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ABSTRACT

اململكة  في  العامة  للصحة  الرئيسية  األعباء  من  ومضاعفاته  السكري  مرض  يعد 
والوذمة  السكرى  الشبكية  اعتالل  انتشار  معدل  أن  حيث  السعودية.  العربية 
البقعية السكرى في السعودية يقرب من %19.7 و 5.7 % على التوالى. الوذمة 
تهدد  التى  السكرى  الشبكية  اعتالل  مضاعفات  أحدى  هي  السكرية  البقعية 
العالم. تشمل  أنحاء  في جميع  البصر  لفقدان  رئيسي  ايضًا سبب  وتعتبر  الرؤية 
مثبطة  ، واستخدام عوامل  بالليزر  العني  الضوئي لشبكية  التخثير  العني  عالجات 
 ، الزجاجي  اجلسم  داخل  والكورتيكوستيرويدات  الدموية،  األوعية  بطانة  لنمو 
وجراحة الشبكية واجلسم الزجاجي عند الضرورة. مت تطوير اإلجماع احلالي كجزء 
سعودية  وإرشادات  إجماع  لتوليد  السعودية  العني  شبكية  مجموعة  جهود  من 
إلدارة الوذمة البقعية السكري ، مبا في ذلك توصيات للتشخيص والعالج وأفضل 
املمارسات. أجمع اخلبراء على أن خوارزمية العالج يجب أن تصنف وفًقا لوجود 
مشاركة مركزية في البقعة من عدمها. في املرضى الذين ال يعانون من تورط البقعة 
الصفراء املركزية ، يوصى بالتخثير الضوئي بالليزر كخيار أول. ميكن تقدمي العوامل 
املضادة لنمو البطانية املضادة لألوعية الدموية للمرضى الذين يعانون من التداخل 
البقعي املركزي وليس لديهم تاريخ حديث من اضطرابات القلب واألوعية الدموية 
للعالج  املستجيبني  غير  حالة  في  أول.  كخيار  الدماغية  الدموية  األوعية  و/أو 
البصري  بالتماسك  املقطعي  التصوير  في   20% من  أقل  حتسن  بأنه  )ُيعّرف 
من  آخر  عامل  إلى  التحول  في  التفكير  يجب  الرؤية(،  في  أحرف   5 من  أقل  أو 
العوامل املثبطة لنمو بطانة األوعية الدموية أو املنشطات بعد ثالث حقن. ضمن 
املرضى  حالة  في  أول.  كخيار  الديكساميثازون  بزراعة  يوصى  االستيرويد،  فئة 
الذين يعانون من امراض قلبية وعائية حديثة ، ال ينصح باستخدام عوامل مضادة 
اخلبراء  جلنة  أوصت  العدسة.  حالة  عن  النظر  بغض  الدموية،  األوعية  بطانة  لنمو 
بدراسة مستقبلية لتوفير نقطة فاصلة ميكن استخدامها للتبديل املبكر إلى غرسات 

الستيرويد في حالة العدسات املزروعة.  

Diabetes mellitus (DM) and its complications are 
major public health burdens in Saudi Arabia. The 
prevalence of diabetic retinopathy (DR) is 19.7% and 
the prevalence of diabetic macular edema (DME) is 
5.7% in Saudi Arabia. Diabetic macular edema  is a 
vision-threatening complication of DR and a major 
cause of vision loss worldwide. Ocular treatments 
include retinal laser photocoagulation, anti-vascular 
endothelial growth factor (anti-VEGF) agents, 
intravitreal corticosteroids, and vitreoretinal surgery 
when necessary. The present consensus was developed 
as a part of the Saudi Retina Group’s efforts to generate 
Saudi guidelines and consensus for the management of 
DME, including recommendations for its diagnosis, 
treatment, and best practice. The experts’ panel stipulates 
that the treatment algorithm should be categorized 

according to the presence of central macula involvement. 
In patients with no central macular involvement, laser 
photocoagulation is recommended as the first-line 
option. Patients with central macular involvement and no 
recent history of cardiovascular (CVS) or cerebrovascular 
disorders can be offered anti-VEGF agents as the first-
line option. In the case of non-responders (defined as an 
improvement of <20% in optical coherence tomography 
or a gain of fewer than 5 letters in vision), switching 
to another anti-VEGF agent or steroids should be 
considered after 3 injections. Within the class of steroids, 
dexamethasone implants are recommended as the first 
choice. In patients with a recent history of CVS events, 
the use of anti-VEGF agents is not recommended, 
regardless of their lens status. The experts’ panel 
recommends that a future study be conducted to provide 
a cut-off point for early switching to steroid implants in 
pseudo-phakic eyes.
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Diabetes mellitus (DM) poses a major global public 
health burden and has significant morbidity 

and mortality.1 Recent global figures have estimated 
that one in every 11 adults has DM (90% type 2 
diabetes), while DM accounted for 1.6 million deaths 
in 2016 globally.2,3 In patients with long-term DM 
or uncontrolled hyperglycemia, a cascade of vascular-
related pathological changes leads to a wide range 
of microvascular and macrovascular complications, 
including accelerated atherosclerosis, cerebrovascular 
diseases, coronary artery diseases, diabetic nephropathy, 
diabetic neuropathy, and diabetic retinopathy (DR).4-6 

Diabetic macular edema (DME) is a vision-threatening 
complication of DR and a major cause of vision loss 
worldwide.7 The incidence of DME increases with 
increased diabetes duration, affecting almost 40% 
of diabetic patients within 30 years after the onset of 
disease.8 Moreover, patients with type 1 diabetes are at 
a higher risk of DME than those with type 2 diabetes.9 
Other risk factors for DME include poorly controlled 
glycemic status, cardiovascular disease, deteriorated 
renal function, and use of diuretics.10 Though the 
exact pathogenesis of DME is not fully understood,  
different pathogenetic factors such as uncontrolled 
hyperglycemia, impaired lipid profile, and inflammatory 

mediators have been implicated in the development of 
DME.11 Recently, a growing body of evidence has shown 
that retinal hypoxia contributes to the pathogenesis 
of DME. Hypoxia leads to an increased expression of 
vascular endothelial growth factor (VEGF), a potent 
inducer of vascular permeability, and leakage from 
retinal vessels.12,13 

Various modalities are available for the diagnosis 
of DME. The presence of focal macular changes and 
exudates can be visualized by slit-lamp biomicroscopy 
of the posterior pole. Other diagnostic methods 
include fundus fluorescein angiography (FFA) for 
retinal capillary leakage/ischemia and optical coherence 
tomography (OCT) for cross-sectional imaging.14 
Preventive strategies for DME include proper glycemic 
control, reduced blood lipid levels, and regulation of 
systemic blood pressure.14 Ocular treatments include 
retinal laser photocoagulation, anti-VEGF agents, 
intravitreal corticosteroids, and vitreoretinal surgery 
when necessary.15 Recently, micropulse laser is used 
instead of the traditional laser photocoagulation in 
DME patients. Ophthalmologists favor micropulse 
laser due to its better therapeutic effect and fewer side 
effects (such as visual field defects, epiretinal fibrosis, 
and choroidal neovascularization) compared to 
conventional photocoagulation.16,17 

Pars plana vitrectomy (PPV) procedure is performed 
in DME cases when laser therapy and anti-VEGF failed 
to produce a desirable effect.15 Pars plana vitrectomy 
performed by the mechanical removal of vitreous 
humor; thus, reducing the thickness of the macula and 
improve visual acuity (VA). 

Saudi Arabia is the largest country in the Arabian 
Peninsula, with a population of over 28 million.18 The 
prevalence of DR is 19.7%  and the prevalence of DME 
in Saudi Arabia is 5.7%.19 However, published data 
on the characteristics and treatment patterns of DME 
patients in Saudi Arabia are scarce.

This consensus meeting brought together a panel of 
experts in DME to share their views on current trends 
and practices in Saudi Arabia and how they compare 
with the global picture to develop local treatment 
guidelines for DME. 

Consensus development. The present consensus 
was developed as a part of the Saudi Retina Group’s 
efforts to generate local Saudi treatment guidelines and 
consensus for the management of DME and to obtain 
recommendations based on the best-updated practice. 
Eight consultant ophthalmologists participated in 
the consensus development and represented 7 Saudi 
specialized institutions: 6 from the government sector 
and one from the private sector.
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Definition and pathogenesis of DME. 
Diabetic macular edema is an accumulation of fluid in 
the macula part of the retina due to leakage of blood 
vessels. It involves the deterioration of the blood-retinal 
barrier in the eye and a resulting pooling of fluid within 
the retina’s central area. This capillary leakage causes 
diffuse edema, whereas focal or multifocal leakage from 
grouped microaneurysms leads to localized edema.20

Most of the published literature adopts the criteria 
developed by the Early Treatment Diabetic Retinopathy 
Study (ETDRS) for the definition of clinically significant 
DME. The ETDRS defined clinically significant DME 
as the presence of retinal thickness/hard exudates within 
500 µm of the macular center or a retinal thickness 
of one disk diameter within one disk diameter of the 
macular center.11,21

The pathological hallmark of DME is the presence 
of increased vascular permeability, prompting the 
accumulation of intraretinal fluid, mainly in the inner 
and outer plexiform layers. However, the pathogenic 
mechanisms that lead to dysfunctions in the retinal 
barriers are not yet fully understood. Classical 
contributors to the development of DME include 
prolonged or uncontrolled hyperglycemia, impaired 
lipid profile, advanced glycation end-products, and 
protein kinase C.11 Over the past 3 decades, the role 
of hypoxia in the pathogenesis of DME has been 
elucidated by the accumulating evidence. Through 
its catecholaminergic effect, hypoxia induces the 
expression of VEGF and hypoxia-inducible factor-1α 
via α-adrenergic receptors, which in return stimulate 
the release of proangiogenic factors and formation of 
new vessels.22,23 Overexpression of VEGF is a common 
consequence of various pathological processes in DME. 
Increased levels of VEGF disturb the blood-retinal 
barrier through stimulation of adhesion molecules 
and neuronal apoptosis.24,25 Thus, the introduction of 
anti-VEGF agents has revolutionized the management 
of DME.26 Nevertheless, a considerable proportion 
of patients are resistant to anti-VEGF therapy, which 
highlights the significant involvement of other 
pathophysiological mechanisms of DME.27

Various inflammatory processes have emerged as 
significant contributors to the development of DME. 
Hyperglycemia induces overexpression of intercellular 
adhesion molecule (ICAM)-1 and monocyte 
chemotactic protein 1 (MCP-1) in vitreous fluid, 
leading to leukocyte adhesion. In return, leucocytes 
stimulate the release of cytokines and other mediators, 
leading to damage of the retinal barrier.28  According to 
Noma et al29 the levels of several inflammatory markers, 
VEGF receptor (VEGFR)-2, ICAM-1, MCP-1, and 

pentraxin 3 (PTX3), were higher in the vitreous of 
patients with DME. In addition, the aqueous flare 
value was significantly correlated with the vitreous fluid 
levels of these inflammatory findings. These findings 
highlight the role of the inflammatory process in the 
disruption of the blood-retinal barrier.

Consensus statement. Most experts agreed that the 
involvement of the central macula should be considered 
in any diagnosis of significant DME. The experts’ panel 
reached a consensus that DR and DME pathogeneses 
are interconnected. They also agree that inflammation 
plays a role in recurrent DME.

Epidemiology of DME. According to the 2012 
global meta-analysis by Yu et al30 the overall age-
standardized prevalence of DME is 6.81% (6.74% 
to 6.89%), with a higher prevalence in patients with 
type 1 DM than in those with type 2 DM (12.3% 
versus 11.9%). In a more recent review by Lee et al,31 
the global prevalence of DME was 4.2% to 8% in type 
1 DM and 1.4 to 12.8% in type 2 DM. In addition, 
it was reported that DME leads to vision loss in more 
than 10,000 new cases annually.32 Recent figures show 
that the prevalence of DME in the United States (US) 
is 3.8%.33 A similar prevalence was reported in Europe 
(3.7%).34

The prevalence of DME among patients with diabetes 
is generally much lower than that of DR. However, 
no observed geographical variations in the incidence 
of DME have been reported.35-38 In the Wisconsin 
Epidemiologic Study of Diabetic Retinopathy cohort, 
in which patients were followed up for 25 years, the 
incidence of DME increased proportionally with the 
duration of type 1 diabetes and plateaued after 14 years 
of follow-up (29%).7 

In the Middle East, the age-standardized prevalence 
of clinically significant DME was 4.9% in Iran,4.2% 
in Tunisia, and 11.5% in Egypt. 36,39,40 The situation 
appears to be similar in Saudi Arabia. In a large 
cross-sectional study, Al-Rubeaan et al19 obtained 
the data of 50,464 type 2 diabetes patients from the 
Saudi National Diabetes Registry (SNDR) and found 
that the prevalence of DR was 19.7% and DME was 
5.7%. In another report of 3,052 patients from Taif, 
the prevalence of sight-threatening DR among diabetic 
patients was 17.5%.41 In a random sample of 690 
diabetic patients from Al-Madinah Al-Munawarah 
(the western region of Saudi Arabia), the prevalence of 
DR was 36.1%, of which 6.4% was proliferative DR.42 
In Southern Saudi Arabia, the prevalence of DR was  
27.8% and maculopathy was 7.8%.43 The prevalence 
of DR in urban areas of Al-Hasa (an eastern region of 
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KSA) was 30.5% and rural was 28.6%.44 The prevalence 
of DR in Ha’il, KSA was reported to be 28.6%.45 

Consensus statement. Saudi Arabia is among the 
countries with the highest prevalence of DM and its 
complications, with regional variations. The incidence 
of DME ranges between 6% and 10% among Saudi 
patients with diabetes. Diabetic macular edema cases 
in Saudi Arabia are underreported, which may lead to 
the false notion of a lower incidence of DME in the 
Kingdom than in other parts of the world. Therefore, 
there is a need for a central unified and updated National 
Registry in order to reflect the current trends of DME 
patients in Saudi Arabia.

Diagnosis of DME.  The initial evaluation 
of DME depends on the visualization of macular 
thickness, exudates, and cystoid changes using contact 
lens-aided slit-lamp biomicroscopy.14 Previous reports 
revealed that both slit-lamp biomicroscopy and stereo 
fundus photography are insensitive to mild and early 
changes in retinal thickness.46

Another important imaging technique in the 
evaluation of DME is FA.  It is a qualitative method for 
the detection of active leakage. The angiogram visualizes 
both active leakage and capillary non-perfusion. 
Fluorescein angiography findings do not correlate with 
the clinical severity of retinal thickness or edema.47 
Thus, FA is not indicated for the diagnosis of DME. 
However, it is usually performed when treatment is 
planned to assess treatable lesions by laser or to rule out 
macular/peripheral retinal ischemia.48 

Optical coherence tomography provides high-
resolution imaging of the retina and quantitative 
assessment of changes in retinal thickness or edema. 
It can also demonstrate a number of microanatomical 
features in DME. Hard exudates are seen as small 
hyperreflective lesions typically found in the outer 
plexiform layer. Optical coherence tomography can 
also show intraretinal and subretinal fluid, seen as dark 
“spaces” in and under the retina, respectively. It can also 
demonstrate areas of subclinical macular edema as well 
as help to confirm the absence of macular thickening. In 
addition, OCT can demonstrate loss of different layers 
of the retina, such as the photoreceptors or nerve fiber 
layer, which can sometimes help to explain the visual 
loss in patients without other macular abnormalities. 
It is also useful in demonstrating abnormalities of the 
vitreoretinal interface, such as epiretinal membranes or 
vitreomacular traction, which may be more amenable 
to surgical therapy.49 

In the setting of DME, OCT is indicated for the 
diagnosis of clinically significant edema, assessment of 

severity, plan for treatment, and follow-up for treatment 
results.50

Optical coherence tomography is a more tolerable 
modality than FA, as it depends on infrared illumination 
of the fundus without invasive measures.51 Recent 
reports have demonstrated the predictive utility of 
OCT in terms of the success rate of various therapies 
through its ability to detect changes in macular volume, 
retinal thickness, and the presence of hyperreflective 
foci.52 The disadvantages of currently available OCT 
machines include the fact that image quality can be 
affected by media opacities, and the reliability of the 
data is operator-dependent.53 There are 2 types of 
OCT in terms of image collection and data generation: 
time-domain OCT and frequency-domain OCT. The 
frequency-domain OCT has evolved over recent years to 
include spectral-domain OCT (SD-OCT) and swept-
source OCT (SS-OCT).54 Recent studies have shown 
that retinal thickness measurement differences between 
SD-OCT and TD-OCT devices might exist. Currently 
published literature shows discrepancies regarding the 
optimal cut-off for central retinal thickness to define 
edema (Table 1).

Optical coherence tomography angiography 
(OCTA), provides deep observation of the blood flow 
of the retinal capillary layer. In patients with DR, 
many abnormalities in capillary flow density have been 
confirmed and microaneurysms from the deep capillary 
layer were demonstrated as well.  These aspects could 
not be evaluated with FA and OCT.55 Five OCTA 
biomarkers, including foveal avascular zone area 
(FAZ-A), FAZ contour irregularity (FAZ-CI), vessel 
tortuosity (VT), average vessel caliber (AVC), and vessel 
density (VD), have been developed.56 In addition, the 

Table 1 - Reported cut-off values according to different optical coherence 
tomography (OCT) machines.

Machine
Bentaleb-
Machkour 

et al54

Cochrane 
review55

Brown 
et al56

Campbell 
et al57

Goebel 
et al58

Stratus OCT 197 µm 230 µm 300 µm 240µm NA

Cirrus HD-
OCT

254 µm 254 µm NA NA NA

Spectralis 
HRA+OCT

236 µm 300 µm NA NA NA

OCT 2000 
scanner

NA NA NA NA 230 µm

OCT: optical coherence tomography, HRA: heidelberg retina 
angiograph
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to the conventional laser, the therapeutic effect of the 
subthreshold micropulse laser is not accompanied by 
thermal retinal damage. Micropulse treatment is applied 
in indications such as central serous chorioretinopathy, 
DME, or macular edema due to retinal vein occlusion.60 
According to the findings of the ETDRS trial, laser 
photocoagulation demonstrated high efficacy in 
improving visual acuity and slowing the progression of 
visual field loss in patients with DME. These findings 
were further supported by recent trials that reported a 
superior benefit of laser photocoagulation over other 
options in patients with clinically significant DME.61,62

However, laser photocoagulation is not a 
complication-free procedure. A recent review by 
Reddy and Husain63 showed that pan-retinal laser 
photocoagulation may be associated with choroidal 
effusion, retinal detachment, macular hemorrhage, 
and visual field deficits. However, the risk of these 
complications is mainly related to inappropriate settings 
of laser parameters such as power and duration.64

Laser photocoagulation can be also used in 
combination with anti-VEGFs. Multiple studies 
reported that post-injection laser therapy is more 
effective than laser alone or anti-VEGFs alone on the 
VA of DME patients.65-67 Approximately 10% to 40% 
of patients who received post-injection laser gained ≥15 
letters improvement in their VA.

Overall, it should be noted that focal laser 
photocoagulation remains the gold standard treatment 
for focal DME and non-center involved macular edema. 
Its effect is most important after 2 years of follow-up. 
The grid laser photocoagulation technique may be 
indicated in cases of resistance or contraindications of 
anti-VEGF drugs. However, the laser is no more the 
gold standard for center-involved ME, even the focal 
photocoagulation.68 

On the other hand, panretinal laser photocoagulation 
(PRP) is still a first-line therapy in the management of 
proliferative diabetic retinopathy (PDR).69 In patients 
with PDR but no central DME, PRP is considered 
the main treatment; while, in patients with PDR with 
non-central DME, a focal laser could be used with 
the PRP. If the PDR is presented with center-involved 
DME, anti-VEGF therapy is recommended. Then, 
PRP can be applied.70

The association between laser photocoagulation and 
intravitreal anti-VEGF drugs, despite their having an 
inferior effect compared to anti-VEGF alone, should 
be studied more extensively with 3 or more years 
of follow-up. New laser developments, such as the 
sub-threshold diode micropulse laser photocoagulation, 
seem promising but need to be studied more extensively.

new OCT biomarkers of disorganization of retinal 
inner layers (DRIL) could be added to the prognostic 
ability of DME.57

The ETDRS defined the criteria for “clinically 
significant macular edema” as having any of the 
following features: thickening of the retina at or 
within 500 microns of the center of the macula; hard 
exudates at or within 500 microns of the center of the 
macula, if associated with thickening of the adjacent 
retina (excluding residual hard exudates remaining 
after the disappearance of retinal thickening); or retinal 
thickening at the one-disc area or larger, at any part 
within one disc diameter of the center of the macula.21  

Consensus statement. The experts’ panel agreed that 
the optimal cut-off for central retinal thickness depends 
on the machine used. According to a recent evidence-
based review, the central retinal thickness ranged from 
230 µm to 300 µm across different OCT machines, 
as presented in Table 1. The experts’ panel also agreed 
that biomarkers (such as preserved photoreceptor, 
hyperreflective spots by OCT, subfoveal neurosensory 
detachment, diffuse spongy edema, SRF, DRIL, and 
IS/OS junction) are important and aid in choosing 
the right treatment option. The experts’ panel states 
that they depend on OCT, FA, location of edema, and 
VA for the diagnosis of DME in clinical practice. Also, 
they agreed that OCT is the preferred method to assess 
treatment response.

Management of DME. General preventive 
measures are essential to reduce the risk of DME 
development and progression. According to the 
American Diabetes Association, glycated hemoglobin 
(HbA1c) should not exceed 7%, while the blood 
pressure and total lipids should be kept under 130/80 
mmHg and 100 mg/dL, respectively.58 For patients 
with clinically significant DME, the following options 
can be considered:  retinal laser photocoagulation, 
anti-VEGFs, corticosteroids, and vitreoretinal surgery 
when necessary in cases of vitreomacular traction 
(VMT) or epiretinal membrane with DME.

Laser treatment of DME. The ETDRS group 
stated that the 2 most important techniques of laser 
photocoagulation in patients with DME are focal and 
grid laser techniques. Focal treatment is required for 
focal lesions located between 500 µm and 3000 µm 
from the center of the macula. A grid laser, in which 
mild power laser impacts are made with a spot size of 
50 µm to 200 µm, is required for more widespread 
and diffuse edema.59 Micropulse laser treatment is an 
alternative to the conventional continuous-wave laser for 
the treatment of retinal or macular diseases. In contrast 
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Anti-VEGF agents. Since the approval of anti-VEGF 
agents for the treatment of age-related macular 
degeneration in 2006, their use has grown exponentially 
to include a wide range of retinal and anterior segment 
diseases.71,72 With regard to DME, 2 anti-VEGF agents 
are currently approved by the Saudi Food and Drug 
Administration, namely ranibizumab and aflibercept. 

Ranibizumab, the first approved anti-VEGF 
agent, is a humanized monoclonal antibody that 
acts by interrupting the functions of all isoforms of 
VEGF. Previous reports indicated that ranibizumab is 
effective in decreasing macular thickness and choroidal 
neovascularization.73 In the pivotal RESTORE 
study, ranibizumab was compared, either alone or in 
combination with laser, to laser photocoagulation for 
the treatment of DME. Both ranibizumab monotherapy 
and a combination of ranibizumab with laser therapy 
exhibited superior efficacy compared to laser treatment 
in the one-year change in VA and macular thickness, 
though no significant difference between ranibizumab 
monotherapy and a combination of ranibizumab with 
laser therapy was reported.74

The results of several randomized trials using 
ranibizumab are available. They include a comparison 
with sham injection (RESOLVE, RISE, and RIDE), 
comparison with laser treatment (READ-2 and 
RESTORE), and comparison with prompt and 
deferred laser (DRCR.net Protocol I). All these studies 
have shown that intravitreal ranibizumab monotherapy 
is superior to laser monotherapy or intravitreal 
triamcinolone and that additional laser (prompt or 
deferred) combined with intravitreal ranibizumab does 
not necessarily improve vision in DME.75

Aflibercept is a soluble protein that binds 
extracellularly to VEGF receptors and can interfere with 
all 6 VEGF proteins (VEGF trap).76 DA VINCI (DME 
and VEGF trap-eye: investigation of clinical impact), a 
Phase II study, compared different doses of aflibercept 
(VEGF Trap) with laser over a period of one year. At 
one year, more proportions of patients who received 
aflibercept gained  >10 and >15 letters than those who 
received laser alone.77 The phase III parallel study; 
VIVID-DME and VISTA-DME, compared 2 doses of 
aflibercept (2 mg every 4 weeks, 2q4, and 2 mg every 8 
weeks, 2q8) after the initial 5 monthly injections with 
laser treatment; both doses of aflibercept were found to 
be superior to laser.76

The anti-VEGF treatment schedule usually 
involves a loading dose of monthly injections for 3 
months followed by an injection every 4 to 6 weeks, 
if necessary.78 Since it requires many visits for frequent 
injections, we reported different treatment regimens, 

from monthly treatment to pro re nata (PRN) and 
treat and extend (TE). In TE regimens, the interval of 
follow-up visits should be adjusted based on the clinical 
course of DME. If the patient has not experienced any 
sign of active disease, intervals will be extended. While 
if there is any sign of edema, the next interval will be 
shortened. Therefore, TE may also be called pro-active, 
while the PRN protocol is reactive. Treat and extend  
regimen has been proven to be superior to the other 
regimens in terms of better visual outcomes despite 
fewer injections.79

A considerable proportion of patients remain 
unresponsive to anti-VEGF agents (Table 2), even with 
monthly injections for up to 2 years. According to 
the Diabetic Retinopathy Clinical Research Network 
(DRCRnet) protocol I, almost half of the patients 
on ranibizumab failed to achieve ≥2-vision-line 
improvement and 40% still had macular edema ≥250 µm 
after 2 years.80 In patients who are unresponsive to 
first-line anti-VEGF therapy or have an unsatisfactory 
response, a switch to another class of treatment may be 
considered.81

Corticosteroids. Owing to the anti-inflammatory 
effect of corticosteroids, it is considered an important 
option in the management of DME. Switching to 
steroids is recommended in patients who are non-
responders to anti-VEGF agents. Besides, some patients 
can benefit from steroids as first-line therapy.82

Intravitreal corticosteroids can improve the outcomes 
of DME by inhibiting the release of inflammatory 
mediators and leukostasis, which are significant 
contributors to the development of DME.28 Initially, 
intravitreal injection of triamcinolone acetonide (TA) 
was studied and exhibited significant improvements in 
visual and anatomical outcomes among patients with 
DME.83-85 Triamcinolone acetonide combined with laser 
therapy was found to be as effective as ranibizumab plus 
laser therapy in pseudophakic eyes.86

However, elevated intraocular pressure (IOP) and 
cataract are major concerns during triamcinolone 
acetonide injections; Gillies et al87 reported that 44% of 
the patients receiving TA injections required glaucoma 
medications, and 54% underwent cataract surgery.86  The 
sustainability of the beneficial effect of triamcinolone 
acetonide injection may be considered as another 
limitation for its use in patients with refractory DME.88 
Nevertheless, intravitreal triamcinolone acetonide has 
not yet been approved for DME and its use is mainly 
off-label.89

Dexamethasone implants and fluocinolone acetonide 
are new options found to be efficient in various studies.90 
Dexamethasone intravitreal implant (DEX implant; 

http://www.smj.org.sa/index.php/smj/index
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Table 2 - Summary of real-life studies supporting the safety and efficacy of anti-VEGFs.

Study Drugs Study design Patient 
status

Number 
(eyes)

Follow-
up 

(months)

Mean 
number 

IVI

Baseline 
VA 

(letters)

Final 
VA 

(letters)

Mean 
VA gain 
(letters)

Mean 
CRT 

reduction
IOP

Cataract 
progression/
extraction

Bahrami et 
al91 Aflibercept Prospective Non-Naïve 43 6 5 67.8 71 3.2 37 µm

0% (IOP ≥ 
25 mmHg or 
a rise of IOP 
≥10  mmHg)

0%

Kaiho et al92 Aflibercept ND Non-Naïve 51 12 3.8 65.5 70 4.5 ND ND ND

Aksoy et al93 Bevacizumab Prospective Naïve 20 6 6 51 55.5 4.5 210 µm 10% (IOP >21 
mmHg) 2.50%

Fong et al94 Bevacizumab Retrospective

Mixed
(65% naive, 
30% laser, 

4% steroid)

309 24 3.1 57 62.3 5.3 ND ND ND

Güler et al95 Bevacizumab Prospective ND 20 9 6 38 42 4 295 ± 42 
µm ND 0%

Koc et al96 Bevacizumab Retrospective Naïve 90 24 4.9 45.2 48.7 3.5 74.7 ± 
133.9 ND 13.70%

Riazi-Esfahani 
et al97 Bevacizumab ND Naïve 46 6  67.5 72.5 5 102 ± 

108
6.5% (IOP 

≥21 mmHg) 0

Cheema et al98 Bevacizumab 
(diffuse) Retrospective ND 28 6 1.3 44 45 1 ND ND ND

Ciulla et al99 Ranibizumab Retrospective Non-Naïve 33 12 6 59 63 4 44 µm ND ND

Egan et al100 Ranibizumab Retrospective
Mixed 
(49.6% 
Naive)

3103 24 5.4 51.1 52.5 1.4 ND ND ND

IVI: intravitreal injection, VA: visual acuity, CR: central retnal thickness, IOP: intra-ocular pressure, ND: not determined/detected

Ozurdex; Allergan, Inc., Irvine, CA) is a device that 
maintains a sustained release of dexamethasone for up 
to 6 months. Currently, dexamethasone implants are 
approved for the treatment of DME.101

In the pivotal MEAD trials, a greater percentage 
of patients with a ≥15-letter gain of best corrected 
visual acuity (BCVA) from baseline was observed in 
the dexamethasone implant groups than in the sham 
arm. A similar finding was observed for CRT.102 In the 
PLACID trial, a higher percentage of patients in the 
dexamethasone arm achieved at least 10 letters than 
the laser monotherapy arm. The percentage of patients 
requiring glaucoma medications was significantly higher 
in the dexamethasone arm.103

Data from real-life studies further supported the 
safety and efficacy of dexamethasone implants in naïve 
and non-naive patients. Dexamethasone implants are 
thought to be associated with lower risks of glaucoma and 
cataracts. Dexamethasone implants have lower lipophilic 
properties than other corticosteroids, which render its 
lower binding affinity to the trabecular meshwork. Thus, 
dexamethasone implants are thought to be associated 
with lower risks of glaucoma and cataract (Table 3).104 
Early identification and treatment of non-responders are 

critical in the setting of DME as long-standing edema 
may lead to macular ischemia, fibrosis, and atrophy.105  
Current evidence suggests that early poor anatomic 
(reduction of <20% in CRT) and functional (less than 5 
letter gain in BCVA) response to anti-VEGF is associated 
with less favorable long-term anatomic and functional 
outcomes.106-107 Thus, it was proposed that early shifting 
from anti-VEGF agents in partial responders can result 
in better outcomes. Cicinelli et al,108 studied 45 patients 
who were shifted to 0.7 mg dexamethasone implant 
after 3 injections of ranibizumab. Poor responders to 
ranibizumab exhibited a clinically significant reduction 
in CRT and better improvement in BCVA than patients 
with good response. More recently, Busch et al109 

compared the early switch to dexamethasone implant 
versus continuing anti-VEGF therapy in refractory 
DME. After 12 months of treatment, the results 
indicated better functional and anatomic outcomes in 
the early switch group than in the anti-VEGF group. 

The possibility of cataract development following 
corticosteroid therapy is not present in patients with 
pseudophakic eyes. Thus, dexamethasone implants may 
be preferred over other options for DME management 
in patients with pseudophakic eyes. In a prospective 
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comparative study by Ozsaygili and Duru,117 they 
observed that both dexamethasone implant and 
aflibercept were effective and safe in treatment-naive 
DME patients with an inflammatory phenotype. 
In pseudophakic eyes, the functional superiority of 
aflibercept ceased to exist, and the low number of 
injections in the dexamethasone implant group was 
seen as an advantage.117

Provided with evidence that supports the efficacy 
of corticosteroids in DME, the 2017 guideline of the 
European Society of Retina Specialists recommended 
the use of corticosteroids as second-line options in 
patients who remain unresponsive after 3 to 6 injections 
of anti-VEGF agents.82 However, a corticosteroid 
may be considered as the first-line option in patients 
with cardiovascular morbidities, very thick edema, 
having inflammatory biomarkers on OCT (DRIL, 
Hyperreflective foci) that reveal a long-standing 
inflammation unlikely to respond to a few anti-VEGF 
injections or patients who are not willing to present 
monthly for injection. 

On the other hand, diabetic patients have both a 
higher prevalence of early cataract, with a consequent 
need for cataract surgery. Managing a patient with 
preexisting DME who underwent cataract surgery is 
challenging. Several treatment strategies have been 
investigated in order to prevent worsening the DME after 

cataract surgery. While, in the presence of DME during 
the cataract surgery, combining phacoemulsification 
surgery with an intravitreal injection of anti-VEGF or 
steroids before the cataract surgery is recommended to 
prevent macular edema worsening after the surgery. 

Consensus statement. International guidelines 
recommend monthly examination of patients after 
anti-VEGF injection for the assessment of treatment 
response. However, the experts’ panel stated that 
OCT-based assessment should be carried out at least 
every 3 months after loading doses of anti-VEGF. 
Our assessment recommendation is based on the TE 
strategy. We prefer the TE strategy due to the high cost 
of the monthly visit, difficulty for some old patients, 
and better results of TE shown in real-world practice.118

The experts’ panel stipulated that the following 
criteria define the improvement of anti-VEGF 
treatment: if VA improved by more than 5 letters or the 
central subfield thickness on OCT improved by more 
than 20% since the last assessment before treatment as 
per the protocol I.107 

The experts’ panel stipulated that the following 
criteria define non-responders to anti-VEGF: signs of 
massive edema, reduction of <20% in CRT or macular 
volume, and no or <5 letter improvement in VA after 
initial loading course (as per protocol I sub-analysis).115 
The experts’ panel stated that, in their clinical practice, 

Table 3 - Summary of real-life studies supporting the safety and efficacy of dexamethasone implants.

Study Study design Patient 
status

Number 
(eyes)

Follow-up 
(months)

Mean 
number 

IVI

Mean 
VA gain 
(letters)

CRT 
reduction 
by OCT 

IOP
Cataract 

progression/
extraction

Chatziralli 
et al110 Prospective Non-naive 54 12 2.1 5.2 181 µm 5.6% (IOP >20 mmHg) 4.30%

Cicinelli et 
al108 Retrospective Non-naive 45 12 1.9 5.8 29 µm 18.4% (IOP ≥20 mmHg) 20%

Iglicki et al111 Retrospective Non-naive 59 24 3.1 8.5 ND 7.10% ND

Guigou et al112 Retrospective
Mixed 
(20.5% 

de naive)
78 6 1.2 8.0 145.2 µm

11.7% (IOP >25 mmHg), 
13.3% (rise of IOP >10 

mmHg)
0%

Pareja-Rios et 
al113 Retrospective Naive 113 12 1.4 9.7 32 µm 4% (rise of IOP >10 

mmHg) ND

Bellocq et al114 Prospective Mixed 
(73% naive) 37 6 1.5 10.1 206 µm

14% (IOP > 25 mmHg), 
3% (IOP >35 mmHg) 8% 
(rise of IOP > 10 mmHg)

ND

Malcles et al115 Retrospective Mixed 
(27% naive) 128 36 3.6 9.5 138 µm

10.2% (IOP >25 mmHg), 
2.3% (IOP >35 mmHg) 

19% (rise of IOP >10 
mmHg)

ND

Scaramuzzi et 
al116 Retrospective Mixed 

(7% naive) 15 12 2.0 8.5 240 µm 20% 8.30%

IVI: intravitreal injection, VA: visual acuity, CRT: central retnal thickness, IOP: intra-ocular pressure, ND: not determined/detected,
OCT: optical coherence tomography

http://www.smj.org.sa/index.php/smj/index
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between 20-30% of patients are non-responders 
according to these criteria.

They also agreed that 3 injections were sufficient to 
identify non-responders. After this, switching can be 
considered accordingly.

They stated that they consider shifting to another 
anti-VEGF in case of suboptimal response to the 
current anti-VEGF. The utility of switching between 
anti-VEGF agents is debatable. Factors other than 
potency, including price and availability, may be 
considered in switching decisions.

The experts’ panel agreed that early treatment with 
DME is recommended to achieve a better prognosis. 
Steroid injection can be beneficial in these types of 
patients: patients who are non-responders after 3 to 
6 injections of anti-VEGF injections, patients with 
pseudophakic eyes, post-vitrectomy patients, patients 
not willing to be injected on monthly treatment, 
pregnant patients, and patients with recent (3 to 6 
months) cardiovascular (CV) or cerebrovascular events. 
Specifically, the experts’ panel stated that they will 
consider steroids in controlled glaucoma patients who 
are non-responders to anti-VEGF therapy. They also 
stated that they would prefer a dexamethasone implant 
as a first-line option over triamcinolone. For steroids, 
the experts agreed that the response should be evaluated 
after 2-3 months.

The experts agreed that most of the women who 
develop DME during pregnancy pass through a 
spontaneous post-partum resolution and do not require 
implants.119 However, the experts recommend using 
dexamethasone implant for women who developed 
DME before pregnancy. 

The experts’ panel agreed that patients with small 
DME and good VA could be observed closely, instructed 
for strict systemic control of DM and HTN, and start 
anti-VEGF therapy only if their case aggravated  (as per 
protocol V).120 

The experts’ panel agreed that they need to provide 
courses and workshops for ophthalmologists, who are 
dealing with DME to increase their awareness on disease 
management. They also highlighted the importance of 
establishing unified medical records that can ease the 
individualization of management based on personal 
medical history. 

Algorithm of treatment. In this section, we provide 
the most updated (until the end of 2019) consensuses 
from  the US and Europe. The American Delphi 
Panel121 highlighted that the non-responders are defined 
as the failure of BCVA to improve to 20/40 or better 
because of edema after 3 to 6 monthly injections, or 
a  lee than 50% reduction in excess macular thickness 

on OCT after 3 to 4 monthly injections. They also 
highlighted the role of combination therapy. Therefore, 
if a patient is a non-responder to anti-VEGFs, they shift 
to steroids, and if they do not respond as well, they use 
the combination. They also mentioned that the ideal 
patients to shift for steroids are patients who have a lack 
of anatomical response, lack of improvement in BCVA, 
treatment burden, and recent strokes. In addition, they 
saw that OCT results are more valuable than FA. They 
also highlighted the criteria of non-responders and 
settled the criteria of eligible patients for steroids, which 
includes: patients with vitrectomized eye, patients 
planned for cataract surgery, those with persistent 
DME, inadequate responder to anti-VEGF who is 
pseudophakic, inadequate responder to anti-VEGF 
who is phakic and older than 60 years old, inadequate 
responders to anti-VEGF who is phakic and younger 
than 60 years old, resistant to laser photocoagulation, 
and patients with successful filtration to controlled IOP.

The Spanish Delphi panel was recently 
published. The experts’ panel agreed that intravitreal 
dexamethasone implants are useful in the treatment 
of patients with DME with different profiles.122 

Examples of such patients include pseudophakic, 
poor adherents, vitrectomized, candidates for cataract 
surgery, patients with a high inflammatory component, 
and with a history of cardiovascular events. The use 
of intravitreal dexamethasone reduces the number of 
visits and facilitates compliance. Inadequate response 
to anti-VEGF therapy is defined as <10% reduction 
in CRT or <5 letters improvement in BCVA. Experts 
thought that the switch from anti-VEGF therapy 
to intravitreal dexamethasone implants should be 
performed preferably after 3 injections. In addition, 
PRN treatment provides better results in DME patients 
as it helps to prevent undertreatment.

Italian experts also published a Delphi-based 
consensus.123 The experts’ panel agreed that 
dexamethasone intravitreal implants are considered 
to be a valid first-line alternative to treatment with 
an anti-VEGF agent and should be the first choice in 
pseudophakic and vitrectomized patients. The PRN 
regimen was deemed appropriate for retreatment with 
dexamethasone intravitreal implants, while a 6-month 
waiting period was not considered suitable. Among 
steroid treatments, dexamethasone intravitreal implants 
were considered to have the best ocular tolerability. In 
patients with persistent macular edema after the loading-
phase treatment with anti-VEGF agents, a consensus 
was reached that clinicians should consider switching 
therapy to dexamethasone intravitreal implants 
after 3 to 5 injections. Moreover, dexamethasone 
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intravitreal implants can reduce the treatment burden 
for individuals who are unable to cope with the more 
intensive treatment regimen required by anti-vascular 
endothelial growth factor therapy.

Recently, French experts also published a Delphi-
based consensus.124 The experts agreed that anti-VEGF 
therapy is the current first-line treatment for DME.  
Steroids also represent a valid treatment option in the 
management of naive DME, and their efficacy has also 
been confirmed in several studies. Inadequate response 
to anti-VEGF therapy is defined as a <20% reduction 
in CRT, <5 letters improvement in BCVA, or partial 
or complete failure or recurrence too frequent. In such 
cases, switching to dexamethasone intravitreal implants 
can be considered.

Consensus statement. The experts’ panel agreed to 
categorize the treatment algorithm according to the 
presence of central macula involvement.

a) The cardiovascular or cerebrovascular event has 
to be recent, that is, within the last 3 to 6 months. If it is 
not recent, then steroids might not be the only available 
line of treatment; therefore, they advise to include the 
word RECENT in the definition. 

b) Within the class of steroids, dexamethasone 
implants should be used first, while fluocinolone can 
be considered in non-steroid responders.82 They should 
involve the patient in the decision of choosing the 
appropriate treatment option based on many factors, 
including those where affordability could play a role. 

c) In the phakic eyes, the experts’ panel stated 
that anti-VEGF agents are the first choice, and steroids 
can be a second option for patients not responding to 
anti-VEGF agents. Patients may be informed on the 
risk of cataract surgery following steroid injections, and 
IOP must be monitored.

d) For patients with no recent major CV events, 
the experts’ panel agreed not to classify them into 
phakic or pseudo-phakic eyes. They will be considered 
as a single group to initially take anti-VEGF agents for 3 
months; the evaluation should take place subsequently. 
In the case of responders, anti-VEGF agents should be 
continued; for non-responders, you have to choose to 
either switch to steroids or continue on anti-VEGF 
agents. 

e) Tractional macular edema is characterized 
by an incomplete posterior vitreous detachment with 

Figure 1 - Treatment algorithm for diabetic macular edema

http://www.smj.org.sa/index.php/smj/index
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the persistently adherent vitreous humor exerting 
a tractional pull on the macula and resulting in 
morphologic alterations and consequent visual decline.

f ) The experts’ panel recommends that the 
“tractional macula edema” term should be replaced 
by VMT or vitreomacular adhesion (VMA), as these 
are more precise terms. Vitreomacular adhesion, as a 
definition, is usually used as a term to describe the non-
edematous eyes, but for VMT, edema is the characteristic 
pathogenesis of DME. Therefore, the experts agreed to 
remove VMA and put only VMT.

g) The experts’ panel agreed that the initial 
treatment of VMT should consist of one trial of 
intravitreal injection of anti-VEGF agents. 

h) The experts’ panel recommends that 
dexamethasone implants be the first-line steroid for 
anti-VEGF non-responders, as triamcinolone acetonide 
is being used as an off-label indication and it is associated 
with a high rate of complications. Fluocinolone can be 
reserved as a second-line steroid. The final algorithm is 
presented in Figure 1. 

Discussion. Diabetic macular edema is a vision-
threatening complication of DR and a major cause 
of vision loss worldwide. Ocular treatments include 
retinal laser photocoagulation, anti-VEGF agents, 
intravitreal corticosteroids, and vitreoretinal surgery 
when necessary.

A growing body of evidence suggests a critical role of 
inflammatory mediators/processes in the pathogenesis 
of DME, especially among chronic patients or those 
who show an inadequate response to anti-VEGF 
agents.125 Recently, several OCT-based inflammatory 
biomarkers, such as hyperreflective retinal spots 
(HRS) and subfoveal neuroretinal detachment (SND), 
were investigated as predictive factors for response in 
patients with resistant DME.126 Spectral domain-OCT 
provides promising parameters to predict the response 
to dexamethasone implants; however, further studies 
are still needed.

The subclinical DME is a state in which macular 
thickening can be visualized by OCT quantitatively, 
yet it can not be seen on the clinical examination. 
In an observational study conducted by Elman et  
al,127 one-fourth to one-half of the subclinical DME 
patients has progressed to clinically significant DME 
within 2 years of follow-up. Our recommendation 
for the management of Subclinical DME is composed 
mainly of prevention of its progression to more 
definite thickening. A regular follow-up visit, glycemic 
control, and strict control of the other risk factors (as 

hypertension and smoking) are highly recommended.  
Current anti-VEGF treatments require frequent 

injections and monitoring, causing a significant burden 
on patients and healthcare systems, with a financial 
impact and reduction in patient quality of life.128 In 
a 2017 report, Ramu et al129 reported a statistically 
significant improvement in treatment satisfaction 
in patients with DME treated with dexamethasone 
intravitreal implants. 

Non-proliferative DR (NPDR) patients can progress 
into 2 different clinical pathways; either to the exudate 
formation stage (DME) or to the proliferative changes 
of DR.130 In patients with severe NPDR who progressed 
to the proliferative stage of DR, the authors recommend 
using anti-VEGF injection combined with PRP which 
used to be the first-line treatment. 

Diabetic macular edema management has been 
evolving over the last few years due to improvement in 
the imaging techniques and the introduction of new 
medications. Therefore, our guidelines might be updated 
in the future according to the evolving evidence. 

In conclusion, for patients with no central macular 
involvement, laser photocoagulation is recommended 
as the first-line option. Patients with central macular 
involvement and no recent history of CVS should 
be offered anti-VEGF agents as the first-line option. 
In the case of non-responders, switching to another 
anti-VEGF agent or steroids should be considered.
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