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Abstract 
Retinal disorders causing visual impairment are present with 
high incidence in current world population. Identifying the 
pathology and working on an objective diagnosis is a key task in 
order to provide an accurate treatment for patients affected by 
any ocular disease. Support given by technical solutions, such as 
state-of-the-art biomedical imaging techniques and software-
based analysis tools suppose a key factor that aids 
ophthalmologists’ daily routine. In this work, a computer-based 
tool capable of segmenting and extracting volumetric information 
from macular Optical Coherence Tomography images of patients 
presenting some types of visual impairment has been developed. 
A preliminary clinical study has been accomplished, with results 
showing an improvement in visual acuity and retinal thickness 
after vitrectomy and membrane peeling in patients with pathology 
of epiretinal membrane. 

1. Motivation 
The World Health Organization estimates that around 1.3 
billion people live with some type of visual impairment in 
the world [1]. This means that approximately 17% of the 
world's population has some type of visual impairment. 
Some pathologies that can cause blindness are age-related 
macular degeneration (AMD), cataracts, glaucoma, 
macular hole and diabetic retinopathy, among others [1]. 
Many of these pathologies affect the retina, especially the 
macula, an area of high importance at ocular level, since it 
has a high number of photoreceptors, being the area with 
the highest visual acuity or resolution [2]. Some of these 
pathologies cause significant variations in thickness, 
distribution and, therefore, volume of the retinal layers that 
compose the macular structure, as well as distortion of 
these sensitive components. Quantifying these variations 
through the image segmentation of the retinal layers in 
Optical Coherence Tomography (OCT) images before and 
after surgery may reassure the effectiveness of therapies, 
as the patient ends with a higher visual capacity due to the 
improvement of the retinal layers’ arrangement. 

The present work focuses on epiretinal membranes (ERM), 
an important type of ocular pathology that mainly affects 
the macula and is characterized by high distortion in retinal 
layers. People who suffer from ERM are subjected to 
different forms of visual impairment, such as micropsia 
(diminished visual perception of image size), macropsia 
(augmented visual perception of image size), 
metamorphopsia (visual distortion), monocular diplopia, 
among others, leading to visual acuity loss and, therefore, 
significant loss of vision [3-5]. ERM present a higher 
prevalence in elder people, especially after reaching 50 
years of age [3]. A surgical process which consists of a 

vitrectomy and peeling of the ERM can diminish the 
severity of the symptoms and improve acuity in 75% or 
more of cases [6]. A recent study demonstrated that the 
thickness and volume of the inner retina layer decreased 
significantly after vitrectomy for ERM and internal 
limiting membrane peeling. However, there was no 
significant change in thickness and volume of the outer 
retinal layers after surgery [7]. In ERM imaging, the 
segmentation process entails high complexity tasks mainly 
due to high distortion in retinal layers. Complexity also 
increases due to the high age of the affected patients, which 
conduces to a higher probability of suffering from 
cataracts, impacting on image quality, thereby making it 
challenging to obtain accurate results. Indeed, the 
segmentation and extraction of characteristics of different 
retinal components from OCT images is one of the most 
complex tasks, but at the same time the most required in 
the state of the art [8]. 

This work proposes objective distortion metrics of retinal 
layers to find evidences about the relationship between 
visual prognosis and the recovery of retinal structures after 
surgical interventions for ERM removal.  

2. Methods 
2.1. Acquiring images: TOPCON 3D OCT-2000 

The equipment used to obtain macular OCT images is the 
TOPCON 3D OCT 2000 tomograph, system, available at 
the Ophthalmology service of the University Hospital 
Infanta Leonor of Madrid. This tomograph model includes 
a high-resolution colour retinograph and incorporates 
features in terms of OCT image quality that lead to low 
speckle noise acquisitions and, therefore, better 
processable and versatile images. The OCT studies are 
exported to DICOM files with volumetric organization (3D 
stacks of 128 images each, 512 x 885 pixels per image), 
allowing the analysis of 3D images, being able to obtain 
spatial information and general study data. 

2.2. Macular OCT image processing 

The performed methodology for macular OCT image 
processing is summarized in Figure 1.  

STEP 1: The image preprocessing is one of the most 
important parts of the image processing procedure [8]. In 
the case of the present work, preprocessing consists of a 
denoising algorithm, whose objective is to reduce speckle 
noise, followed by an image flattening algorithm, whose 
aim is to align the whole macular OCT image to the retinal 
pigment epithelium layer (RPE) (one of the structures with 

231



 

greater reflectivity in an OCT retinal image), in order to 
reduce error when performing the corresponding analysis 
(Figure 2) [8]. An intrinsic consequence associated to 
denoising algorithms is the decrease of image resolution 
[8], thus, it is important to ensure the balance between the 
reduction of speckle noise and loss of quality. 

 
Figure 1. Diagram showing the sequence of tasks for macular 

OCT image processing 

STEP 2: The used segmentation process is named Caserel, 
an efficient algorithm based on graph theory and developed 
by Chiu, S.J. [9] et al. and Teng, P. [10]. The algorithm 
offers high performance in the segmentation of retinal 
layers even when they lack high quality [11]. Many 
adjustments and code adaptations had to be performed to 
correct certain errors appearing in the patients’ ERM OCT 
images segmentation. 

 
Figure 2. Individual raw scan alignment to RPE, resulting in a 

flattened image 

STEP 3: thickness and volume calculation use as input the 
graph cuts obtained from the segmentation algorithm. This 
calculation is obtained through an algorithm developed as 
part of this work and consisting of various connected 
functions that offer a reliable and validated result. For each 
retinal layer we obtain data on thicknesses (mm) and their 
standard deviation (mm); retinal layer area (mm2); and 
volume along the stack (mm3). 

2.3. Design and implementation of the tool 

Four main requirements were identified for the tool: 1) the 
health professionals should be able to perform the analysis 
by themselves without technical support; 2) the 
segmentation could be easily modified by the experts; 3) 
the results should be stored in a repository for further 
statistical analysis; and 4) case management to retrieve 
previous patient records. A collaborative design 
methodology with an active participation of the final users 

was followed. Prior to starting the development of the 
graphical user interface (GUI), some mock-ups were 
created to show an initial design approach, as well as the 
more relevant functionalities that would be developed 
later. Some additional implemented features are: support 
for both DICOM and TIFF file formats; visualization of the 
segmented paths; possibility of cropping and resizing the 
initial image for a shorter code computing time; adaptation 
of the outputs for the subsequent calculation of volumetric 
parameters; and the export of results. 

Figure 3 show the finally designed user application. 
Volumetric results are presented both in tables (Figure 3a) 
and with a 3D visualization (Figure 3b) to visually perceive 
the spatial distribution of each structure.  

a) 

 
b) 

 
c) 

 
 Figure 3. Graphical user interface. a) Principal 
scenario; b) Segmentation visualization and edition; c) 

3D visualization of retinal layers 

The results are exported to a repository that contains data 
about the OCT study acquisition, date of volumetric 
analysis, results and further patient tracking information. 
All these results are included in a pdf report that can be 
delivered to the patient. 

The development of the application was carried out in 
MATLAB 2019a, accomplishing the graphical user 
interface (GUI) with the MATLAB App Designer 
environment. The programmatical modules were mostly 
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developed through scripts. The application is compatible 
with Microsoft Windows 7/10 on x86/x64 based systems, 
and it can be distributed to health professionals in an 
installable version that includes MATLAB Runtime, so no 
external software installation is required. The final result is 
an easy to use, stand-alone desktop application that does 
not require any MATLAB license installed. 

2.4. Technical validation and testing 

In order to validate the volumetric parameters calculation, 
we created a synthesized image with known layers defined 
by means of sinusoidal and linear mathematical functions. 
This image contains predefined pixel dimensions and layer 
distances, so areas and volumes can be theoretically 
calculated and compared with the algorithm results. Very 
small differences were found due to the inherent pixel 
discretization errors, demonstrating the reliability of the 
calculated metrics. 

A complete check of the tool performance in different 
terminals is performed. The application tests carried out on 
a computer with an Intel Core i7 @ 2.2 GHz / 4.1 GHz 
processor, 16 GB DDR4 RAM, NVIDIA GeForce GTX 
1050 4 GB DDR5 GPU and 512 GB storage NVMe M.2 
SSD yield figures of 28.61 seconds for the average 
segmentation time and 13.9 seconds for the average export 
time, as Figure 4 shows. Thus, low execution times are 
encountered within the tool.  

 
Figure 4. Execution test results of the application 

 

2.5. Design of the clinical validation study 

The research hypotheses are that thickness and volume of 
the layers located in the inner face of the retina (NFL, 
GCL-IPL, INL) are greatly reduced after the surgical 
process applied to patients with ERM, being mainly 
notable after a certain recovery time; and that the visual 
prognosis is directly correlated with volume changes. 

A cohort of patients with epiretinal membrane pathology 
and prescribed with a surgery for vitrectomy and ERM 
peeling is considered. Patients are recruited at the 
University Hospital Infanta Leonor of Madrid. Variations 
in the thickness and volume, and changes in the 
arrangement of the different retinal layers before and after 
a surgical process are studied.  

A group of patients without retinopathies is taken as a 
control group, in order to evaluate the layers of the retina 
in healthy cases. 

Visual acuity (VA); degree of metamorphopsia; presence 
of secondary pathologies and retinal OCT images, are 

collected both preoperative and postoperative. The degree 
of metamorphopsia is measured using M-CHARTS [12]. 

3. Results 
In this section we present the preliminary results of the 
clinical study. At the time of the preparation of this 
communication, 23 patients were recruited, 16 suffered 
from ERM and underwent the surgical procedure of 
vitrectomy and peeling of the membrane, whilst the other 
7 were healthy. From the ERM patients, some data about 
visual acuity, their degree of metamorphopsia, secondary 
pathologies and retinal OCT images, both preoperative and 
postoperative, were collected. Postoperative images were 
taken one or two months after surgery. Of the 16 patients 
with ERM, 5 of them were dismissed, owing to image 
focusing issues, finally considering a set of 18 patients, of 
which 11 are affected by ERM.  

The characteristics of participant groups is shown in Figure 
5. The average age of the 11 patients with ERM is 67.4 
years, the median is 71 years and the maximum and 
minimum age of the group is 80 and 41 years, respectively. 
Five of the ERM patients are women and six are men. A 
greater diversity of ages in men can be denoted. However, 
the median age for each subset is 71 years for both men and 
women. As for the average, there is an age of 65.3 years 
for men and 69.8 for women. Among the 7 healthy 
participants of the study, the average age is located at 48.5 
years, and the median is 41.5 years. The maximum and 
minimum age of this subset is 79 and 22 years, 
respectively. Five of them are women and two are men.  

 
Figure 5. Distribution of study participants 

The average age by sex is 60 years for women and 25.5 
years for men. The median for each healthy gender group 
is 65.5 years for women and 25.5 years for men. Among 
the 18 OCT studies finally considered, 10 of them refer to 
the left eye (L), whilst the other 8 refer to the right eye (R). 

Results suggest that retinal thickness, and therefore its 
volume, was diminished after the ERM peeling, getting 
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closer to healthy patients’ values (see  Figure 6). Retinal 
volume differences can also be observed.  

Visual acuity increased after surgery and its progression 
shows a general improvement in all cases but one, where 
VA remained constant (see Figure 7). Horizontal 
metamorphopsia (H) values (Figure 8) during the patient 
tracking show a significant decrease, contributing to an 
important visual function recovery. 

 

 Figure 6. Retinal layers' volume progression 

 
Figure 7. Visual acuity and progression 

 
Figure 8. Horizontal metamorphopsia evolution 

4. Conclusions 
A computer-based tool capable of segmenting and 
extracting volumetric information from OCT images has 
been designed and evaluated. A preliminary clinical study 
has been accomplished, with results showing an 
improvement in visual acuity and retinal thickness after 
vitrectomy and membrane peeling in patients with 
pathology of epiretinal membrane. 
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