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a b s t r a c t

Diabetic Macular Edema (DME) is caused by accumulation of extracellular fluid from hyperpermeable
capillaries within the macula. Diabetic Macular Edema (DME) is one of the leading causes of blindness
among Diabetes Mellitus (DM) patients. Early detection followed by laser photocoagulation can save the
visual loss. This review discusses various imaging modalities viz. biomicroscopy, Fluorescein Angio-
graphy (FA), Optical Coherence Tomography (OCT) and colour fundus photographs used for diagnosis of
Diabetic Macular Edema (DME). Various automated Diabetic Macular Edema (DME) grading system using
retinal fundus images, associated retinal image processing techniques for fovea, exudate detection and
segmentation are presented. We have also compared various imaging modalities and automated
screening used for Diabetic Macular Edema (DME) grading. The reviewed literatures indicate that
Fluorescein Angiography (FA) and Optical Coherence Tomography (OCT) identify Diabetic Macular Edema
(DME) related changes accurately. Fluorescein Angiography (FA) is an invasive method, which uses
fluorescein dye, and Optical Coherence Tomography (OCT) is an expensive imaging method compared to
fundus photographs. Moreover, using fundus images Diabetic Macular Edema (DME) can be identified
and automated Diabetic Macular Edema (DME) grading algorithms can be implemented for
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telescreening. Hence, fundus imaging based Diabetic Macular Edema (DME) grading is a more suitable
and affordable method compared to biomicroscopy, Fluorescein Angiography (FA), and Optical Coherence
Tomography (OCT).

& 2015 Published by Elsevier Ltd.
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1. Introduction

Diabetes Mellitus (DM) is a chronic medical condition char-
acterized by impaired glucose metabolism caused due to
destruction of pancreatic β-cell. It is mainly classified into type-I
(insulin deficiency) and type-II (insulin resistance) diabetes [1–3].
In 2008, global prevalence of diabetes is estimated to be 2.8% and
it may elevate to 4.4% by 2030 [4]. Globally, 171 million people are
affected with diabetes and it is estimated to rise to 366 million by
2030 [4–6]. Primarily, diabetes affects the important organs viz.
heart, kidneys, feet and eyes [2,5]. The cross section of retina is
shown in Fig. 1. It has various layers and different types of neurons
viz. receptors, horizontal cells, bipolar cells, amacrine cells and

ganglion cells [7]. The optic nerve contains axons of ganglion cells
which is connected to the brain. Moreover, the blood vessels are
entered through Optic Disk (OD) to vascularize different layers of
retina and neurons [7]. Diabetic Retinopathy (DR) is a damage of
the retinal blood vessels due to diabetes and is classified into Non-
Proliferative Diabetic Retinopathy (NPDR) and Proliferative Dia-
betic Retinopathy (PDR) [8]. Diabetic Macular Edema (DME) may
appear in patients with Non-Proliferative Diabetic Retinopathy
(NPDR) or Proliferative Diabetic Retinopathy (PDR) [2,5] (Fig. 2). Q3

DME is one of the major causes of central vision loss in diabetes
patients [9]. Worldwide 93 and 17 million people are affected by
DR and PDR respectively. Moreover, 21 million people are affected
by DME [10]. Globally, the prevalence of DR, PDR and DME are
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