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Abstract— The optical coherence tomography (OCT), a non-

invasive and noncontact diagnostic method, was introduced 

in 1995 for imaging macular diseases. In diabetic macular 

edema (DME), OCT scans show hypo reflectivity, due to 

intraretinal and/or sub retinal fluid accumulation, related to 

inner and/or outer blood–retinal barrier breakdown. OCT 

tomograms may also reveal the presence of hard exudates, as 

hyper reflective spots with a shadow, in the outer retinal 

layers, among others. In conclusion, OCT is a particularly 

valuable diagnostic tool in DME, helpful both in the 

diagnosis and follow-up procedure. 
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I. INTRODUCTION 

Optical Coherence Tomography (OCT) is a digital optical 

instrument that generates cross sectional images (tomograms) 

of the retina by optical-coherence interferometry, a procedure 

analogous to ultrasound, except for using light (a broad 

bandwidth near-infrared light beam at 840 nm) rather than 

sound, and  measures the echo delay time of light reflected 

and backscattered from the retina. This method permits non-

contact measurement of structures on a 10 micron scale, 

versus the 100-micron scale of ultrasound. The system is 

interfaced to a video-slit lamp bio microscopy that provides a 

real-time view of the fundus and of the scanning probe beam. 

Standard figures and numerical values for every parameter 

are given.  

The optical coherence tomography (OCT), a non-

invasive and noncontact diagnostic method, was introduced 

in 1995 for imaging macular diseases. In macular edema, 

Optical Coherence Tomography (OCT) scans show hypo 

reflectivity, due to intraretinal and/or sub retinal fluid 

accumulation, related to inner and/or outer blood–retinal 

barrier breakdown. Optical Coherence Tomography (OCT) 

tomograms may also reveal the presence of hard exudates, as 

hyper reflective spots with a shadow, in the outer retinal 

layers, among others. Optical Coherence Tomography (OCT) 

is a particularly valuable diagnostic tool in macular edema, 

helpful both in the diagnosis and follow-up procedure. 

Retinal edema appears when there is an increase of water in 

the retinal tissue, resulting in an increase in its thickness. This 

increase in water content of the retinal tissue may be firstly 

intracellular (cytotoxic edema) or extracellular (vasogenic 

edema). In macular edema, extracellular edema resulting 

from breakdown of the blood–retinal barrier (BRB) is 

generally present. 

II. LITERATURE SURVEY 

Diabetic edema (DME) is one of the main causes of visual 

impairment in patients with diabetic retinopathy (Williams et 

al., 2014). The common diagnostic tools for assessing 

macular edema are stereo-ophthalmoscopy and fluorescein 

angiography. Stereoscopic examination of the fundus at the 

slit-lamp or on stereoscopic colour fundus photographs is the 

standard method, as defined by the Early Treatment Diabetic 

Retinopathy Study (ETDRS), for evaluating macular 

thickening and for starting treatment when the clinical 

significant macular edema level has been reached (ETDRS 

Report Number 10, 2012). Fluorescein angiography is a 

complementary method for further detecting vascular 

leakage. These methods are subjective and seem to be 

insensitive for small changes in retinal thickness (Hee et al., 

2013; Shahidi et al., 2012). In 2012 a revolutionary device 

was introduced in ophthalmology – optical coherence 

tomography (OCT) – and it dramatically improved the 

diagnosis of macular pathology (Huang et al., 2012). OCT 

gives details about retina, retinal microstructure and measures 

retinal thickness with high precision and reproducibility 

(Diabetic Retinopathy Clinical Research Network [DRCRN], 

2011; Paunescu et al., 2014; Polito et al., 2015; Puliafito et 

al., 2013). The recently introduced spectral-domain OCT (SD 

OCT) machines have numerous improvements that enhance 

our ability to examine retinal microstructure and obtain more 

reliable measurements. Retinal edema is defined as any 

detectable retinal thickening due to fluid accumulation 

(ETDRS Report Number 10, 2012). Stereoscopic 

examination of the fundus is the standard method, as defined 

by the ETDRS, for evaluating macular thickening. However, 

it is subjective and seems to be insensitive for small changes 

in retinal thickness (Hee et al, 2013; Shahidi et al, 2012). The 

particular value of OCT is the possibility for objective, 

reliable and repeatable retinal thickness measurements. Few 

authors have viewed the possibility of OCT for early 

diagnosis of macular edema, and have suggested criteria to 

detect the so called subclinical diabetic macular edema (Hee 

et al., 2013, 2013; Massin et al., 2012). There are studies 

reporting significant differences in retinal thickness between 

controls and eyes with diabetic retinopathy (without clinically 

detectable DME) in the fovea (Sanchez-Tochino et al., 2012; 

Schaudig et al., 2010), superior and nasal quadrants 

(Schaudig et al., 2010).  

A variation was also found between healthy eyes 

and diabetics eye without diabetic retinopathy in the fovea 

(Sanchez-Tochino et al., 2012), the paramacular ring 

(Schaudig et al., 2010) and the superior zone (Sugimoto et al., 

2015). When comparing eyes of diabetics with and without 

retinopathy (and no clinical evidence of macular edema) 

Sanchez-Tochino and coauthors did not find any significant 

difference (Sanchez-Tochino et al., 2012), but Schaudig and 

associates found statistically significant difference in the 

superior nasal quadrant (Schaudig et al., 2010). 

III. PROBLEM FORMULATION 

The focus of this project is to improve the performance of the 

stereo-ophthalmoscopy and fluorescein angiography that 

classifies different tasks under consideration as specified in 

stereo-ophthalmoscopy and fluorescein angiography. These 
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methods are subjective and seem to be insensitive for small 

changes in retinal thickness. OCT gives detailed information 

about retinal microstructure and measures retinal thickness 

with high precision and reproducibility. 

IV. METHODOLOGY  

The main objective of proposed system shown is to extract 

features from provided images of retina and classify them for 

achieving the desired resultant value. The images recorded 

from the scalp often contain some ineffective elements 

produced by the artefacts. These artefacts strongly influence 

the utility of recorded images and need to be removed for 

better classification. Therefore these elements are pre-

processed and features are extracted from these images using 

several algorithms that are to be applied on. For this project, 

the goal is to develop a spatial domain optical coherence 

tomography setup as a measurement tool to acquire thickness 

and internal structures of samples. This Section will outline 

the setup that was used and the reasons each part was selected 

over other options that were available. Once the setup is fully 

described, the procedure of how images were obtained will 

be defined along with how they were processed.  

Next the validation of the accuracy of the OCT setup 

will be reviewed in detail. All of these then contribute to the 

overall process of biological sample selection and imaging. 

Working distance is defined as the distance from the end of 

the objective to the surface of the sample at which point the 

sample is in focus. Working distance is extremely important 

for OCT when imaging multiple surfaces primarily due to the 

fact that if the working distance is too small, the front of the 

objective will come into contact with the sample before 

imaging internal surfaces.  

𝑊𝐷=𝑓/(1+1/𝑀) 

 
Table 1: Key lens properties for use in OCT for each 

available lens. 

A. Methods: 

In a proposed trial, OCT scans were performed for 314 (three 

hundred fourteen) eyes of 174 (one hundred seventy four) 

diabetic patients during a period of 18 months (1st January 

2009 to 30 June 2010), in the Military Department of 

Ophthalmology of Tunis, using a time domain OCT 3 

(OTI/SLO). Inclusion criteria were: Type 1 or 2 diabetes 

mellitus, clinical evidence of diabetic retinopathy whatever 

the stage with or without clinical or angiographic evidence of 

a macular edema. Eyes with significant media opacities that 

can result in poor OCT signal were omitted (corneal opacity, 

cataract, intravitreal haemorrhage…). Other exclusion 

criteria included eyes with other pathologies that can decrease 

visual acuity such as glaucoma, ischemic maculopathy, optic 

nerve disease, retinal detachment. The motives of macular 

edema were omitted (eye retinal venous occlusion, intra-

ocular surgery, inflammation, age related macular 

degeneration, serous chorioretinopathy…). The review of 

medical records included age, gender, duration of diabetes, 

stage of diabetic retinopathy. A complete ophthalmologic 

research was performed: Best accurate visual accuracy in log 

MAR, slit lamp biomicroscopy fundus examination with a 

contact lens (Goldmann 3 mirrors lens). All eyes underwent 

at least one fluorescein angiographic evaluation of the macula 

and of the diabetic retinopathy. A time domain OCT 3 (three) 

scan was performed through a dilated pupil by the same 

examiner who was masked to any clinical, angiographic of 

functional status of the patient. In all eyes, the macula was 

scanned in horizontal and vertical meridians using the 

standard linear cross hair pattern with a scan length of 3 mm 

and/or 6 mm centred through the fovea. 

B. OCT classification of Mecular Edema: 

The first optical coherence tomography-classification of 

macular edema is based on retinal morphological Changes: 

“sponge-like swelling”, cystoid edema, and serous retinal 

detachment. Other published classifications are presented by 

several authors. We propose and use in our clinical practice a 

classification, which summarizes several quantitative and 

qualitative OCT data: retinal thickness, retinal morphology, 

retinal topography, macular traction and foveal photoreceptor 

status. It is based on published data by preceding authors and 

our clinical observations and studies.  

1) Retinal thickness: 

 No macular edema – normal macular morphology and 

thickness not reaching the criteria for subclinical macular 

edema. 

 Established macular edema – retinal thickening and 

evident morphological features of edema. 

2) Retinal morphology: 

 Simple non-cystoid macular edema – increased retinal 

thickness, reduced intraretinal reflectivity, irregularity of 

the layered structure, flattening of the foveal depression, 

without presence of cystoid spaces. 

 Cystoid macular edema – the above criteria, associated 

with presence of well-defined intraretinal cystoid spaces. 

 Serous macular detachment – any of the above, 

associated with serous macular partition (hypo-reflective 

area under the detached neurosensory retina and over the 

hyper-reflective line of the pigment epithelium). 

3) Retinal topography: 

 Non-significant macular edema. 

 Clinically significant macular edema, as defined by 

ETDRS and evaluated on the OCT retinal topography 

map. 

4) Presence and severity of macular traction (incomplete 

PVD and/or ERM): 

 No macular traction – presence of whole PVD (Weiss 

ring detected on ophthalmoscopy), or no PVD (no visible 

posterior hyaloid line on SD OCT), and no ERM. 

 Definite macular traction – incomplete PVD with 

perifoveal adhesion and/or focal ERM with detectable 

distortion of retinal contour at the points of adhesion. 

5) Retinal outer layers integrity (IS/OS and ELM): 

 IS/OS and ELM intact. 

 IS/OS and ELM with disrupted integrity. 
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V. EXPECTED RESULT  

The proposed system will be able to store the data in private 

storage with utmost privacy using the key management 

depicted. The system will also retrieve the data with 

optimized speed when needed in the time of emergency. The 

five parameters are retinal thickness, diffusion, volume, 

morphology and presence of vitreous traction. Standard 

figures and numerical values for every parameter are given. 

As in many other cases like wise macular holes and choroidal 

neovascularisation, a uniform and precise definition of 

macular edema would increase the possibility to compare and 

judge the result of different therapeutic strategies. 

A. Future developments in OCT: 

In 2010, Drexler and associates introduced Ultrahigh 

Resolution OCT. In 2011 Podoleanu and associates pioneered 

the development of a different OCT imaging approach – en 

face OCT, or scanning the coronal plane. En face OCT is 

possible with TD OCT or SD OCT, but the scanning regime 

has changed from fast scanning in the Z-axis to fast scanning 

in the XY plane. The axial resolution of en face OCT is 

similar to conventional OCT, but the transverse resolution is 

better, leading to a subjectively higher image resolution. 

Enface OCT is mixed with confocal Scanning Laser 

Ophthalmoscopy (SLO), using a single light source. The 

images in the confocal and the OCT channels are produced 

simultaneously using the same light source and are therefore 

in strict pixel-to-pixel correspondence. The SLO provides a 

high quality fundus image.  

The exact correspondence allows obtaining of an 

OCT – SLO fundus image overlay. Analyzing C-scan OCT 

images is more difficult than B-scan retinal images, but it 

offers complementary information. The enface plane is the 

plane of ophthalmoscopy, which resolve retinal pathology on 

enface C-scans and on OCT Cscan/ SLO fundus image 

overlays provides additional information about the size, 

extent and location of pathological features. OCT C-scans 

may be overlaid with other en face imaging or functional 

diagnostic methods (fluorescein angiography, ICG 

angiography, microperimetry, and multifocal 

electroretinography) thus offering a complex approach to the 

diagnostic evaluation of macular pathology. In 2012, Dubois 

and coworkers reported the development of the ultrahigh 

resolution fullfield en face OCT, which achieves 0.8 μm axial 

and 1.8 μm transverse resolution (Dubois et al., 2012). It has 

been used for ex vivo microscopic imaging of subcellular 

details of animal ocular tissues. In the recent years much 

research evolution has been done in developing adaptive 

optics to OCT machines. Conventional OCT has good axial 

resolution (5μm for SD OCT), but low transverse resolution 

(15-20 μm). It is because of the plentiful aberrations of the 

optics of the system and the eye itself. Adaptive optics 

corrects these aberrations by wavefront detection and 

modulation (van Velthoven et al., 2014).  

Functional OCT methods are also under 

development, such as polarization-sensitive OCT (combines 

OCT with tissue birefringence analysis for precise 

examination of NFL), color Doppler OCT (for supplementary 

evaluation of retinal blood flow), retinal optophysiology on 

Ultrahigh Resolution OCT scans (detects changes in the 

optical properties during a provoked action potential), 

molecular contrast OCT and nanoparticle based molecular 

contrast OCT (analyzing tissue or cell structures by use of 

specific targeted molecules or nanoparticles). 

VI. CONCLUSION 

Optical Coherence Tomography is an innovative imaging 

modality that has made important impact in the diagnostic 

evaluation of patients with Diabetic macular edema. It was a 

complementary device to stereo-ophthalmoscopy and 

fluorescein angiography, and now it has become a new 

imaging standard in retinal diagnostics. The early diagnosis 

of Diabetic macular edema, precise evaluation of the distinct 

morphologic patterns and presence of macular traction are of 

uppermost significance in determining the therapeutic 

approach and prognosis. Optical Coherence Tomography has 

proved to achieve these requirements and to ensure objective 

monitoring of treatment results.  

An advantage of using Optical Coherence 

Tomography is its quantitative assessment, rather than the 

qualitative evaluation performed with bio microscopy or 

fluorescein angiography. The importance of Optical 

Coherence Tomography in routine clinical assessment of 

macular edema will most probably continue to grow. The 

amount of information’s given by Optical Coherence 

Tomography demonstrates that macular edema is a complex 

clinical entity with various morphology and gravity, and 

disclaimed the limitations of a simple “clinic” definition. 

Identifying the structural changes in eyes with Diabetic 

macular edema using Optical Coherence Tomography may 

allow more effective management of these patients. A 

uniform and precise classification of Diabetic macular edema 

would increase the possibility to optimize our indications, to 

compare and to judge the results of different therapeutic 

strategies. 
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