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Abstract— The most common and first among other disorders caused due to prolonged and untreated diabetic are retinopathy and 
maculopathy. These disorders effect the visual ability of human eye. India stands second contributing 30% population being affected by 
diabetes. This fact motivates towards the study of problem associated in this domain to design and assert the solutions through engineered 
technology. The present work is towards building a knowledgebase to understand the existing technology used in diagnosis by the 
ophthalmologist. The work acquaints with the commonly used imaging techniques, their advantages and disadvantages to support the 
future research to be carried out in right and efficient direction. The retinal diagnosis involves non-invasive procedures. The patients are 
administered with eye drops to dilate the pupil for better visualization of the internal structure of the eye. The most preferred imaging tools 
used by ophthalmologist are fundus imaging, fluorescein angiography, and optical coherence tomography. These tools are used for 
visualization of retinal pathologies such as microaneurysms, exudates (both hard and soft), hemorrhages, neovascularization, retinal 
thickness among others. Automating the diagnosis process aids the ophthalmologist in accurate and timely diagnosis as India suffers a 
drastic mismatch in the ratio of ophthalmologist to the population (1: 1,00,000).   

Index Terms— Diabetic Retinopathy, Color Fundus Photography, Fluorescein Angiography, Optical Coherence Tomography, Diabetic 
Macular Edema 

——————————      —————————— 

1 INTRODUCTION                                                                     
One of the primary causes of eye disorder leading to blindness 
is diabetes. World Health Organization reports the required 
ratio of ophthalmologist to the population as 1 per 20,000 in 
the world and in particular, for India, there is an estimated 
9,000 to 10,000 ophthalmologists that presents a ratio of 
1:100,000 populations, which is a serious shortage of manpow-
er in this sector. The pervasiveness of Diabetic Retinopathy 
(DR) is 56% and Diabetic Macular Edema (DME) is 42% in 
Type 1 diabetes and 30.3% and 53% in Type 2 diabetes subjects 
according to the UK National diabetic retinopathy screening 
service [1].  So, to facilitate the tele-medicine concepts and to 
aid Ophthalmologists for treating the patients with less man-
power and time-consuming procedures there is a need to use 
images for grading DME. Analysis of retinal images helps in 
screening, evaluation, diagnosis, and treatment of diabetic 
retinopathy and maculopathy.  
 
Microaneurysms (MA), hard exudates (HEx), cotton wool 
spots (CWS), retinal thickness (RT) and hemorrhages (HE) are 
the characteristic features of DR and DME. MAs are red spots 
on the retina's surface caused by injury to the retinal blood 
vessels [2], [3]. Microaneurysms are tiny enlargements of ca-
pillary walls that can leak fluid, causing intraretinal edema 
and haemorrhages. Hemorrhages do not have proper clearly 
distinguishable specific sharp edges. HEx and CWS are the fat 
deposits and HEs are the serious damage to blood vessels [4]. 
Exudates can be seen from initial stages of diabetic retinopa-
thy to advanced stage of maculopathy. Hence exudates are an 
important feature to consider for diagnosis of retinal disord-
ers. The retinal thickness is caused due to liquid accumulation 
between the layers. The extent of presence and distribution of 
these pathologies in the human eye are the parameters to 
grade the disorders as DR or DME. 
 

1.1 Diabetic Retinopathy 
Diabetic Retinopathy (DR) is the early stage of disorder cha-
racterized by MA, Hard exudates and soft exudates. Diabetic 
retinopathy is classified as Non-proliferative and Proliferative 
as shown in Figure 1 and the images relevant to DR classifica-
tion is shown in figure 2. At NPDR stage the blood vessels in 
the retina are weakened and various pathologies are observed 
in lower count.    In PDR abnormal blood vessels growth 
called as Neovascularization are observed.  These pathologies 
are found scattered all over the retina and are less in numbers 
in NPDR and gradually increases in PDR [5]. 
 

 Figure 1: Classification of Diabetic Retinopathy 
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Figure 2: Sample fundus images with various levels of Di-
abetic Retinopathy 

 
1.2 Diabetic Maculopathy  
Diabetic maculopathy affects the macula, causing central vi-
sion loss and is a potential cause of legal blindness in people 
with type 2 diabetes [6]. The retinal thickness, retinal mor-
phology, macular traction, larger hard exudates and foveal 
photoreceptor status can be some of the parameters or the 
findings that can be considered to classify the DME [7]. Based 
on the severity of macular edema, the DME can be classified as 
Clinically Significant Macular Edema (CSME), Mild DME, 
Moderate DME and Severe DME (Figure 3). 
CSME is defined by the presence of hard exudates in the mid-
dle of the retina within 500 μm of the fovea's centre and retinal 
thickening in at least one disc area within 1500 μm of the fo-
vea's centre. DME can also be classified as mild (retinal thick-
ening or HEx between1500 and 3000 μm from the foveal cen-
ter), moderate (retinal thickening or HEx between 500 and 
1500 from the foveal center approaching the center of the ma-

cula), or severe (retinal thickening or HE in the center of the 
macula within 500 μm of foveal center) [8] - [10].  
 

 
Figure 3: Classification of Diabetic Maculopathy 

 

2 IMPORTANCE OF IMAGING TECHNIQUE FOR 
GRADING DME 

Ocular imaging is crucial in the diagnosis and management of 
diabetic eye disease. The imaging techniques can be invasive 
and non-invasive. The invasive techniques extract the systemic 
features while non-invasive techniques capture deep structur-
al changes in the body parts.  Ophthalmologists and retina 
specialists are in need of obtaining accurate and highly repro-
ducible information on retinal disorders. Thus, non-invasive 
techniques like Fundus photography, fluorescence angiogra-
phy and Optical Coherence Tomography are used to detect 
and evaluate eye diseases. These techniques are more advan-
tageous for the ophthalmologists to diagnose, evaluate and 
provide early treatment with less time and effort.  In this work 
imaging techniques used in grading DR and DME are exten-
sively explored. Figure 4 depicts a few of the devices utilised 
in various imaging approaches. 
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Figure 4: Retinal Imaging Techniques 
 

2.1 Fundus Imaging Technique  
The fundus photography provides clearly evident visualiza-
tion of initial pathologies, anatomical structures like blood 
vessels, optic nerves. This does not need any specific know-
ledge to study fundus imaging. This imaging technique is cost 
effective and very helpful in the initial stages of diagnosis of 
retinopathy.  
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Figure 5: Sample fundus images with presence of different 
Lesions 

Figure 5 depicts the specifics of several lesions that can be di-
agnosed by fundus photography as well as their appearance 
[11][12]. The Microaneurysms are seen as Small circular deep-
red dots (with radius) on side walls of blood vessel found in 
the retina of eye, in the posterior pole. Hemorrhages range 
from smallest red color dot and blot, creates circinate patterns, 
and are found in all the quadrants of fundus images. Hard 
exudates are yellow patches made up of lipid and proteina-
ceous material that form in the outer layers of the retina. Soft 

Exudates are yellow-white (with indistinguishable edges) le-
sion in the superficial retina that usually occupies an area less 
than one fourth that of the optic disc [13]. 
With the above benefits fundus photography has several limi-
tations. The Cross-sectional visualization is not supported as it 
presents the information in 2D which makes it incapable to 
capture the cross-sectional details of pathologies. Additional 
methods are required to classify the structures sharing the 
common properties such as color, contrast and the intensity. 
For example, Optic Disk (OD) and hard exudates share same 
color shape and size with well-defined edges as shown in fig-
ure 6 [14]. Hence there might be increase in false positive re-
sults. Color fundus photography can be used to detect retino-
pathy, but it can't detect other ocular illnesses including glau-
coma, cataracts, macular edema, or retinal neovascularization. 
Due to imaging imperfections or low image quality, image 
interpretation can be hampered at some times.  Often, the 
cloudiness, dullness or any kind of opacity in the media will 
not provide clear/proper images and hence it can be difficult 
to get good images.  

 
Figure 6: Optical discs and Hard exudates in Fundus Images 

[25] - [27] 
 

2.2 Fluorescein Angiography 
The Fluorescein Angiography (FA) provides retinal circulation 
details that are useful in assessing retinal disorders generally 
influenced by diabetes. This technique is generally used for 
treatment planning [15].  An ophthalmologist injects a vegeta-
ble dye or sodium fluorescein into a vein in the arm or hand, 
and as the dye goes through the eye, photographs are taken at 
various stages to spot any blockages or leaking. The injection 
of sterile fluid may lead to transient nausea, vomiting, and 
allergic reactions [16]. FA can detect changes in blood flow, 
vascular permeability, retinal and choroidal vascular patterns, 
retinal pigment epithelium, and a range of other things [17]. 
The identification of the macular center, leaking vessels or 
internal blockages can be observed and detected properly by 
FA than Fundus Photography.   
The most common way to describe deviations from the typical 
FA is in terms of relative fluorescence. Hypo fluorescence is a 
decrease in fluorescence compared to what is expected, whe-
reas hyper fluorescence is an increase in or aberrant fluores-
cence.  The lesions responsible for DR and DME can be seen in 
figure 7 based on fluorescence relativeness. Microaneurysms 
are filled with contrast early during the angiogram, presenting 
itself as a fusiform hyper fluorescence dot in the shape of a 
light bulb. Dot- blot hemorrhages appear as Hypo fluorescent 
spots. Hard exudates are identified as Non focal hypo fluores-
cent areas. cotton-wool spots are elongated as compared to 
hard exudates. Increased brightness and blurring of vessels 
indicate leakage from vessel segments [18]. Diffuse hyper flu-
orescence at macular area represents Macular Edema. 
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Figure 7: FA images with presence of different Lesions 
FA are important for detecting clinically hidden Neovasculari-
zation, especially before cataract surgery and in eyes with un-
explained vision loss. The FA is useful for determining a diag-
nosis, formulating a treatment strategy, and monitoring af-
flicted blood vessels. The infusion of fluorescent dye into the 
bloodstream to highlight blood vessels in the back of the eye 
causes allergic symptoms in subjects, which is a major disad-
vantage of FA. It's possible that HEx and optical discs are mi-
sidentified in fundus pictures. The use of FA limits the visibili-
ty of deep retinal and choroidal arteries. Quantifying and clas-
sifying macular edema, evaluating outer retinal structural 
damage, and ensuring proper follow-up are all made easier 
with optical coherence tomography [19], [20].  
 

2.3 Optical Coherence Tomography (OCT) 
OCT is a noninvasive imaging technique that produces high-
resolution volumetric cross-sectional images of the retina. To 
aid in the early detection and diagnosis of retinal disorders 
and ailments, the layers within the retina can be separated and 
retinal thickness can be quantified [21]. OCT images help in 
identifying small changes in layer thickness and severity of the 
diseases can be properly diagnosed. Thus, OCT is well suited 
and recently used imaging technique to assist ophthalmologist 
in identifying retinal diseases for early detection and diagno-
sis. OCT is most beneficial in diabetic individuals for measur-
ing and quantifying macular edema.  
The spectral domain OCT (SDOCT) has considerably reduced 
acquisition time and permitted imaging at speeds approaching 
video rate. This has benefits for real-time eye tracking. The 
SDOCT can give better description of the structural changes 
and the presence of various lesions in the individual retinal 
layers. A Type-II diabetic patient can have increase in the re-
tinal thickness at the central portion of the retina which is 
called as Edema. The thickness can be observed due to the 
accumulation of the fluid which can be extracellular, intracel-
lular or a combination of both. The Retinal thickness can be 
increased mainly in the Inner Nuclear Layer (INL). Around 
79% increase in retinal thickness is shown in the INL. There 
were also increases in the Outer Nuclear Layer (ONL) and 
Inner Segment (IS) layers but in the Outer Plexiform Layer 
(OPL) retinal thickness is less frequent. Cystoid spaces can be 
seen in INL and OPL. Hyperreflective foci in the subretinal 
fluid can accompany serous retinal detachment, exacerbating 
the pathophysiology at the photoreceptor-Retinal Pigment 
Epithelium interface (RPE). The disruption of the external li-
miting membrane or the junction between the inner and outer 
segment lines represents photoreceptor injury at the fovea, 
which is associated to visual impairment. On SD-OCT pic-
tures, hyperreflective foci can also be seen in the outer retinal 
layers. 
The presence of lesions can be observed in different layers of 
retina using OCT. The structural findings, as well as multiple 
lesions with their layers, are depicted in Figure 8.   Microaneu-
rysms appear as hyperreflective rings usually located in the 
middle retinal layers. Hemorrhages are Dense, dark red, 
sharply outlined, moderately hyperreflective masses, may be 
located in the inner retinal layers.  the hemorrhages can be 
Intraretinal, Subretinal and Sub-RPE. Intraretinal Dot and blot 
hemorrhages, found within the INL and OPL of the retina. 
Deep red in color and broader in shape with diffuse margins 
subretinal hemorrhages occur between the photoreceptor 
layer and RPE. The dark red Sub-RPE Hemorrhages have 
well-defined sharp boundaries and are found between the 
RPE and the Bruch membrane [22]. HEx with accompanying 
retinal thickening appear within 500 microns of the fovea's 
center in highly hyperreflective and irregular pictures with 
posterior shadowing. Exudates accumulate at the OPL level in 
SDOCT. Foveal, Temporal, Superior, Nasal and Inferior in-
ner/outer thickness along with macular thickness can be ob-
served. 
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Figure 8: Structural Findings of Multiple Lesions with Their 

Layers 
OCT is currently the utmost essential test in the evaluation 
and therapy of DME because it can tell if the patient has cen-
ter-involving or non-center-involving DME. OCT reveals a 
variety of micro-anatomical aspects in DME, including loss of 
distinct layers of the retina, such as photoreceptors or nerve 
fiber layer, which helps to explain vision loss in those who 
don't have any other macular abnormalities [23][24]. The oph-
thalmologist may quickly see structural changes and the pres-
ence of various lesions in the separate retinal layers using an 
OCT, which aids in early diagnosis and therapy. Increased 
scan speed and three-dimensional data production are two 
advantages of OCT.  Each volumetric output using OCT can 
take as little as 6 seconds, compared to 10-30 minutes for pro-
cedures like fluorescein tomography, which only offers two-
dimensional images. OCT is safer than FA because it does not 
involve radiation, X-rays, or fluorescent injection. It is painless 
and comfortable for the patients. 

3 CONCLUSION 
The survey on research focuses on the several imaging modali-
ties that are used to grade Diabetic Macular Edema. The three 
procedures, fundus, fluorescein angiography, and Optical Co-
herence Tomography, are discussed, along with a comparison 
of their results. The presence of retinopathy and maculopathy-

causing lesions is discussed, as well as their size, shape, color, 
location, and appearance. Fundus photography is used to di-
agnose retinopathy, while FA measures microvascular altera-
tions, focal leakage, and neovascularization. Clinical distinc-
tions between microaneurysms and hemorrhages, hard ex-
udates, and optical discs are difficult to distinguish using fun-
dus and FA imaging techniques since these diseases have sim-
ilar color, shape, and intensity. Fundus and FA do not support 
structural, cross-sectional, or retinal layer thickness measure-
ments. As a result, OCT is the most widely accepted tool for 
ophthalmologists to observe any structural changes. The dis-
tinct layers of the retina may be easily identified for thickness 
and lesion diagnosis. This is the most effective method for 
further classifying DME based on severity levels.  

 

REFERENCES 
[1] E Zander, S Herfurth, B Bohl, P Heinke, U Herrmann, K D Kohnert, W 

Kerner Maculopathy in patients with diabetes mellitus type 1 and type 2: as-
sociations with risk factors,  Br J Ophthalmol . 2000 Aug;84(8):871-6.  doi: 
0.1136/bjo.84.8.871.  

[2] Telehealth practice recommendations for diabetic retinopathy, American 
telemedicine association, ocular telehealth special interest group, and the na-
tional institute of standards and technology working group, telemedicine 
journal and e-health volume 10, number 4, 2004 

[3] Williams Textbook of Endocrinology (Twelfth Edition), 2011, Science Direct 
[4] Habib MM, Welikala RA, Hoppe A, Owen CG, Rudnicka AR, Barman 

SA,Detection of microaneurysms in retinal images using an ensemble clas-
sifier, Informatics in MedicineUnlocked (2017), doi: 
10.1016/j.imu.2017.05.006.] 

[5] Cecelia Koetting, The Four Stages of Diabetic Retinopathy, June 2019, Mod-
ern Optometry 

[6] Diabetic Retinopathy Preferred Practice Pattern, American academy of oph-
thalmology, 2019, Elsevier Inc, ISSN 0161-6420/19 

[7] Thomas A. Ciulla,Armando G. Amador, and Bernard Zinman, Diabetic 
Retinopathy and Diabetic Macular Edema,  Diabetes Care 2003 Sep; 26(9): 
2653-2664. 

[8] Desislava Koleva-Georgieva, Optical Coherence Tomography Findings in 
Diabetic Macular Edema, Itech open book series, 2012, available at 
https://www.intechopen.com/chapters/29195 

[9] Gordon and Torres Soriano, Ophthalmology: Current and Future Develop-
ments, Vol. 1, Retinal Atlas,  

[10] Sameer N Patel, et al., Color Fundus Photography Versus Fluorescein Angi-
ography in Identification of the Macular Center and Zone in Retinopathy of 
Prematurity, January 2015, American Journal of Ophthalmology 159(5). DOI: 
10.1016/j.ajo.2015.01.027 

[11] Cris Martin P. Jacoba, Margalit G. Mitzner, Jerry Cavallerano, Paolo A. Silva,  
 Neelakshi Bhagat,  Marco Attilio Zarbin,  Lloyd P. Aiello, Mohamed A. El-
masry,  Diabetic Macular Edema, Eye encyclopedia, EyeWiki, American 
Academy of Opthlmology, updated in sept 18 2021 

[12] Hemorrhagic: MedlinePlus Medical Encyclopedia  
[13] Retinal Image Bank and Pattern Recognition Lab (CS5), the Department of 

Ophthalmology, Friedrich-Alexander University Erlangen-Nuremberg 
(Germany), and the Brno University of Technology, Faculty of Electrical En-
gineering and Comunnication, Department of Biomedical Engineering, Brno 
(Czech Republic) available at 
https://www5.cs.fau.de/research/data/fundus-images/ 

[14] David A. Salz and Andre J. Witkin, Imaging in Diabetic Retinopathy, Middle 
East Afr J Ophthalmol. 2015 Apr-Jun; 22(2): 145–150. 

International Journal of Scientific & Engineering Research Volume 13, Issue 11, November-2022 
ISSN 2229-5518 320

IJSER © 2022 
http://www.ijser.org

IJSER

https://pubmed.ncbi.nlm.nih.gov/?term=Zander+E&cauthor_id=10906094
https://pubmed.ncbi.nlm.nih.gov/?term=Herfurth+S&cauthor_id=10906094
https://pubmed.ncbi.nlm.nih.gov/?term=Bohl+B&cauthor_id=10906094
https://pubmed.ncbi.nlm.nih.gov/?term=Heinke+P&cauthor_id=10906094
https://pubmed.ncbi.nlm.nih.gov/?term=Herrmann+U&cauthor_id=10906094
https://pubmed.ncbi.nlm.nih.gov/?term=Kohnert+KD&cauthor_id=10906094
https://pubmed.ncbi.nlm.nih.gov/?term=Kerner+W&cauthor_id=10906094
https://pubmed.ncbi.nlm.nih.gov/?term=Kerner+W&cauthor_id=10906094
https://pubmed.ncbi.nlm.nih.gov/?term=Kerner+W&cauthor_id=10906094
https://eyewiki.aao.org/User:Cris.Jacoba
https://eyewiki.aao.org/User:Cris.Jacoba
https://eyewiki.aao.org/w/index.php?title=User:Jerry_Cavallerano&action=formedit&redlink=1
https://eyewiki.aao.org/w/index.php?title=User:Paolo_A._Silva&action=formedit&redlink=1
https://eyewiki.aao.org/User:Neelakshi.E.Bhagatne
https://eyewiki.aao.org/User:Zarbin
https://eyewiki.aao.org/w/index.php?title=User:Lloyd_P._Aiello&action=formedit&redlink=1
https://eyewiki.aao.org/w/index.php?title=User:Mohamed_A._Elmasry&action=formedit&redlink=1
https://eyewiki.aao.org/w/index.php?title=User:Mohamed_A._Elmasry&action=formedit&redlink=1
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salz%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=25949070
https://www.ncbi.nlm.nih.gov/pubmed/?term=Witkin%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=25949070
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4411609/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4411609/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4411609/


 

 

[15] Thomas A. Ciulla, Armando G Amador, and Bernard Zinman, “Diabetic 
Retinopathy and Diabetic Macular Edema”, Review article, Diabetes Care 
26:2653–2664, 2003 

[16] Ruizheng, Leiliu, Shulinzhang, Chunzheng, Filizbunyak, Ronaldxu, Binli, 
Andmingzhaisun, “Detection of exudates in fundus photographs with imba-
lanced learning using conditional generative adversarial network”, Vol. 8, 
No. 10, Oct 2018, Optical Materials Express 4863-4878 

[17] J. G. Lanham, T. Barrie, E. M. Kohner, And G. R. V. Hughes, “SLE retinopa-
thy: evaluation by fluorescein angiography”, Annals of the Rheumatic Dis-
eases, 1982, 41, 473-478 

[18] Yitian Zhao, Ian J. C. MacCormick, David G. Parry, Sophie Leach, Nicholas 
A. V. Beare, Simon P. Harding & Yalin Zheng, “Automated Detection of 
Leakage in Fluorescein Angiography Images with Application to Malarial 
Retinopathy”, Scientific Reports, 5:10425, DOI: 10.1038/srep10425, 2015 

[19] M.R.K. Mookiah et al. Computers in Biology and Medicine 66 (2015) 295–315 
[20] Dr. G.G. Rajput, Preethi N Patil, “A comparative study on optic disc localiza-

tion with application to diabetic retinopathy in fundus images”. International 
Journal of Computer Application (IJCA). NCARIT (2), pp:42-45, Feb 2014 

[21] Jay Chhablani, MD, and Aditya Sudhalkar, MD, “Fluorescein Angiography 
and Optical Coherence Tomography Correlation in Various Retinal Diseas-
es”, January/February 2014, Retina Today, 77-80 

[22] Mauricio Bastos Pereira et al., Retinal arterial macroaneurysms Abstract 
Macroaneurisma arterial retiniano, Article in eOftalmo · July 2019, Faculty of 
MedicineDepartment of Ophthalmology & Visual Sciences, The university 
of British Columbia: https://ophthalmology.med.ubc.ca/about/  

[23] Christopher Kai-shun Leung, Carol Yim-lui Cheung, Robert N. Weinreb, 
Gary Lee, Dusheng Lin, Chi Pui Pang, and Dennis S. C. Lam, “Comparison 
of Macular Thickness Measurements between Time Domain and Spectral 
Domain Optical Coherence Tomography”, Investigative Ophthalmology & 
Visual Science, November 2008, Vol. 49, No. 11, 4893-4897 

[24] Retinal Hemorrhage, Venkata M. Kanukollu; Syed Shoeb Ahmad, NCBI 
Book-shelf 

[25] https://casereports.bmj.com/content/14/6/e243994 
[26] https://www.nature.com/articles/6702877 
[27] https://www.researchgate.net/figure/Subfoveal-plaque-formation-after-

treatment-of-diabetic-macular-edema-with-massive-hard_fig2_34335463 

 

International Journal of Scientific & Engineering Research Volume 13, Issue 11, November-2022 
ISSN 2229-5518 321

IJSER © 2022 
http://www.ijser.org

IJSER


	1 Introduction
	Diabetic Retinopathy
	Diabetic Maculopathy

	2 IMPORTANCE OF IMAGING TECHNIQUE FOR GRADING DME
	2.1 Fundus Imaging Technique
	2.2 Fluorescein Angiography
	2.3 Optical Coherence Tomography (OCT)

	CONCLUSION
	References



