/or good final visual acuity are SRF and/
or small IRC and/or vitreomacular adhesion at baseline 
 [21, 50] . The disorganization or disruption of the inner 
retinal layers  [31] , disruption of the inner and outer pho-
toreceptor segments and/or ELM  [32] , and a thin subfo-
veal choroid at baseline  [43]  may predict bad visual acu-
ity after therapy.

  Findings in OCT include qualitative and quantitative 
measures. CRT is an established quantitative measure-

ment. As a CRT increase consists of SRF and/or IRC 
and/or diffuse thickening, distinguishing between the 
different qualities may be useful. PRN treatment based 
solely on CRT changes is a practical approach for the 
management of DME; other promising more robust in-
dividual OCT features have to be confirmed before they 
can feed into retreatment decisions. The next develop-
ment will likely allow the quantification of these quali-
tative biomarkers. Segmentation of retinal layers, IRC 
and SRF and volumetric computation for these features 
may have an impact on individualized PRN regimens 
 [51, 52] .

  Once criteria are validated, most recent OCT technol-
ogy with high resolution and dense scanning will help 
three-dimensional image analysis to be automated and 
to detect disease activity as smallest morphological 
changes early on. Therefore, the optimal recommenda-
tion is to monitor disease activity on a monthly basis with 
OCT even if no treatment is needed or intended in order 
to identify morphological changes as early as possible. 
These recommendations are based on evidence levels I 
and II.

a b c d

e f

  Fig. 9.  A diabetic macular edema (DME) eye showing a good re-
sponse to anti-vascular endothelial growth factor treatment. Base-
line fundus photography ( a ) and fluorescein angiography (FA) ( b ) 
of the eye. Optical coherence tomography angiography showing 
multiple microaneurysms in the deep capillary plexus ( d ), but 
none in the superficial capillary plexus ( c ). Yellow circles indicate 

microaneurysms that were not depicted on FA. Red circles indicate 
a microaneurysm that is also seen on the FA images. Compared 
with the baseline spectral-domain optical coherence tomography 
(SD OCT) ( e ), the follow-up SD OCT ( f ) showed improved macu-
lar edema after 3 bevacizumab injections. Reprinted from Lee et al. 
           [170] . 
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  Therapeutic Strategies 

 Laser Therapy 
 Rationale 
 Laser photocoagulation has represented the standard 

of care for the treatment of DME prior to the advent of 
the intravitreal injection approach. The efficacy of focal 
laser treatment has been related to the occlusion of leak-
ing vessels, especially MA, but the exact mechanism by 
which focal photocoagulation reduces DME is unknown. 
The mechanism of action of laser is mainly based on the 
destruction of ischemic retina, leading to improved oxy-
genation of neighboring retinal areas, reduced produc-
tion of proangiogenetic factors, and also release of cyto-
kines from the retinal pigment epithelium and Muller 
cells. Different types of laser can be used, including Argon 
green (514 nm), dye yellow (577 nm), Krypton red (647 
nm), and diode (810 nm) laser.

  Evidence 
 The ETDRS specifically explored the benefits of laser 

treatment in DME. Laser photocoagulation was pre-
scribed for all lesions located within 2 disc diameters of 
the macular center. The results at 3 years demonstrated 
that patients who were treated with focal photocoagula-
tion for clinically significant macular edema achieved a 
50% reduction in the risk of moderate visual loss (losing 
>15 letters of BCVA) compared to controls (12–24%)  [11, 
53] . Unfortunately, only 3% of patients showed a visual 
acuity improvement of 3 or more lines. Focal laser energy 
application should be addressed to leaking MA in combi-
nation with grid laser treatment of areas of diffuse macu-
lar leakage and nonperfusion in thickened retinas. Com-
plications associated with conventional lasers include 
color vision, night vision, and contrast sensitivity impair-
ment, along with enlargement of laser scars, secondary 
choroidal neovascularization, subretinal fibrosis, and vi-
sual-field sensitivity deterioration.

  Another randomized clinical trial, Protocol B of the 
DRCR.net, confirmed the positive effects of focal/grid 

a b c d

e f

  Fig. 10.  A diabetic macular edema (DME) eye showing a good re-
sponse to anti-vascular endothelial growth factor treatment. Base-
line fundus photography ( a ) and fluorescein angiography (FA) ( b ) 
of the eye. Optical coherence tomography angiography showing 
multiple microaneurysms in the deep capillary plexus ( d ), but 
none in the superficial capillary plexus ( c ). Yellow circles indicate 

microaneurysms that were not depicted on FA. Red circles indicate 
a microaneurysm that is also seen on the FA images. Compared 
with the baseline spectral-domain optical coherence tomography 
(SD OCT) ( e ), the follow-up SD OCT ( f ) showed improved macu-
lar edema after 3 bevacizumab injections. Reprinted from Lee et al. 
           [170] . 
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photocoagulation, demonstrating that in phakic patients 
laser was more effective than intravitreal injection of tri-
amcinolone acetonide in DME patients at both 2 and 3 
years of follow-up  [54, 55] .

  A more recent laser application is subthreshold grid 
laser treatment, which has been proposed in an attempt 
to minimize the destructive aspects of conventional grid 
laser photocoagulation, obtaining encouraging results 
 [56] . The fundamental concept of subthreshold grid laser 
treatment is to reduce the laser damage to neurosensory 
layers by reducing the duration of light exposure and by 
using a subvisible clinical endpoint. In particular, the mi-
cropulse diode laser allows the release of micropulses 
with low energy per pulse in order to confine the energy 
to the cells of the retinal pigment epithelium (RPE), 
avoiding lateral thermal spreading. A few randomized 
clinical trials have demonstrated that subthreshold grid 
laser treatment is as effective as conventional focal/grid 
laser photocoagulation, even though slower in terms of 
resolution of DME, in achieving the same functional and 
anatomical effects  [57, 58] .

  During the era of anti-VEGF, the DRCR.net Protocol 
I study was performed to evaluate if prompt or deferred 
laser in addition to ranibizumab therapy would be of ben-
efit with regard to BCVA gain after 5 years of treatment. 
The results showed that among eyes treated with ranibi-
zumab, results were similar after 12 months whether laser 
was given starting with the first injection or by 24 weeks 

deferred  [27] . But deferring laser led to a superior area 
under the curve (AOC) regarding BCVA ( Fig. 11 ), espe-
cially in eyes with BCVA at baseline lower than 69 letters 
( Fig. 12 ) and the number of patients achieving a >15 letter 
BCVA gain was higher in patients with deferred laser 
therapy  [48] . Laser therapy has therefore been taken from 
the position of first-line recommendation and is rather 
considered to be harmful by many retina experts. Refer to 
the different sections of injection therapy to find evidence 
on the efficacy of laser versus anti-VEGF or steroid injec-
tion therapy.

  In the presence of DME and high-risk non-PDR or 
PDR, DRCR.net Protocol S  [59]  data clearly revealed su-
periority of anti-VEGF (ranibizumab) therapy as the sole 
intervention which improves BCVA and additionally in-
duces regression of PDR.

  Recommendation 
 Laser treatment has been shown to be an effective 

treatment option in the management of DME in the ear-
ly pioneering studies compared to sham treatment, but is 
currently in the era of anti-VEGF injection clearly not the 
standard of care anymore. Relative indications include la-
ser application especially to the vasogenic subform of 
DME, which is clinically characterized by the presence of 
focally grouped MA and leaking capillaries. A further in-
dication is represented by eyes affected by DME with 
CRT less than 300 μm or eyes with persisting vitreomacu-
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156 weeks n = prompt: 144/deferred: 147
208 weeks n = prompt: 127/deferred: 122
260 weeks n = prompt: 124/deferred: 111

  Fig. 11.  DRCR.net Protocol I study. Mean 
change in visual acuity at follow-up visits. 
Open triangle (prompt) = ranibizumab + 
prompt laser treatment; closed square (de-
ferred) = ranibizumab + deferred laser 
treatment. Visual acuity change truncated 
to ±30 letters. Results were similar without 
truncation (data not shown). Difference in 
mean change in visual acuity at 5 years 
from longitudinal model:                      p  value adjusted 
for baseline visual acuity = 0.09;  p  value ad-
justed for baseline visual acuity and other 
potential confounders = 0.15. Reprinted 
from Elman et al.  [48]  with permission 
from Elsevier. 
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lar adhesion, because comparable results can be achieved 
by means of laser photocoagulation or anti-VEGF injec-
tions  [24] . Subthreshold grid laser treatment can be help-
ful in eyes with higher visual acuity affected by early dif-
fuse DME, in order to avoid the collateral thermal diffu-
sion and the consequent chorioretinal damage as a less 
expensive option. In general, there is no support for the 
evidence that laser would add more benefit than pharma-
cotherapy, but rather reduce the gain. Economic consid-

erations based on the costs of anti-VEGF substances or 
the lower number of interventions and monitoring visits 
with laser do not outweigh the disadvantages of laser in 
DME.

  Anti-VEGF Agents 
 Bevacizumab 
  Rationale.  Bevacizumab (Avastin) is a full-length, hu-

manized, monoclonal antibody that binds to and inhibits 
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  Fig. 12.  DRCR.net Protocol I study. Mean 
change in visual acuity (VA) at follow-up 
visits stratified by baseline VA subgroup. 
Open triangle (prompt) = ranibizumab + 
prompt laser treatment; closed square (de-
ferred) = ranibizumab + deferred laser 
treatment. VA change truncated to ±30 let-
ters.                      p  value for interaction of treatment 
group with baseline VA over 5 years from 
the longitudinal model = 0.004. Reprinted 
from Elman et al.    [48]  with permission 
from Elsevier. 
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all VEGF isoforms. The molecule was developed to re-
duce tumor growth by inhibiting pathological tumor ves-
sel formation in metastatic colon cancer  [60] . The medi-
cation has received approval by the Food and Drug Ad-
ministration (FDA) and the European Medicines Agency 
(EMA) for systemic treatment of several cancer forms. In 
oncology, treatment is administered as systemic infusions 
at doses of 5–15 mg/kg every 2 or 3 weeks with known 
increased risk of thromboembolic events, hypertension, 

hemorrhages, and gastrointestinal perforation. Bevaci-
zumab was designed for a prolonged retention in serum. 
The Fc region of the bevacizumab antibody binds to FcRn 
receptors that are highly expressed in vascular endothe-
lial cells. The molecule is thereby protected from proteo-
lytic catabolism and recycled systemically  [61] . Based on 
a pharmacokinetic analysis of 491 patients who received 
1–20 mg/kg of bevacizumab weekly, every 2 or every 3 
weeks, the estimated half-life of bevacizumab in serum 
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  Fig. 13.  DRCR.net Protocol T study. Mean 
change in visual acuity over time: shown 
are the changes in visual acuity overall ( a ) 
and according to baseline visual acuity ( b ). 
 b  Solid lines indicate baseline visual acuity 
of 20/50 or worse, and dashed lines indicate 
baseline visual acuity of 20/32 to 20/40. 
Outlying values were truncated to 3 SD 
from the mean. The number of eyes as-
sessed 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 (see Fig. S2 
in the Supplementary Appendix of the cit-
ed publication for the exact number as-
sessed at each 4-week interval). T bars in-
dicate 95% confidence intervals. Reprinted 
from Wells et al.                    [29]  with permission from 
Massachusetts Medical Society. 
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was approximately 20 days, ranging from 11 to 50 days. 
When used off-label for ocular disease, the standard dose 
of intraocular bevacizumab is 1.25 mg in 0.05 mL. Intra-
vitreal half-life of bevacizumab in human vitreous sam-
ples after one single injection ranged from 3 to 6.7 days 
 [62] . Systemic retention after intravitreal treatment with 
bevacizumab was measured in patients with DME, with 
significantly reduced systemic plasma levels of VEGF up 
to 4 weeks after a single bevacizumab injection  [63, 64] .

  Intraocular bevacizumab is widely used as an off-label 
treatment for neovascular age-related macular degenera-
tion (nAMD) and DME. Bevacizumab vials can be divid-
ed into multiple dosages and the cost is manifold lower 
compared to ranibizumab and aflibercept. Since bevaci-
zumab is not approved for the treatment of ocular disease, 
there has been a pressing need for robust comparative 
data of efficacy and safety.

   Evidence.  In March 2015, the DRCR.net published the 
first-year results of the Protocol T study. Protocol T is a 
randomized clinical trial, sponsored by the National In-
stitutes of Health (NIH)  [29] . The purpose was to com-
pare efficacy and safety of intravitreal aflibercept, bevaci-
zumab, and ranibizumab for the treatment of DME in-
volving the center of the macula with vision loss. The 
study included 660 patients at a mean age of 61 ± 10 years, 
of which 90% had diabetes type 2. The mean visual acuity 
at baseline was 64.8 ± 11.3 letters (Snellen equivalent, ap-
proximately 20/50), and the mean CRT was 412 ± 130 μm. 
The completion of the 1-year visit was 96%.

  At 1 year, the mean BCVA letter score improved by 
13.3 letters when treated with aflibercept, 9.7 letters with 
bevacizumab, and 11.2 letters with ranibizumab. The 
overall better results for aflibercept in the general popula-
tion were, however, not considered relevant due to inter-
action between baseline BCVA letter score and treatment 
results. When the initial BCVA score was 69 letters or 
more (Snellen equivalent, 20/40 or better), the mean 
BCVA letter score improved by 8.0 ± 7.6 for aflibercept, 
7.5 ± 7.4 for bevacizumab and 8.3 ± 6.8 for ranibizumab, 
with no statistically significant difference between the 
treatment groups. For study eyes with an initial BCVA 
score of less than 69 letters (Snellen equivalent 20/50 or 
worse), the mean improvement was 18.9 ± 11.5 for afliber-
cept, 11.8 ± 12.0 for bevacizumab, and 14.2 ± 10.6 for ra-
nibizumab. Between the treatment groups with this lower 
baseline BCVA, there was a clear significant difference in 
favor of aflibercept, compared to bevacizumab and ran-
ibizumab ( p  = 0.0001 for aflibercept vs. bevacizumab,  p  = 
0.0003 for aflibercept vs. ranibizumab,  p  = 0.21 for rani-
bizumab vs. bevacizumab;  Fig. 13 ). The median number 

of intravitreal injections needed to achieve the BCVA 
gain was 9 (interquartile range 8–11) in the aflibercept 
group, 10 (8–12) in the bevacizumab group and 10 (8–11) 
in the ranibizumab group. The greatest mean reduction 
in CRT was 169 ± 139 μm for eyes treated with aflibercept, 
while the CRT was reduced by 101 ± 121 μm for bevaci-
zumab and 147 ± 134 μm for ranibizumab (intravitreal 
injections needed to achieve the BCVA gain was 9 [inter-
quartile range 8–11] in the aflibercept group, 10 [8–12] in 
the bevacizumab group, and 10 [8–11] in the ranibizum-
ab group) supporting a superior efficacy of aflibercept. 

  For the 2-year results of Protocol T  [65] , the findings 
slightly changed. BCVA gain at 2 years was 12.8 letters in 
the aflibercept, 10.0 letters in the bevacizumab, and 12.3 
letters in the ranibizumab group (pairwise comparisons: 
 p  = 0.02 for aflibercept vs. bevacizumab,  p  = 0.47 for 
aflibercept vs. ranibizumab, and  p  = 0.11 for ranibizumab 
vs. bevacizumab), suggesting that ranibizumab caught up 
its overall difference in BCVA gain compared to afliber-
cept, but bevacizumab did not. The median number of 
intravitreal injections needed in the second year to main-
tain the BCVA gain was 5 (2–7) in the aflibercept group, 
6 (2–9) in the bevacizumab group, and 6 (2–9) in the ra-
nibizumab group. The greatest mean reduction in CRT 
was 171 ± 141 μm for eyes treated with aflibercept, while 
the CRT was reduced by 126 ± 143 μm for bevacizumab 
and 149 ± 141 μm for ranibizumab, with a statistically 
significant difference between bevacizumab and the other 
two drugs. The percentages of eyes undergoing at least 
one session of laser photocoagulation during the two 
years were 41, 64, and 52% in the aflibercept, bevacizu-
mab, and ranibizumab groups.

  Dividing patients again into subgroups by baseline vi-
sual acuity, the subgroup with a better BCVA letter score 
(>69 letters) showed no statistical significance between 
the drugs, like in year one. The subgroup with less than 
69 letters at baseline showed a mean BCVA letter score 
improvement to two years of +18.1 ± 13.8 letters (afliber-
cept), +13.3 ± 13.4 letters (bevacizumab) and +16.1 ± 12.1 
letters (ranibizumab) (aflibercept vs. bevacizumab,  p  = 
0.02; aflibercept vs. ranibizumab,  p  = 0.18; ranibizumab 
vs. bevacizumab,  p  = 0.18), demonstrating that both 
aflibercept and ranibizumab remain the better choice for 
patients with poor baseline visual acuity ( Fig. 14 ).

  Safety concerns regarding intravitreal bevacizumab 
have been an issue for many ophthalmologists over the 
last decade. Systemic exposure by the serum is known to 
be higher for bevacizumab and aflibercept compared to 
ranibizumab. The clinical significance of this is still un-
clear. The trial comparing aflibercept, bevacizumab, and 
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ranibizumab for the treatment of DME demonstrated 
more cardiovascular events in the ranibizumab group 
compared to the aflibercept and bevacizumab groups. 
This finding is not consistent with data from previous tri-
als with ranibizumab for DME  [26, 28, 66–69] . Since the 
study was not powered to detect differences in adverse 
events between the medications, the observations might 
have been due to chance. Multicenter trials (including a 
Cochrane database systematic review) comparing bevaci-
zumab and ranibizumab for the treatment of nAMD did 

not reveal any significant differences in safety between 
the two medications  [49, 70–73] . Diabetic patients, how-
ever, may differ from patients with nAMD, and safety 
data from patients with nAMD might therefore not be 
directly applicable to diabetic patients. Efficacy and safe-
ty of bevacizumab for the treatment of DME remains to 
be further explored.

   Recommendation.  The comparative trial from the 
DRCR.net has provided data about efficacy and safety for 
bevacizumab, aflibercept, and ranibizumab. According to 
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  Fig. 14.  DRCR.net Protocol T study. Graphs show the mean change 
in visual acuity over time stratified by baseline visual acuity (ap-
proximate Snellen equivalent): overall ( a ), 20/50 or worse ( b ), and 
20/32 to 20/40 ( c ). Change in visual acuity was truncated to 3 stan-
dard deviations from the mean. The number of eyes at each time 
point ranged from 195 to 224 in the aflibercept group, 185–218 in 

the bevacizumab group, and 188–218 in the ranibizumab group 
(see Fig. S1 in the Supplementary Appendix and Fig. S2 in the 1 
Year Supplementary Appendix 2 of the cited publication for the 
number at each time point; available at www.aaojournal.org). Re-
printed from Wells et al.                    [65]  with permission from Elsevier. 
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these results, the choice of treatment for DME depends 
on the baseline BCVA letter score. While aflibercept and 
ranibizumab are the drugs of choice for BCVA letter 
score of less than 69, all three medications are equivalent 
in improving vision in eyes with a baseline BCVA letter 
score of 69 or more. The numbers of serious adverse 
events were altogether small, but the follow-up was short. 
The much lower cost of off-label use of intravitreal beva-
cizumab is indisputable, but all three medications should 
be available to ophthalmologists who are responsible for 
tailoring the treatment for each patient with DMA.

  Ranibizumab 
  Rationale.  Ranibizumab (Lucentis) is a recombinant 

humanized Fab fragment of a monoclonal antibody, de-
signed for intraocular use, which binds and inactivates all 
isoforms of VEGF-A. The rationale for anti-VEGF ther-
apy for DME is based on the observation that VEGF levels 
are increased in the retina and vitreous of eyes with DR 
 [74] . VEGF has been demonstrated to increase the vessel 
permeability in vivo by increasing the phosphorylation of 
tight junction proteins and thus is an important mediator 
of the BRB breakdown  [75] . Therefore, therapy that in-
hibits VEGF represents an effective therapeutic modality 
targeting the underlying pathogenesis of DME. The intra-
vitreal injection of ranibizumab has been shown to be 

beneficial and relatively safe for the treatment of DME in 
several randomized clinical trials and has become a stan-
dard for treatment of DME.

   Evidence.  Several studies reported the efficacy and su-
periority of ranibizumab to laser photocoagulation in the 
treatment of DME and long-term data recently became 
available, allowing the evaluation of continued therapy 
effects. The RESTORE study was the first study to dem-
onstrate that ranibizumab monotherapy provides signifi-
cantly superior benefit over laser in patients with visual 
impairment due to DME  [24] .

  RESTORE was a phase III, randomized, double-
masked, 12-month study comparing ranibizumab mono-
therapy or combined with laser therapy with laser therapy 
alone  [24] . Ranibizumab was given monthly during the 
first 3 months then PRN according to protocol-pre-
defined retreatment criteria; laser was given at baseline as 
needed. The protocol required that monthly injections 
have to be continued if stable BCVA was not reached at 
the last two consecutive visits. At month 12, ranibizumab 
as monotherapy or combined with laser was significant-
ly superior to laser monotherapy (mean BCVA gain 
+6.1/+5.9 letters ranibizumab arms vs. +0.8 letters, laser 
monotherapy; 15 letter BCVA gain 22.6/22.9% ranibi-
zumab arms, vs. 8.2% laser monotherapy;  Fig. 15 ). The 
mean number of sham treatments was similar in all treat-
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  Fig. 15.  RESTORE study.  a  Mean change in best-corrected visual acuity (BCVA) letter score from baseline to 
month 12.  b  Mean change in central retinal thickness (CRT) from baseline to month 12. SE, standard error. Re-
printed from Mitchell et al.                      [24]  with permission from Elsevier. 
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ment groups. The results of the RESTORE study demon-
strate that treatment with ranibizumab is superior to laser 
treatment alone in improving BCVA in patients with vi-
sual impairment due to DME and that laser does not add 

any benefit. During this 1-year study period, combining 
laser with ranibizumab did not seem to provide any ad-
vantage compared with ranibizumab monotherapy in 
terms of improving BCVA and treatment exposure.
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  Fig. 16.  RESTORE study. Mean of the change in best-corrected 
visual acuity (BCVA) letter score from baseline (day 1) to month 
36 ( a ), and mean of the change in central retinal subfield thickness 
(CRST) score from baseline to month 36 ( b ) (safety set [last ob-

servation carried forward]). ETDRS, Early Treatment Diabetic 
Retinopathy Study; PRN, pro re nata; SE, standard error. Reprint-
ed from Schmidt-Erfurth et al.                      [26]  with permission from Else-
vier. 
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  Based on the results of the RESTORE study, ranibi-
zumab was approved in Europe by the EMA for treatment 
of visual impairment due to DME in 2011. This approval 
was reviewed in 2014. The approved dose in Europe is 0.5 
mg per injection compared to 0.3 mg in the US. The med-
ication is approved for monthly injections continued un-
til the maximum visual acuity is achieved and/or the ab-
sence of activity of the disease.

  The RESTORE Extension study followed the RE-
STORE patients until year 3. Patients with prior ranibi-
zumab or combined therapy could maintain their prior 
CRT decreases and BCVA gains (+8.0/+6.7 letters at year 
3;  Fig. 16 ) with a mean of only 3.7/2.7 retreatments per 
year ( Table 1 ). Patients with prior laser therapy were able 
to receive ranibizumab PRN from year 2 onwards and 
achieved significant CRT decreases and BCVA gains 
(+6.0 letters;  Fig. 16 ). A similar number of patients gained 
>15 letters until the end of year 3 across all 3 treatment 
arms, but a greater number of patients lost >10 letters un-
til the end of year 3 in the prior laser arm (8.1 vs. 2.4% 
[ranibizumab]/4.8% [combined]). These results highlight 
the need of early therapy induction with ranibizumab to 
minimize the risk of significant BCVA loss, though the 
efficacy remains good in long-standing disease and ther-
apy can be – if for any reason needed – begun at a later 
stage with a good chance for visual improvements  [26] .

  These results are consistent with results from the 
DRCR.net Protocol I study, a multicenter randomized 
clinical trial showing that ranibizumab used in conjunc-
tion with laser therapy (prompt or deferred) was signifi-
cantly more effective than laser alone in improving BCVA 
in patients with DME (BCVA gain +9 letters ranibizumab 
arms vs. +3 letters laser monotherapy at month 12, mean 
number of injections 8–9; >15 letter BCVA gain 30%
ranibizumab pooled, 15% laser). In this study, complete 
BCVA maintenance from year 2 to year 3 with only a me-
dian of 1–2 injections could be achieved; this required a 

median number of monitoring visits of 7–8 in year 3. In 
years 4 and 5 of the study, the number of injections need-
ed could be further reduced to 0–1 injections ( Table 2 ) 
while BCVA gains could be maintained  [27, 47, 48, 67] . 
Refer to sections “Bevacizumab” and “Aflibercept” for re-
sults of the DRCR.net Protocol T study ( Fig. 13  and  17 ) 
 [29, 65] . Noteworthy, the number of injections over 2 
years in Protocol T was the same for all 3 drugs (afliber-
cept 15 [interquartile range 11–17], bevacizumab 16 in-
terquartile range 12–20, and ranibizumab 15 [interquar-
tile range 11–19] injections, respectively, global  p  = 0.08). 
There was a decreasing number of injections for all 3 
drugs in this study in the second year as well. The most 
important finding of Protocol T year 2 with regard to ra-
nibizumab is that in patients with poorer baseline BCVA 
there is no more statistically significant difference be-
tween ranibizumab- and aflibercept-treated patients. 
Over a population level, ranibizumab could balance out 
the difference in the second year ( Fig. 14 )  [65] .

  The RISE and RIDE studies were two parallel, meth-
odologically identical, 2 year, phase III, multicenter, dou-
ble-masked randomized studies comparing two dosing 
regimens of ranibizumab (0.3 vs. 0.5 mg) as a monother-
apy with fixed monthly injection regimens to laser mono-
therapy in the US  [23] . In the two ranibizumab arms, the 
mean BCVA gain was +10.9–12.5 letters without a sig-
nificant difference between the two dosing regimens (vs. 
laser +2.6/+2.3 letters; >15-letter gain 18.1/12.3% in laser, 
44.8/33.6 and 39.2/45.7% in ranibizumab 0.3/0.5 mg in 
RISE and RIDE;  Fig. 18 ). Based on the results of the RISE 
and RIDE studies, ranibizumab was approved in the US 
by the FDA for treatment of DME in 2012. The approved 
dose is 0.3 mg per injection. The medication is approved 
for monthly injections.

  The 3-year outcomes of RISE and RIDE demonstrated 
that BCVA gains and improvement in retinal anatomy 
achieved with ranibizumab therapy at the end of year 2 

Treatment period  Mean number of ranibizumab injections

pri or ranibizumab 
0.5 mg (n = 83)

prior ranibizumab 0.5 mg + 
laser (n = 83)

prior laser 
(n = 74)

Day 1 to month 35 14.2 13.5 6.5a

Day 1 to month 11 7.4 7.5 0.0
Months 12 – 23 3.9 3.5 4.1
Months 24 – 35 2.9 2.5 2.4

a Includes ranibizumab 0.5 mg injections given over months 12 – 35 only. Reprinted 
from Schmidt-Erfurth et al. [26] with permission from Elsevier.

 Table 1.  RESTORE study: mean number of 
ranibizumab treatments received over 3 
years (day 1 to month 35, safety set)
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were sustained through year 3 without any significant dif-
ference in the two dosing regimens ( Fig. 19 ). The study 
design allowed patients in the laser group to cross over 
and receive monthly 0.5 mg ranibizumab in the third 
year. This delayed ranibizumab treatment did not result 
in the same extent of BCVA improvement observed in 
patients originally randomized to ranibizumab (BCVA 
gain >15 letters was 22.0/19.2% in the laser + delayed
ranibizumab compared to 36.8–51.2% in the 0.3/0.5 mg 
ranibizumab RISE/RIDE study arms). The mean BCVA 
gain from baseline to the end of year 3 was +4.7/4.3 letters 
in the laser + delayed ranibizumab group versus +10.6–
14.2 in the ranibizumab arms of both studies, which indi-
cates a permanent loss of BCVA if DME is treated too late 
with anti-VEGF  [69] . An open-label extension of the 
studies allowed patients to be followed for another 14.1 
months of ranibizumab PRN treatment. While maintain-
ing 3-year BCVA, a mean of 4.5 injections were adminis-
tered, and 25% of patients required no further injections 
 [76] .

  In none of the studies were overall significant differ-
ences observed in BCVA gains between ranibizumab 
monotherapy and ranibizumab combined with laser 
treatment. The combined therapy was not superior to 
drug monotherapy and is therefore not recommended 
 [77] . The RETAIN study, a multicenter controlled phase 
IIIB trial, evaluated the efficacy and safety of 0.5 mg ra-
nibizumab in 2 “treat and extend” treatment algorithms 
compared with a PRN regimen over 2 years. In “treat and 
extend,” patients treated with a gradually prolonged time 
interval between injections after BCVA stabilization with 
monthly injections has been reached. The RETAIN study 
confirmed that this regimen is noninferior to PRN in 
mean average BCVA gain after 2 years (+8.3/+6.5 vs. +8.1 
letters [PRN];  Fig.  20 ) with a mean of 12.4/12.8 versus 
10.7 injections but with a large reduction in patient visits 
(9.0/8.9 vs. 16.6 visits)  [30] .

  In all these studies as well as in a meta-analysis  [77]  of 
1,500 patients treated with ranibizumab in randomized 
clinical trials, the safety profile of ranibizumab was excel-

 Table 2. DRCR.net Protocol I study: visits and treatments before 5-year visit 

Ranibizumab + prompt 
laser treatment (n = 124)

Ranibizumab + 
deferred laser 
treatment (n = 111)

Visit history, number of visits
Year 1 13 (12 – 13) 13 (12 – 13)
Year 2 8 (6 – 11) 10 (7 – 12)
Year 3 7 (4 – 10) 8 (5 – 11)
Year 4 5 (4 – 9) 6 (4 – 9)
Year 5 4 (3 – 7) 5 (3 – 7)
Before 5-year visit 38 (31 – 47) 40 (34 – 49)

Intravitreous injection history, number of injections
Year 1 8 (7 – 11) 9 (6 – 11)
Year 2 2 (0 – 5) 3 (1 – 6)
Year 3 1 (0 – 4) 2 (0 – 5)
Year 4 0 (0 – 3) 1 (0 – 4)
Year 5 0 (0 – 3) 0 (0 – 3)
Eyes that received ≥1 injections in year 4 57 (46) 61 (55)
Eyes that received ≥1 injections in year 5 47 (38) 53 (48)
Before 5-year visit 13 (9 – 24) 17 (11 – 27)

Focal/grid laser history
Focal/grid laser treatments before the 5-year visit 3 (2 – 5) 0 (0 – 2)
Eyes that did not receive focal/grid laser treatment
before the 5-year visit 0 (0) 62 (56)
Eyes that did not receive focal/grid laser treatment in
year 5 112 (90) 108 (97)

 Data are presented as median (quartiles) or n (%). Data are limited to study participants completing the 5-year 
visit. Reprinted from Elman et al.  [48] with permission from Elsevier.
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lent, without an increase of cardiovascular events com-
pared to sham. No systemic safety concern emerged with 
0.3/0.5 mg ranibizumab administered monthly compared 
with control through the RISE/RIDE extension study to 
3 years  [69] . In Protocol I, patients in the sham group ex-
perienced higher rates of Anti-Platelet Trialists’ Collabo-
ration (APTC)-classified systemic events than patients 
receiving ranibizumab  [27] . In RESTORE, no meaningful 
differences in the number of arterial thromboembolic 
events or other systemic events were observed between 
the ranibizumab and the laser groups, although patients 

with a history of stroke or transient ischemic attack were 
primarily excluded from this study  [24] .

  When looking at the different treatment regimens 
available for ranibizumab injection, studies are available 
for a fixed monthly injection  [23] , a PRN regimen  [24] , 
or a treat and extend regimen. Monthly injections seem 
to be feasible in the beginning of therapy, but are not re-
quired over a period of more than 3–6 months as con-
firmed by the decreasing numbers of injections needed 
after month 6 in several studies ( Tables 1  and  2 )  [25, 26, 
48, 69] , even starting with a PRN regimen from baseline 
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  Fig. 17.  DRCR.net Protocol T study. Mean 
change in central subfield thickness over 
time: shown are the changes in central sub-
field thickness overall ( a ) and according to 
baseline visual acuity ( b ).  b  Solid lines in-
dicate baseline visual acuity of 20/50 or 
worse, and dashed lines indicate baseline 
visual acuity of 20/32 to 20/40. Central sub-
field thickness was assessed with the use of 
optical coherence tomography. The num-
ber of eyes assessed at each 4-week interval 
ranged from 192 to 221 in the aflibercept 
group, 186–216 in the bevacizumab group, 
and 185–215 in the ranibizumab group. T 
bars indicate 95% confidence intervals. Re-
printed from Wells et al.                    [29]  with permis-
sion from Massachusetts Medical Society. 
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results in comparable BCVA gains  [29] . Retreatment and 
monitoring intervals can be adjusted to visual acuity or 
anatomic response to ranibizumab. Most studies propose 
monthly monitoring, but in certain cases bimonthly 
monitoring, as done in the RELIGHT study  [78] , can be 
applied to reduce patient burden and monitoring costs. 
None of the proposed retreatment criteria in a PRN regi-
men can be considered to be superior to the others as no 
comparability study has been performed. An alternative 
approach is the “treat and extend regimen.” The largest 

criticism about this regimen in the long-term is the fact 
that each time treatment has to be administered even if 
disease and vision stability is already achieved, even if 
there are no concerns about efficacy and safety in 2 years 
of this retreatment regimen, there might be overtreat-
ment, especially as DME seems to plateau after the first 
treatment period and very little or no injections are need-
ed, which has been referred to as a disease-modifying ef-
fect  [48] . Bimonthly monitoring and “treat and extend” 
suggest that a flexible retreatment regimen of ranibizum-
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  Fig. 18.  RIDE/RISE studies. Changes in visual acuity ( a ) and cen-
tral foveal thickness (CFT) ( b ) from baseline through 24 months. 
Number of patients: 127, 125, and 125 (RISE), and 130, 125, and 
127 (RIDE) in the sham, 0.3 mg, and 0.5 mg groups, respectively. 
Vertical bars are ±1 standard error of the mean. The last observa-
tion carried forward imputation method was used.  *                   p  < 0.0001 vs. 

sham (analysis of variance  t  test [stratified]). Differences were sta-
tistically significant starting at the first posttreatment observation 
(day 7) and at each point thereafter; a hierarchical testing strategy 
controlled for multiple comparisons. ETDRS, Early Treatment Di-
abetic Retinopathy Study. Reprinted from Nguyen et al.  [23]  with 
permission from Elsevier. 
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ab with extended intervals between visits may be a viable 
strategy for the management of most patients with DME. 

   Recommendation.  Ranibizumab can be used equiva-
lent to other available anti-VEGF agents for patients with 
a baseline BCVA letter score of 69 letters and above. The 
use of ranibizumab for patients with poorer baseline vi-
sual acuity will most likely result in the same visual acuity 
results after 2 years of treatment as aflibercept, but the ef-
fect will be reached slightly slower. Therefore, treatment 
shall be initiated with aflibercept, if available, in these pa-
tients. It remains unclear to which extent the slower effect 
of ranibizumab seen in Protocol T compared to afliber-
cept can be accounted to the lower dose (0.3 mg) of ra-
nibizumab used in this study. 

  Treatment with ranibizumab shall be initiated early on 
with monthly injections. If visual acuity improves and/or 
CRT decreases or other morphological signs for disease 
activity can be found, monthly injections must be contin-
ued until visual acuity and/or OCT stability is reached. 
Thereafter, patients should in the best case be monitored 
monthly in the first year with visual acuity testing and 
OCT imaging. Then, the interval of injections and moni-

toring visits can be extended upon visual acuity and/or 
anatomic stability. If no more functional or anatomical 
benefit occurs, the treatment must be stopped, and ex-
tended monitoring intervals can be evaluated for each pa-
tient individually. 

  Aflibercept 
  Rationale.  Aflibercept (Eylea) is a recombinant decoy-

receptor type of inhibitor of VEGF and placental growth 
factor that has shown efficacy and safety in adequate clin-
ical trials in DMA  [28, 29] .

   Evidence.  The evidence for the value of DME treat-
ment by intravitreal injections of aflibercept is dominated 
by the twin pair of randomized controlled clinical studies 
VIVID DME (Europe) and VISTA DME (US)  [28, 79] , 
with a total of 872 study participants, which compared 
aflibercept with laser therapy, and the DRCR.net Protocol 
T study  [29] , with a total of 660 participants, which com-
pared intravitreal aflibercept with ranibizumab and beva-
cizumab.

  The VIVID-VISTA DME studies had their primary 
endpoint at 1 year and were planned to follow patients up 
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  Fig. 20.  RETAIN study.  a  Mean change in best-corrected visual 
acuity (BCVA) from baseline to months 12 and 24 (full analysis set 
[FAS] – mean value imputation/last observation carried forward 
[MV/LOCF]).    *                   p  = 0.9327 vs. pro re nata (PRN);  #   p  = 0.1599 vs. 
PRN; Cochran-Mantel-Haenszel test (row mean scores statistic) 
with the observed values as scores.  b  Mean percentage change in 
central subfield thickness (CSFT) from baseline over time (FAS-
MV/LOCF).  a ,  b  FAS (MV/LOCF) comprised all randomized pa-

tients who received at least one application of study treatment (ra-
nibizumab or laser) and had at least one postbaseline efficacy as-
sessment in the study eye. Stratified analysis included baseline 
visual acuity ( ≤ 60 letters, >60 and  ≤ 73 letters, and >73 letters) as 
factors. ETDRS, Early Treatment Diabetic Retinopathy Study. Re-
produced from Prünte et al.  [30]  with permission from BJM Pub-
lishing Group Ltd. 
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to 3 years. Laser or aflibercept were administered in eyes 
with DME involving the foveal center with rescue thera-
py, consisting of laser treatment, permitted after 24 weeks. 
Aflibercept 2 mg was given every 4 weeks or every 8 weeks 
after 5 initial monthly loading doses. The studies enrolled 
patients with a BCVA letter score of 24–73 ETDRS letters 
and an OCT central subfield thickness  ≥ 300 μm.

  The mean BCVA gain at 1 year for the combined stud-
ies was 11.6 BCVA letters for 4-weekly injections, and it 
remained stable at 10.7 letters after 100 weeks. For 8-week-
ly injections, BCVA had similarly increased by 10.7 letters 
after 52 weeks and was also stable after 100 weeks with a 
gain of 10.3 letters. These clinically and statistically insig-
nificant differences suggest that the 8-weekly interval reg-
imen should be preferred, if a fixed regimen is chosen.

  The outcome in eyes that had previously received anti-
VEGF therapy was comparable to the outcome in treat-
ment-naïve eyes. After 100 weeks, 31.2 and 24.1% of eyes 
initially treated with laser in VIVID and VISTA, respec-
tively, received aflibercept therapy and BCVA gradually 
increased, but a mean deficit of 5–6 letters persisted after 
100 weeks highlighting the benefit of timely treatment 
initiation.

  A conspicuous finding in VIVID-VISTA DME was 
that the switch to bimonthly injections after 24 weeks was 
followed by an oscillating pattern of CRT variation with 
an amplitude of 25–50 μm and period of 8 weeks. There 
was no evidence that this fluctuation was associated with 
a poorer BCVA outcome overall compared to eyes receiv-
ing injections every 4 weeks throughout the first 100 
weeks of the study. Based on the results of the VIVID-
VISTA DME studies, aflibercept was approved in Europe 
(2014) by the EMA and in the US (in 2015) by the FDA 
for treatment of DME. The approved dose is 2 mg per in-
jection. The medication was approved for 5 monthly in-
jections followed by bimonthly injections in the US, and 
the European label adds the possibility of extending the 
treatment interval after the first year of treatment.

  The DRCR.net Protocol T study  [29]  (refer to the sec-
tion “Bevacizumab” for full study results) compared af-
libercept, ranibizumab, and bevacizumab. The loading 
phase and subsequent flexible retreatment phase regimen 
was the same for all 3 study drugs. The study enrolled eyes 
with BCVA letter scores of 24–78 (approx. Snellen 20/320 
to 20/32) and DME involving the foveal center with CRT 
greater than roughly 325 μm on modern SD-OCT (>250 
μm on Zeiss Stratus with gender-specific cutoffs)  [80] . 
The interim results after 1 year showed a mean gain that 
was +2.1 letters higher for aflibercept 2 mg than for ran-
ibizumab 0.3 mg (the approved dose in the US, 0.5 mg is 

the approved dose in Europe) ( p  = 0.03). Patients were 
monitored as often as every 4 weeks. A subgroup analysis 
showed that the superior effect of aflibercept was driven 
by the study participants with poorer baseline BCVA 
(<69 letters). Of a maximum possible number of injec-
tions of 13 in the first year, the aflibercept arm received a 
median of 9 injections; the bevacizumab and ranibizum-
ab arms received a median of 10 injections. Intravitreal 
bevacizumab was inferior to both aflibercept and ranibi-
zumab in most comparisons. Serious adverse event rates 
were comparable between study arms.

  The 2-year results  [65]  of the Protocol T study slightly 
changed this scenario. The difference in BCVA gain be-
tween aflibercept and ranibizumab for eyes with poorer 
baseline BCVA that was noted at 1 year decreased at 2 
years. Nevertheless, the first-year behavior and the slight-
ly better mean BCVA gain confirmed the superiority of 
aflibercept over ranibizumab in patients with poorer 
baseline BCVA ( Fig. 14 ) when considering the area under 
the curve. It remains unclear if the 0.5 mg dose that is ap-
proved in Europe would have led to different results in 
the first year of Protocol T in favor of ranibizumab 0.5 mg.

  Longer follow-up is needed to determine the rate at 
which aflibercept treatment of DME can be tapered after 
1 year and whether long-term aflibercept treatment is as-
sociated with a diminishing need for reinjection, as in the 
case of ranibizumab in the 5-year follow-up of the DRCR.
net Protocol I study  [48] . At least the 2-year results of 
Protocol T suggest that the need for anti-VEGF injection 
generally decreases in DME from year to year. In Protocol 
T, for all anti-VEGF agents about half of the injections 
needed in the first year were needed in the second year of 
the study.

   Recommendation.  Aflibercept has shown clear superi-
ority to laser therapy in visual and anatomical outcomes. 
It can be used equivalent for improving vision in eyes 
with a baseline BCVA letter score of 69 or more. Afliber-
cept is the drug of choice in DME eyes with baseline 
BCVA below 69 letters, as it shows superiority to bevaci-
zumab over 2 years and over ranibizumab in the first year 
of treatment. 

  The evidence base for the use of aflibercept in DME 
leaves it an open choice as to whether a course of loading 
injections at 4-weekly intervals should be followed by a 
regimen of fixed bimonthly injections or a PRN regimen 
with monthly monitoring only. The gain of 13.3 letters at 
1 year in Protocol T with 2.0 mg aflibercept PRN and the 
gain of 10.7 letters with 2 mg aflibercept bimonthly after 
a loading phase of 5 monthly injections in VIVID-VISTA 
DME were obtained in different trials and a direct com-
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parison of the 2 regimens has not been made. Intravitreal 
aflibercept offers most patients with visual loss secondary 
to DME that involves the foveal center a chance that their 
visual acuity will significantly improve after treatment 
and fewer injections might be needed from the second 
year onwards.

  Steroids 
 Rationale  
 Recent evidence highlights to the role of inflammation 

in the development of DME. The pathological processes 
include leukostasis, which is the accumulation of leuko-
cytes on the surface of retinal capillaries and is thought to 
be a major player and early event in the dysfunction of the 
BRB  [81] . Such leukostasis leads to the upregulation of 
intracellular adhesion molecule (ICAM)-1, which medi-
ates attraction of monocytes and neutrophils to the vas-
cular endothelium. ICAM-1 has been found to further 
enhance retinal leukostasis, vascular permeability, and 
breakdown of the BRB in diabetes  [82] .

  After binding to the vascular endothelium, leukocytes 
produce reactive oxygen species and inflammatory cyto-
kines, which leads to increased vascular permeability 
 [83] . Animal experiments showed that elevated glucose 
levels in the blood serum may lead to the expression of 
interleukin-6 (IL-6), tumor necrosis factor, lymphotoxin, 
and cyclooxygenase-2  [84] . IL-6 and pigment epithelium-
derived factor expression have been found to be signifi-
cantly increased in the vitreous of diabetic eyes  [85] .

  Corticosteroids produce an anti-inflammatory effect 
through various mechanisms, including the decrease in 
the synthesis of inflammatory mediators, as well as the 
decrease in VEGF synthesis  [86] . Intravitreal treatment 
with glucocorticoids has been found to significantly de-
crease the inflammatory processes with improved BRB 
function through inhibition of ICAM-1 expression in rat 
retinas  [87] . A study that evaluated the changes in aqueous 
levels of inflammatory (IL-6, IL-8, interferon-induced 
protein-10, monocyte-chemoattractant protein-1, plate-
let-derived growth factor [PDGF]-AA) and angiogenic 
(VEGF) cytokines after intravitreal injection of corticoste-
roid triamcinolone in comparison to the anti-VEGF agent 
bevacizumab in patients with DME, found that IL-6, in-
ducible-protein 10, monocyte-chemoattractant protein-1, 
PDGF-AA and VEGF were significantly decreased in tri-
amcinolone-treated eyes, but only VEGF levels were de-
creased in the eyes treated with bevacizumab  [88] . There-
fore, their use in the treatment of DME may be more com-
prehensive than anti-VEGF treatment, which targets only 
a part of the inflammatory cascade  [89] .

  Evidence  
 Commercially available corticosteroid compounds for 

intravitreal use include triamcinolone acetonide, dexa-
methasone posterior segment delivery system (Ozurdex), 
and fluocinolone (Iluvien).

   Triamcinolone Acetonide.  The DRCR.net protocol B 
was an important milestone in evaluating triamcinolone’s 
role in DME management. It was a multicenter, random-
ized clinical trial with a total of 840 study eyes of 693 sub-
jects with DME involving the fovea and BCVA of 20/40 
to 20/320. Patients were randomized to focal/grid laser 
therapy, 1 mg intravitreal triamcinolone, or 4 g intravit-
real triamcinolone. Retreatment was given at 4-month in-
tervals. While at 4 months, the mean BCVA was better in 
the 4 mg group than in the laser or 1 mg groups, by the 
end of the first year there were no significant differences 
among the groups with regard to mean BCVA. At the 
16-month visit and extending through 2 years, mean 
BCVA was better in the laser group than in the 2 triam-
cinolone groups. The majority of patients in the triam-
cinolone groups had developed cataract by this time, but 
the differences could not be attributed solely to cataract 
formation. More eyes in the 4 mg group (40%) than in the 
1 mg group (20%) or laser group (10%) suffered from an 
ocular hypertension-related adverse event, including ei-
ther an elevation of intraocular pressure (IOP) of  ≥ 10 
mm Hg from baseline, an IOP of  ≥ 30 mm Hg, an initia-
tion of IOP-lowering medications or the diagnosis of 
glaucoma. Glaucoma surgery was performed in 4 eyes in 
the 4 mg group. Among phakic eyes at baseline, cataract 
surgery was performed by the end of the second year in 
23% of eyes in the 4/1 mg groups vs. 13% only in the laser 
group  [90] .

  Another important milestone for triamcinolone ace-
tonide was the DRCR.net protocol I study. As mentioned 
earlier, this was a 5-year, independent, multicenter, ran-
domized, controlled clinical trial. A total of 854 eyes of 
691 participants with BCVA of 20/32 to 20/320 and DME 
involving the fovea were randomized to sham injection + 
prompt laser, 0.5 mg ranibizumab + prompt laser, 0.5 mg 
ranibizumab + deferred ( ≥ 24 weeks) laser, or 4 mg triam-
cinolone acetonide + prompt laser. At 1 year, treatment 
with triamcinolone and laser resulted in a gain of 4 letters 
from baseline compared with a 3-letter gain in the laser 
group, and a 9-letter gain in both the ranibizumab and 
laser groups. In a subgroup of pseudophakic patients 
treated with triamcinolone and laser, BCVA gain was 
comparable to that of pseudophakic eyes treated with ra-
nibizumab and superior to that of pseudophakic eyes 
treated with laser only. More eyes in the triamcinolone 
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group (50%) than in the ranibizumab groups (9%) or the 
laser group (11%) had an IOP elevation  ≥ 10 mm Hg, IOP 
>30 mm Hg or initiation of IOP-lowering medications 
during 2 years of follow-up. Glaucoma surgery was per-
formed in 4 eyes (one eye in the laser group, one eye in 
the ranibizumab + prompt laser group, and two eyes in 
the triamcinolone group). More eyes in the triamcinolone 
group (59%) underwent cataract surgery over two years 
of follow-up than in the laser group (14%) or the ranibi-
zumab groups (14%)  [27] .

   Dexamethasone.  The first study that evaluated dexa-
methasone for DME was the PLACID trial. The study was 
a randomized, controlled, multicenter clinical trial. A to-
tal of 253 patients with center involving DME, with a 
BCVA letter score of 34–70 letters and CRT  ≥ 275 μm 
were randomized to 0.7 mg Ozurdex implant and laser 
therapy at month 1 or laser monotherapy with a sham 
implant injection. Subjects could receive up to 3 addi-
tional laser treatments and 1 additional Ozurdex injec-
tion. While at 1 year there was no difference between the 
groups, the percentage of patients gaining at least 10 let-
ters was significantly higher in the Ozurdex plus laser 
group vs. the laser monotherapy group at month 1 (31.7 
vs. 11%,  p  < 0.001) and month 9 (31.7 vs. 17.3%,  p  = 
0.007). Increased IOP occurred more frequently in the 
Ozurdex plus laser group than in the laser monotherapy 
group, with 15.2% of patients experiencing an increase of 
 ≥ 10 mm Hg from baseline, 16.8% experiencing an IOP of 
 ≥ 25 mm Hg and 4% an IOP of  ≥ 35 mm Hg. In 15.9% of 
patients in the Ozurdex plus laser group vs. 1.6% patients 
in the laser monotherapy group treatment with IOP-low-
ering medication was begun. However, no eyes required 
surgery to control IOP. Cataract-related adverse events 
were more common among phakic patients in the Ozur-
dex plus laser group (22.2%) versus the laser monothera-
py group (9.5%). Cataract surgery was performed in 4 
eyes in the Ozurdex plus laser group in comparison to 5 
eyes in the laser monotherapy group  [91] .

  The most important trial evaluating Ozurdex for DME 
were the MEAD trials. MEAD were 2 randomized, mul-
ticenter, masked, sham-controlled, phase III trials with 
identical protocols. A total of 1,048 participants with cen-
tral DME, BCVA of 20/50 to 20/200 and CRT of  ≥ 300 μm 
were randomized to treatment with Ozurdex 0.7 mg, 
Ozurdex 0.35 mg or a sham procedure with a follow-up 
of 3 years. Retreatment was allowed according to pre-
defined retreatment criteria, not more frequently than ev-
ery 6 months. At the end of 3 years, the percentage of pa-
tients with a  ≥ 15-letter gain of BCVA from baseline was 
22.2/18.4% in the Ozurdex 0.7/0.35 mg group versus 12% 

in the sham group. An IOP increase of  ≥ 10 mm Hg oc-
curred in 27.7/24.8% of patients in the 0.7/0.35 mg Ozur-
dex groups versus 13% in the sham group. An IOP of  ≥ 35 
mm Hg occurred in 6.6/5.2% of patients in the Ozurdex 
0.7/0.35 mg groups versus 0.9% in the sham group. 
41.5/37.6% of patients in the 0.7/0.35 mg Ozurdex groups 
needed IOP-lowering medications versus 9.1% in the 
sham group. One patient in each Ozurdex treatment 
group underwent glaucoma incisional surgery. The rate 
of cataract-related adverse events was 67.9/64.1% in the 
0.7/0.35 mg Ozurdex groups, respectively, versus 20.4% 
in the sham group  [92] .

  The CHAMPLAIN study was a prospective, multi-
center, open-label, 26-week study. Fifty-five patients with 
treatment-refractory DME and a history of previous pars 
plana vitrectomy (PPV) in the study eye received a single 
intravitreal injection of 0.7 mg Ozurdex. The mean BCVA 
gain from baseline was 6 letters after 8 weeks and 3 letters 
after 26 weeks. At 8 weeks, 30.4% of patients gained  ≥ 10 
letters. Increased IOP was reported in 16% of study eyes, 
with no patients requiring a surgical procedure to control 
IOP. Cataract progression was reported in 17% of phakic 
eyes, with 1 patient undergoing cataract surgery  [93] .

  Ozurdex 0.7 mg was approved by the FDA in Septem-
ber 2014 for the treatment of adult patients with DME. It 
was approved by the EMA in July 2014 for the treatment 
of adult patients with visual impairment due to DME who 
are pseudophakic or who are considered insufficiently re-
sponsive to or unsuitable for noncorticosteroid therapy. 
The implant releases the corticosteroid into the vitreous 
over a period of  ≤ 6 months  [94] . Therefore, the official 
product label in Europe recommends retreatment after 
approximately 6 months, and does not recommend ad-
ministration to both eyes concurrently. Newer data sup-
port the reinjection of the dexamethasone implant ear-
lier than the recommended retreatment interval. The 
CHROME study, a retrospective real-world study, in-
cluded patients with DME, retinal vein occlusion, and 
uveitis. The mean reinjection interval in this study was 
2.3–4.9 months  [95] .

   Fluocinolone Acetonide.  The FAME trials were 2 paral-
lel, prospective, randomized, phase III, multicenter trials. 
A total of 956 patients with central DME, BCVA of 20/50 
to 20/200 and CRT  ≥ 250 μm were randomized to receive 
an intravitreal insert releasing 0.2 or 0.5 μg fluocinolone 
acetonide per day or sham injection. Based on predefined 
retreatment criteria, additional treatment could be given 
after 1 year. The percentage of patients with a BCVA gain 
of  ≥ 15 letters after 2 years was 28% in each of the fluo-
cinolone groups versus 16% in the sham group  [96] . 
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However, in a subgroup analysis comparing chronic ( ≥ 3 
years from diagnosis) with acute DME, the percentage of 
patients who gained  ≥ 15 letters was significantly greater 
in chronic DME patients (34 vs. 13.4% in the sham group) 
compared to acute DME (22.3 vs 27.8% in the sham 
group). The rate of glaucoma requiring incisional surgery 
in both treatment groups was as high as 7.6/3.7% in the 
0.5/0.2 μg groups versus 0.5% in the sham group. Cataract 
surgery was needed in 50.9/41.1% of patients in the 0.5/0.2 
μg groups versus only 7% in the sham group  [97] .

  Iluvien has been approved by the FDA in September 
2014 for the treatment of DME in patients who have been 
previously treated with a course of corticosteroids and 
did not have a clinically significant elevation of IOP. It 
was approved by the EMA in April 2014 for the treatment 
of vision impairment associated with chronic DME con-
sidered insufficiently responsive to other available thera-
pies. The approved dose for the fluocinolone acetonide is 
0.19 mg. Pharmacokinetic studies showed that it provides 
sustained delivery in the eye for at least one year  [98] . 
Therefore, repeated treatment may be given after a year 
according to evidence of central fluid and visual acuity 
parameters. The official product label in Europe recom-
mends additional treatments after one year and does not 
recommend administration to both eyes concurrently.

  Recommendation  
 Based on the data that exist thus far, corticosteroids are 

important in our armamentarium of drugs for treating 
DME patients, but largely on a second choice level. In 
nonresponders who have already been treated with anti-
VEGF (after 3–6 injections, depending on the specific re-
sponse of each patient), it is reasonable to switch to a ste-
roid.

  As first-line therapy, the use of steroids may be consid-
ered in patients who have a history of a major cardiovas-
cular event as these patients were excluded from all major 
anti-VEGF trials. A meta-analysis assessing the risk in 
anti-VEGF-treated DME patients has shown that high-
risk patients who received monthly anti-VEGF treatment 
over the course of two years possibly have an increased 
risk for death and potentially for cerebrovascular acci-
dents  [99] . The authors conclude that the cumulative ex-
posure to anti-VEGF might be an independent risk fac-
tor. Especially in aforementioned patients, steroids might 
be the better option. Another group of patients in whom 
corticosteroids may be considered as first-line therapy are 
patients who are not willing to come for monthly injec-
tions (and/or monitoring) in the first 6 months of thera-
py. However, these patients’ IOP still needs to be moni-

tored. Dexamethasone shall be used first; fluocinolone 
may be appropriate for nonsteroid responders with 
chronic macular edema that is not responsive to other 
treatments. Since triamcinolone is not approved and 
causes more increase in IOP and cataract, it should be 
used only in patients who cannot get the approved agents 
for this indication.

  Pseudophakic patients are preferred for the use of ste-
roids, otherwise patients have to be informed about the 
high risk for cataract surgery. The IOP has to be moni-
tored frequently in all cases. Retreatment can be consid-
ered after around 6 months (dexamethasone)/year (fluo-
cinolone acetonide) if there is still evidence of residual 
edema and impaired vision.

  Surgical Therapy 
 Rationale  
 The particular characteristics of the vitreous in dia-

betic patients may be related to the development and 
maintenance of macular edema; therefore, PPV has been 
suggested as a potential treatment option for DME. The 
advantages of PPV seem clear in DME patients with as-
sociated vitreoretinal traction, but the procedure remains 
controversial in nontractional cases. The secondary reti-
nal changes and presence of a glistening, taut membrane 
in patients with traction can be assessed by biomicros-
copy. However, OCT enables better evaluation of the vit-
reoretinal interface, clearly showing the presence of trac-
tion and posterior hyaloid abnormalities, such as thicken-
ing and partial detachment  [100] . A posterior vitreous 
detachment is associated with a lower incidence of DME 
in patients older than 60 years  [101, 102] ; consistently, 
spontaneous development of vitreomacular separation is 
associated with higher DME cure rates and improve-
ments in BCVA  [103] . The effect of PPV on nontraction-
al DME remains uncertain, although several theories 
have been proposed: removal of pathological vitreous and 
subclinical traction at the macula, elimination of inflam-
matory particles that could increase vessel permeability 
 [104] , improvements in oxygen concentration in the vit-
reous cavity, and retinal vessel changes with normaliza-
tion of the macular blood flow and decreased leakage 
 [105, 106] . The internal limiting membrane (ILM) is 
closely related to Müller cells  [107] , and ILM removal has 
been proposed in DME to eliminate all tractions, vitreous 
remnants, and inflammatory factors  [108] .

  Evidence  
 DME patients can be divided according to the pres-

ence/absence of traction. PPV surgery to treat DME was 
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first described by Lewis et al.  [109]  in 1992. PPV, with 
separation of the posterior hyaloid, was performed in 10 
eyes with DME and signs of traction. Lewis obtained 
BCVA gains in 9 eyes, and resolution of traction and ede-
ma in 8 of them. These first good results have not been 
confirmed in later studies, which presented differences in 
the inclusion criteria, the variables analyzed, and the sur-
gical techniques used. See  Figures 21  and  22  for examples 
of DME before and after surgical intervention.

   Presence of Traction.  Vitreomacular traction is a rele-
vant factor in the generation and maintenance of DME. 
Hence, its elimination should result in resolution of ede-
ma and BCVA gains. Pendergast analyzed the results of 
PPV in 55 eyes with DME and vitreoretinal interface 
changes on funduscopy  [110] . Although the edema im-
proved, BCVA gains could only be observed in half of the 
patients. A later study, Protocol D, designed by the DRCR.
net  [111] , evaluated the impact of PPV on the visual and 
anatomical results of DME with vitreomacular traction, 
diagnosed by OCT. This multicenter prospective study 
included 87 eyes from 87 patients. Epiretinal membrane 
removal, ILM peeling, and laser therapy were allowed 
during the surgery, and these techniques were used in 61, 
54, and 40% of cases, respectively. One year following the 
intervention, 26% of eyes needed adjuvant treatment for 
DME and the mean BCVA improved from 20/100 to 
20/80. There was a BCVA gain of  ≥ 2 ETDRS lines in 38% 

and a worsening of  ≥ 2 ETDRS lines in 26%. Nevertheless, 
the mean subfoveal thickness measured by OCT de-
creased from 491 to 256 μm.

  The presence of vitreoretinal macular traction can 
generate macular edema per se, and a release of this ante-
rior-posterior vector force is recommended in order to 
recover the prior anatomical situation. However, surgery 
is controversial when tangential traction is present, espe-
cially with regard to the presence of vascular permeabil-
ity alteration. In the aforementioned Protocol D study by 
the DRCR.net, the prognostic factors of final BCVA in 
241 eyes that underwent PPV for DME treatment were 
analyzed  [112] . In a multivariate analysis, ILM peeling 
during the procedure was associated with retinal thin-
ning, and epiretinal membrane removal was associated 
with BCVA gain. Nonetheless, a correlation of interven-
tion with BCVA was not observed, even when only the 
pseudophakic group was analyzed. In another study, the 
role of ILM peeling was analyzed in a group of 58 eyes 
with DME and “thickened posterior hyaloid membrane,” 
in whom PPV with and without ILM removal was per-
formed  [113] . This small study showed a significant 
BCVA gain in both groups, but ILM peeling offered no 
advantages related to the observed BCVA change.

   Nontractional DME.  The results of PPV with or with-
out ILM peeling for DME treatment have shown BCVA 
gains of  ≥ 2 ETDRS lines in around 50% (range, 20–90%) 

  Fig. 21.  SD-OCT showing anterior-poste-
rior traction, neurosensory retinal detach-
ment, and external retinal edema in a pa-
tient with DME (upper row) and no trac-
tion and edema resolution after PPV with 
ILM peeling and laser therapy (lower row). 
Images are courtesy of Pepe Garcia Arumi 
and Sergio Copete Piqueras.                                         
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of cases that could be maintained in the long term  [114–
122] . The wide range observed in BCVA outcomes may 
be the result of differences in the inclusion criteria, the 
number of patients and the treatment used. Kumagai et 
al.  [118]  retrospectively analyzed the outcome of PPV in 
356 eyes over 5 years and reported a mean BCVA change 
from 0.72 to 0.5 (LogMAR). A BCVA gain of 0.2 logMAR 
units was observed in 48% of cases, 39% did not show 
changes, and 13% experienced worsening by 0.2 logMAR 
units; no correlation between the changes in CRT and 
BCVA could be observed, although there was a constant 
decrease in CRT. Yamamoto analyzed progression of 

CRT after PPV and observed a significant reduction as 
early as 1 week after surgery that continued to gradually 
decrease at each monthly visit  [114] . One should keep in 
mind, that removal of the vitreous alone which is always 
combined with membrane peeling improves the oxygen-
ation of the retina.

  Stolba et al.  [123]  compared PPV plus ILM removal 
with observation in 56 eyes with diffuse DME since 6–18 
months; posterior hyaloid attachment was present in all 
patients and grid laser therapy had been performed at 
least 4 months before data analysis. BCVA improved in 
the treated group and deteriorated in the controls. After 
6 months, 52% of eyes undergoing PPV had a BCVA gain 
of >10 letters versus 12.9% in the control group. Further-
more, a BCVA decrease of >10 letters was higher in con-
trols than in the treated patients (41.9 vs. 12.9%). Retinal 
thickness had decreased 1 month after surgery and re-
mained stable during follow-up, whereas there were no 
retinal changes in the controls. However, combined PPV 
and cataract surgery was performed in patients older 
than 60 years with mild cataract and represents a strong 
confounding factor. Yanyali et al.  [124]  recruited 10 pa-
tients with bilateral DME unresponsive to grid laser ther-
apy. PPV with ILM peeling was performed in one eye and 
the fellow was left untreated. The within-group and be-
tween-group BCVA changes were not significant, but 
there was a higher percentage of improvements by  ≥ 2 
ETDRS lines in the PPV group (40 vs. 10%). Moreover, 
the anatomical analysis showed a larger reduction in fo-
veal thickness in the PPV group (165.8 vs. 37.8 μm,  p  < 
0.05).

  Comparisons between laser and PPV treatment for 
DME have yielded controversial results. Yanyali et al.  
[125]  included both eyes of 12 patients without prior laser 
treatment in another prospective study. In a randomized 
fashion, one eye underwent vitrectomy and the fellow eye 
received a single grid laser session. At 6 months, a sig-
nificant mean BCVA gain was found in the PPV group 
only (and a BCVA gain of  ≥ 2 ETDRS lines in 50 [PPV] 
vs. 25% [laser]). OCT showed a significant improvement 
in the surgery arm only as well, highlighting the ineffi-
ciency of laser rather than a superiority of surgery. Kumar 
et al.  [126]  prospectively studied 24 eyes with BCVA 
 ≤ 6/60, unresponsive to prior laser, randomizing patients 
to PPV with ILM peeling or grid laser. There was no dif-
ference in mean BCVA gains in both treatment groups, 
whereas anatomic evaluation showed that surgery im-
proved mean CRT in the surgery group more, but there 
was no correlation between CRT and BCVA gain. Thom-
as et al.  [127]  recruited 40 eyes with nontractional DME 

  Fig. 22.  SD-OCT of a patient with DME unresponsive to laser and 
intravitreal treatment. Vitreomacular adhesion and macular ede-
ma are present (upper image); macular thickness reduction is pres-
ent after PPV with ILM peeling; however, some intraretinal cystoid 
fluid remains in the macular region 6 months after the surgery 
(lower image). Images are courtesy of Pepe Garcia Arumi and Ser-
gio Copete Piqueras.                                         
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and prior macular laser treatment, randomizing eyes to 
PPV or further macular laser. After 1 year, no functional 
or anatomical advantages were observed in the PPV arm. 
There were some differences in the mean duration of dia-
betes, mean hemoglobin A1c (HbA1c) and the use of in-
sulin between the groups, which may have been con-
founding factors. Patel et al.  [128]  randomized 15 eyes to 
PPV without ILM peeling or to macular laser treatment. 
Although BCVA after 1 year was slightly better in the la-
ser arm, anatomical and cone function results (measured 
by fine matrix mapping) were better in the PPV group. 
All of these interventional studies fail to show anything 
but the inefficacy of both laser and surgery as compared 
to anti-VEGF benefits.

  Intravitreal injection of triamcinolone acetonide has 
also been compared with PPV in DME patients. In a pro-
spective study of 40 eyes from 20 patients with bilateral 
DME, Doi et al.  [129]  compared PPV treatment in one 
eye and a single intravitreal injection of 4 mg triamcino-
lone acetonide in the fellow eye. After 1 year, there was no 
significant BCVA gain from baseline and no significant 
difference in BCVA change between the groups. Mean 
CRT showed differences between the groups: in the tri-
amcinolone arm it decreased in the first month, but after-
wards increased to the pretreatment level, while in the 
surgery arm CRT decreased progressively, being signifi-
cantly thinner after 1 year. In a retrospective study of 40 
eyes treated with a combination of laser, triamcinolone, 
and PPV, Kim et al.  [130]  reported BCVA gains and CRT 
decrease after 3 years, with an increase of  ≥ 2 ETDRS lines 
in 65% of cases.

  Stefaniotou et al.  [131]  retrospectively analyzed the re-
sults obtained in 73 eyes treated with PPV with or without 
ILM peeling. BCVA gains could be observed in both 
groups, but a greater improvement could be seen in pa-
tients undergoing ILM peeling. These results are in con-
trast with those of Hoerauf et al.  [132]  and Bardak et al. 
 [133]  who reported no significantly greater BCVA gain 
when ILM peeling was added to PPV. The study with the 
longest follow-up was conducted by Kumagai et al.  [134] . 
These authors analyzed 116 eyes from 58 patients in 
whom PPV was undertaken in both eyes, with the addi-
tion of ILM peeling in one of them only. In both groups, 
75% of eyes showed BCVA gains after 5 years of follow-
up, with no significant differences between the 2 groups. 
In studies by Figueroa et al.  [135]  and Shiba et al.  [136] , 
no advantages of ILM peeling over conventional or tri-
gon-assisted vitrectomy were reported. All of these stud-
ies were small and not stratified regarding their baseline 
characteristics.

   Presence of Traction and Nontractional DME in Com-
parison.  The presence of traction has been considered an 
indication for surgery, and the results are thought to be 
better than those of DME without signs of traction. In a 
prospective study, Shah et al.  [137]  analyzed factors pre-
dicting the outcome of PPV for DME after 1 year and 
reported that eyes with vitreoretinal traction had higher 
BCVA gains than nontractional cases. In contrast, the 
retrospective study by Bonnin et al.  [138]  of 73 unre-
sponsive eyes with DME with or without traction fol-
lowed for a mean of 5.3 years reported improvements in 
BCVA and CRT after 3 years with no significant differ-
ences between the 2 groups. The percentage of patients 
that gained  ≥ 2 ETDRS lines at the final visit was also 
similar (55 vs. 56%). Hence, no solid recommendation 
favoring surgical intervention can be deducted from 
these studies.

   Predictive Factors for Successful Surgical Therapy.  Sev-
eral factors have been associated with the final BCVA fol-
lowing PPV. A poorer preoperative BCVA has been as-
sociated with higher BCVA gains  [112] . Greater retinal 
thickness, poorer glycemic control  [139] , presence of SRF 
 [137] , lack of ELM integrity  [140]  and disruption of the 
ellipsoid zone  [141]  have been associated with a poorer 
final absolute BCVA.

  Recommendation  
 DME treatment has vastly evolved in the last decade 

with the development of intravitreal anti-VEGF injection 
therapy and dexamethasone implants, which has put sur-
gery into a second-line position. DME surgery should be 
considered based on the vitreous and retinal status. The 
presence of anterior-posterior traction may be an indica-
tion for PPV in eyes with DME. Tangential traction due 
to an epiretinal or hyaloid membrane should be consid-
ered only when the response to anti-VEGF or dexameth-
asone implants is incomplete. There is no consensus re-
garding the advantages of PPV when there is no evidence 
of traction. Nonetheless, PPV has been proven to main-
tain BCVA, and it should be considered for cases unre-
sponsive to intravitreal treatments and no posterior vitre-
ous detachment, keeping in mind that the anatomical 
outcome will be better than the functional results. Further 
studies are needed to evaluate the effectiveness of surgery 
in eyes that have previously been treated with the drugs 
available on the market. The recommendation for PPV is 
given when traction is present based on evidence levels 
II–III.

D
ow

nl
oa

de
d 

by
: 

19
5.

17
8.

83
.1

27
 -

 1
0/

1/
20

17
 2

:3
3:

30
 P

M



 Guidelines for the Management of 
Diabetic Macular Edema by EURETINA 

Ophthalmologica 2017;237:185–222
DOI: 10.1159/000458539

215

  Systemic Diabetic Disease and Management 

 The Role of Metabolic Control 
 Rationale 
 Diabetes mellitus as a systemic disease can have vari-

ous macrovascular as well as microvascular complica-
tions. Among these, DR and particularly DME play a ma-
jor role as they are the major cause of blindness, and the 
number of people suffering from diabetes mellitus is in-
creasing worldwide  [142–144] . Therefore, the role of 
metabolic control needs to be evaluated whenever talking 
about the treatment of DR and particularly DME, a “side 
effect” of a systemic disease.

  Evidence 
 The role of metabolic control includes the question 

about the relevant target levels of glycemia and blood 
pressure for the prevention of the development or pro-
gression of DR, whether some hypoglycemic drugs and 
blood pressure-lowering agents are more effective than 
others for the prevention of DR, and the role of lipid-
lowering agents  [145] . The ETDRS study identified im-
portant risk factors for progression to high-risk PDR in-
cluding more severe stages of DR, decreased BCVA or 
increased DME, younger age or type 1 versus type 2 dia-
betes mellitus and high levels of HbA1c  [146, 147] . The 
list of risk factors for the progression to PDR also includ-
ed a low hematocrit and increased serum lipids as surro-
gates of a low quality of metabolic control. The long-term 
benefit of improving glycemic control was evaluated by 
large prospective studies such as the Diabetes Control 
and Complications Trial (DCCT) and the United King-
dom Prospective Diabetes Study (UKPDS)  [84, 148–154] . 
They provided strong evidence that tight control of gly-
cemia (with a glycosylated hemoglobin [HbA1c] of 7% or 
less) reduced the risk of development and progression of 
DR in both type 1 and type 2 diabetes mellitus.

  The DCCT addressed the questions whether in pa-
tients with insulin-dependent diabetes mellitus an inten-
sive therapy completely prevented the development of 
DR, whether the potential effect of therapy was depen-
dent on the preexisting stage of DR, and which other fac-
tors, besides the intensity of treatment, influenced the
effectiveness of therapy  [148, 150–152] . The DCCT in-
cluded 1,441 patients with insulin-dependent diabetes 
mellitus. The total study population was divided into a 
primary prevention cohort with a diabetes duration rang-
ing between 1 and 5 years and without DR at baseline and 
into a secondary intervention cohort with 1–15 years’ du-
ration and minimal to moderate nonproliferative DR. 

The patients were randomly assigned to either intensive 
treatment, aiming at achieving glycemic levels as close to 
the normal range as possible or to conventional diabetes 
therapy. The DCCT revealed that an intensive treatment 
reduced the risks of DR, nephropathy, and neuropathy by 
35–90% when compared with the conventional treat-
ment. The risks of DR and nephropathy increased with 
higher mean HbA1c level and higher body mass index. 
The earlier an intensive treatment was started, the more 
effective it was, in particular if complications had not de-
veloped yet. The risk reduction was maintained through 
7 years of follow-up, although the difference between the 
former intensive treatment group and the conventional 
treatment group decreased and eventually became statis-
tically nonsignificant by 5 years. The further rate of pro-
gression of complications from their levels at the end of 
the DCCT remained less in the former intensive treat-
ment group. The conclusions from the DCCT were that 
the benefits of 6.5 years of intensive treatment extended 
well beyond the period of its most intensive implementa-
tion, that intensive treatment should be started as soon as 
it is safely possible after the onset of type 1 diabetes mel-
litus and maintained thereafter and that one should aim 
for a practicable target HbA1c level of 7.0% or less.

  The UKPDS addressed the question whether improved 
blood-glucose control had an effect on macrovascular 
complications, while it simultaneously decreased the pro-
gression of diabetic microvascular disease such as DR 
 [149] . It included more than 3,800 newly diagnosed pa-
tients with type 2 diabetes with a median age of 54 years, 
who showed a mean of 2 fasting plasma glucose concen-
trations of 6.1–15.0 mmol/L after initiation of diet of 3 
months and who were randomly assigned to (1) an inten-
sive treatment arm with (1a) sulfonylurea or (1b) insulin 
or to (2) a conventional treatment arm with diet. Over 10 
years, HbA1c was 7.0% in the intensive care group com-
pared with 7.9% in the conventional treatment group, 
with no significant difference in HbA1c between the 2 
subgroups within the intensive care arm. Compared with 
the conventional group, the risk in the intensive care 
group was 12% lower for any diabetes-related endpoint, 
with the most marked impact with a 25% risk reduction 
on the microvascular endpoints, including the need for 
retinal laser therapy for DR. It was concluded that inten-
sive blood-glucose control by either sulfonylureas or in-
sulin substantially decreased the risk of microvascular 
complications including DR in patients with type 2 dia-
betes, while none of the drugs had an adverse effect on 
cardiovascular outcomes, and while all intensive treat-
ment increased the risk of hypoglycemia  [149] .
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  In a post-trial monitoring of the participants of the 
UKPDS, 4,209 out of 5,102 patients with newly diagnosed 
type 2 diabetes were randomly assigned to receive either 
conventional therapy (dietary restriction) or intensive 
therapy (either sulfonylurea or insulin or, in overweight 
patients, metformin) for glucose control  [155] . Although 
differences between the 2 groups in HbA1c levels were 
lost after the first year of the study, the intensive care sul-
fonylurea-insulin group showed a relative reduction in 
risk also after 10 years for any diabetes-related endpoint 
(9%,  p  = 0.04) and microvascular disease (24%,  p  = 0.001). 
One inferred that despite an early loss of glycemic differ-
ences, a continued reduction in microvascular risk and 
emergent risk reductions for myocardial infarction and 
death from any cause were observed during 10 years of 
posttrial follow-up of the UKPDS. Another study of the 
UKPDS was conducted to examine whether intensive 
glucose control with metformin had any specific advan-
tage or disadvantage as compared with insulin or sulfo-
nylurea therapy in patients with type 2 diabetes to de-
crease progression of microvascular disease and to reduce 
the risk of heart attacks  [156] . Among patients allocated 
to intensive blood-glucose control, metformin showed a 
greater effect than chlorpropamide, glibenclamide, or in-
sulin for any diabetes-related endpoint ( p  = 0.003) in-
cluding DR, all-cause mortality ( p  = 0.02), and stroke
( p  = 0.03). The authors concluded that since intensive 
glucose control with metformin decreased the risk of di-
abetes-related endpoints in overweight diabetic patients 
and since it was associated with less weight gain and few-
er hypoglycemic attacks than it was with insulin and sul-
fonylureas, metformin might be the first-line pharmaco-
logical therapy of choice in these patients  [155] .

  In the Fenofibrate Intervention and Event Lowering in 
Diabetes (FIELD) Study, 9,795 patients aged 50–75 years 
with type 2 diabetes mellitus were randomly assigned to 
receive fenofibrate 200 mg/day ( n  = 4,895) or matching 
placebo ( n  = 4,900)  [157] . At each clinic visit, information 
concerning laser treatment for DR – a prespecified ter-
tiary endpoint of the main study – was gathered. It re-
vealed that laser treatment was needed more frequently 
in participants with poorer glycemic or blood pressure 
control than in those with good control of these factors 
and in those with a greater burden of clinical microvas-
cular disease, but the need for such treatment was not af-
fected by plasma lipid concentrations. The FIELD Study 
also showed that the requirement for the first laser treat-
ment for any retinopathy was significantly lower in study 
participants taking fenofibrate than in study participants 
without fenofibrate therapy.

  Several other smaller-scaled studies also evaluated the 
relationship between the glycemic control and DR and 
arrived at similar conclusions  [145, 147, 154] . Intensive 
glycemic control reduced the risk of any retinopathy by 
approximately 27%. Intensive therapy was most effective 
when initiated early in the course of diabetes, demon-
strating a beneficial effect over the course and progres-
sion of retinopathy. The long-term benefits of the inten-
sive glycemic control greatly outweighed the risk of an 
early worsening of the retinopathy in the early phase of 
the therapy  [158] . Every percent reduction in HbA1c 
(e.g., from 9 to 8%) lowered the risk of retinopathy by 
30–40% and the effect appeared long lasting (metabolic 
memory)  [153] . To avoid any waning of the beneficial ef-
fect of intensive care therapy of diabetes mellitus, HbA1c 
should be maintained at target values as long as possible 
 [84] . Correspondingly, a meta-analysis of 3 population-
based studies showed a graded relation between the level 
of glycemia and frequency of DR signs, even below the 
diagnostic criterion for diabetes (fasting plasma glucose 
of 7.0 mmol/L)  [159] .

  In contrast to the findings obtained in the studies just 
described, the Action in Diabetes and Vascular Disease 
(ADVANCE) trial reported that aggressive glycemic con-
trol with an HbA1c of <6.5% did not substantially affect 
the development or progression of DR in patients with 
type 2 diabetes  [160, 161] . The Action to Control Cardio-
vascular Risk in Diabetes (ACCORD) trial showed that 
such aggressive glycemic control could be associated with 
increased mortality, although the cause of unexpected ex-
cess deaths remains unclear  [162] . The Veterans Affairs 
Diabetes Trial revealed no significant benefits of intensive 
glycemic control with an HbA1c of <6.9% on DR out-
comes after 5 years of follow-up  [163] . The reason for the 
difference between these studies and the UKPDS could be 
related to the differences in the study populations, the 
length of follow-up, the timing of the therapy and the in-
fluence of other contributing factors such as the control 
of arterial hypertension.

  Lowering elevated serum lipid levels has been shown 
to decrease the risk of cardiovascular morbidity. The
ETDRS data suggested that lipid lowering may also de-
crease the risk of hard exudate formation and associated 
vision loss in patients with DR  [146, 147] . The DCCT 
study revealed that the severity of DR was correlated with 
increasing blood concentrations of triglycerides and neg-
atively associated with the concentration of high-density 
lipoprotein cholesterol  [164] . In the FIELD study, fenofi-
brate, a lipid-modifying drug, reduced the need for laser 
treatment of vision-threatening DR by 31% in patients 
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with type 2 diabetes  [157, 165] . Interestingly, this obser-
vation did not seem to be attributable to measurable 
changes in blood lipid concentrations, suggesting that 
other as yet unknown mechanisms could have played a 
role.

  Recommendation 
 Clearly, diabetes as a severe and chronic systemic dis-

ease must be managed systemically by expert physicians, 
which is an endocrinologist or an internal medicine spe-
cialist. Ophthalmologists who may be the first ones to 
identify type 2 diabetes by ophthalmoscopy have an im-
portant responsibility to instruct the patient about the 
need to have the diabetic control consolidated. Asking for 
the HbA1c levels gives an orientation about the systemic 
condition and may lead to rereferral to the diabetologist. 
Another systemic feature worsening DME as well as DRP 
is systemic hypertension, which also requires a systemic 

approach. Interestingly, HbA1c levels do not correspond 
tightly to anti-VEGF treatment effects in the eye, and nei-
ther the absolute benefit nor the prognosis is associated 
with HbA1c levels. Timing of ocular therapy on the other 
hand is very important, suggesting early ocular interven-
tion and systemic workup should not substantially delay 
retinal therapy. The tightness of glycemic management 
and ups and downs in this regimen appear to influence 
the progression of DRP; therefore, a solid communica-
tion between the diabetologist and the retinologist is cru-
cial.
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