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Abstract— Optical coherence tomography (OCT) is the most 

accurate modality for noninvasive assessment of vitreoretinal 

interface (VRI). The scientific objective of research presented in 

this paper was to develop a new OCT-based method for 

investigation of vitreomacular interface pathologies in human 

eyes. We propose a new approach for the automatic generation of 

virtual maps representing the distance between the posterior 

surface of the hyaloid (PSH) and the inner limiting membrane 

(ILM) in the vitreomacular traction (VMT) pathology. 

Volumetric data was acquired from 3 adult patients with VMT. 

OCT B-scans were processed frame-by-frame and refined by 

advanced digital imaging algorithms, including application of the 

graph analysis approach, that allow for plausible segmentation of 

epiretinal pathologies and retinal surface. We are able to 

precisely segment and quantify VMTs in all subjects. The 

resulting virtual maps show a potential to evolve into a new 
useful tool for eye doctors that can support clinical decisions. 
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I.  INTRODUCTION 

Actually various non-invasive methods of eye observation 
are gaining significance in both medicine and biometry [1, 2, 3, 
4]. Among them optical coherence tomography (OCT) has 
proved to be the most important non-invasive technique for 
tissue cross-section imaging using the light scattered on 
individual layers of the examined tissue [5]. Indeed, recently 
our understanding of various retinal disorders has been 
transformed with the OCT [6, 7, 8, 9]. Taking this into account, 
in this paper we propose a new OCT based approach to 
visualize vitreomacular interface pathologies. 

Visual acuity deterioration, metamorphopsia and 
impairment of central vision are typical symptoms of a variety 
of diseases that affect the macula in humans. Several of them 
(vitreomacular traction, epiretinal membrane, lamellar macular 
hole, pseudohole, full-thickness macular hole) are associated 
with anomalous changes in vitreous, vitreoretinal interface and 
retinal architecture. 

The vitreous body is the largest structure within the human 
eye. It is attached to the structures of the inner eye including 
the innermost layer of the retina i.e. internal limiting membrane 
(ILM). The vitreous body is contained within a cortex 

composed of dense collagen matrix. As the eye ages, vitreous 
gel liquefaction and weakening of vitreoretinal adhesion occur. 
These lead to progressive separation of the posterior vitreous 
cortex from the retina that is defined as posterior vitreous 
detachment (PVD).  

In some cases, the abnormal adhesion of the vitreous cortex 
to the ILM is present (Fig. 1.) that can induce several serious 
pathologic events. Vitreomacular traction is one of them. Here 
posterior vitreous with adhesion to the macula exerts traction 
on the retina. Persistent traction can lead to deformation of the 
fovea, cystoid foveal thickening, and disorganization of retinal 
layers. An example of optical coherence tomography B-scan of 
VMT is illustrated in Fig. 2.  

 

Figure 1.  Initial stage of PVD: perifoveal vitreous detachment – the vitreous 

remains attached to the fovea, mid-peripheral retina, and optic disk; the 
abnormal adhesion of the vitreous cortex to the ILM in the fovea is present 

 

Figure 2.  Example of OCT B-scan of a macula from a patient with VMT 

(image from the OCT database of Clinical Eye Unit, Heliodor Swiecicki 
University Hospital in Poznan) 



 

 

Segmentation of retinal layers in OCT scans has been an 
important goal of image processing applications. Currently 
available reports have presented many algorithms, based on 
different approaches to address the issue of automated retinal 
segmentation. They can be divided into several groups. Among 
them the main are: peak intensity and gradient analysis [10, 11, 
12], active contour modeling [13, 14], pattern recognition [15, 
16], graph search techniques [17, 18, 19], kernel and clustering 
methods [20, 21, 22].  

The automated segmentation of retinal layers is challenged 
by many aspects such as: multiplicative and neighborhood 
correlated noise, uneven tissue reflectivity caused by the low 
image contrast between adjacent retinal layers, vessels hypo-
reflectivity, unexpected movement of the patient’s eye that can 
be overcome by eye tracking solutions, device-dependence and 
the presence of pathology. In severe pathologies the algorithms 
fail in most cases due to heavily abnormal data samples. 
Development of a robust solution would be very beneficial, 
especially such that allows for the detection of various 
pathogenic changes in the retina and vitreoretinal interface. In 
the recent literature some approaches of computer aided 
analysis of the OCT images, aimed to automatically detect and 
assess pathological changes in the retina, can be found. 
However, these solutions are still rare and not sufficient for the 
purpose of the VRI analysis. 

The proposed automated analysis requires a novel approach 
to precisely segment and quantify vitreoretinal interface 

pathologies. It will result in a new tool for eye doctors, that can 
support their clinical decisions. 

II. OCT-BASED GENERATION OF VIRTUAL MAPS  

The proposed solution utilizes a 3D OCT cross-sections to 
generate a virtual profile map of one of vitreomacular interface 
pathologies i.e. the vitreomacular traction (VMT). All scans 
were acquired with the Copernicus HR device (OPTOPOL 
Technology, Sp. z o. o., Zawiercie, Poland) [23]). 

The acquired series of 3D OCT volumetric data from the 
patients with VMT pathology were subjected to computerized 
automatic analysis using advanced digital imaging algorithms 
including application of the graph analysis approach [19]. 

The proposed algorithm (Fig. 3) consists of the following 
steps:  

1. ILM line segmentation in every OCT B-scan 
2. Segmentation of posterior surface of the hyaloid on a 

single OCT B-scan (further designated as the PSH 
line) 

3. Calculation of distance between the segmented ILM 
line and the PSH line 

4. Vessels structure segmentation from the reconstructed 
fundus image  

5. Creation of a virtual map of the VMT profile. 

These steps, presented in Fig. 3, are discussed below in 
detail.  

 

 

Figure 3.  Overview of the proposed VMT segmentation algorithm



 

 

A. Internal limiting membrane( ILM) segmentation 

Segmentation of the ILM is based on the graph search 
theory implementation proposed in [19] and available at [24]. 
In this approach an OCT B-scan is represented as a graph of 
nodes, where each node corresponds to a B-scan pixel. A set of 
links connecting the nodes (called edges) form a path across 
the graph. To each edge a weight is assigned. These weights 
(values between 0 and 1), formed as a matrix, describe the 
distances between pixels and their intensity differences.  

A necessary step for this algorithm requires selection of the 
start and end points for the segmented layer. The easiest way to 
fulfill this requirement is to automatically initialize these points 
at the upper-left and the bottom-right corners of the image.  

The resulting segmentation of the ILM using this algorithm 
is illustrated in Fig. 4a. 

    

(a)   (b) 

Figure 4.  Example of OCT B-scan of the macula from a patient with VMT 

(a) with the detected ILM marked as a red line and (b) with the narrow region 

of interest (ROI) visible as a dark lane along the found ILM line (image from 

the OCT database of Clinical Eye Unit, Heliodor Swiecicki University 
Hospital in Poznan) 

 

1) Additional image cropping 

The described method is based on the assumption that the 
segmented layer extends across the entire width of the B-scan. 
Unfortunately, the acquired OCT images did not meet this 
requirement, thus additional cropping of the images was 
necessary. The experimentally selected regions to be discarded 
from the leftmost and rightmost image sides were set to 75 
pixels at each side. This gives 18,75 % reduction of the total 
image width for our B-scans (of 800 pixels width resolution).  

2) Determination of ROI from neighboring images 

The presented solution was sufficient for the most cases of 
the acquired OCT cross-sections. However, there were some 
occurrences of badly identified ILM boundaries. In such 
situations, due to heavily noisy signal, the produced ILM lines 
were located at the top of the image where obviously no retinal 
layer was placed. 

We proposed a solution for elimination of such fatal errors, 
consisting in taking positions into account of the previously 
found ILM lines in the neighboring images. Thus, a reduced 
region of interest (ROI) for the search of ILM line in the next 

B-scan is introduced. This allows for removal of invalid 
boundaries prior to the graph cut. The maximum possible 
vertical distance between the ILM lines in subsequent B-scans 
was empirically determined as 20 pixels in each vertical side. 
The in this way defined ROI is indicated in Fig. 4b. 

B. Posterior surface of the hyaloid (PSH) segmentation 

The segmentation of the posterior surface of the vitreous is 
done similarly to the previously described step and also uses 
the same graph search approach. However, for this structure a 
simplification of the search can be made due to the nature of 
the VMT pathology, i.e., that the posterior surface of the 
hyaloid is always above the already defined ILM surface on the 
OCT cross-section. Thus, a limitation of the graph weights to 
the valid search space can be made. An example of the 
correctly defined PSH line is illustrated in Fig. 5. 

 

Figure 5.  Example of correctly defined ILM and PSH surfaces on a single 

OCT B-scan (ILM and PSH lines) with annotation of the vertical distance 

between them (image from the OCT database of Clinical Eye Unit, Heliodor 
Swiecicki University Hospital in Poznan) 

C. Calculation of distance vectors between ILM and PSH 

For each acquired OCT B-scan vertical distances (depths) 
between the vitreous and the surface of retina (i.e., between the 
ILM and PSH lines) are calculated (Figs. 3 and 5). This results 
in vectors of 650 depths for each OCT B-scan (original B-scans 
are 800 pixels wide, but they are cropped by 75 pixels from 
both the left and the right hand side, as already explained). The 
obtained n distance vectors (for typically n = 100 B-scans) are 
further merged among all B-scans and analyzed for the purpose 
of finding the relevant adhesion areas (Section II.E). 

D. Fundus vessels segmentation 

As mentioned earlier, the proposed imaging method takes 
into account both the thickness map and the fundus image 
based on the OCT B-scans. The most important elements of the 
fundus image are the properly segmented blood vessels. The 
vessel segmentation process was performed using the 
unsupervised learning method [25].  

The Copernicus HR device gives a possibility to obtain the 
so-called reconstructed fundus image, which is an image 
created from a series of n = 100 B-scans. Vertical resolution of 
the directly reconstructed fundus image i.e., 800×100 pixels is 
quite low (as shown in Fig. 6a). Thus the finally reconstructed 
square 8 mm×8 mm fundus image has to be interpolated to the 
800×800 resolution, e.g. with the use of the bicubic method 
(Fig. 6b).  



 

 

Although a quality of such fundus image is still rather low, 
the main vessels can be successfully detected. Fig. 7 shows the 
results of such segmentation with the use of the multi-scale 
technique [26]. 

 

 

(a) 

 

(b) 

Figure 6.  Example of reconstruction of fundus image from a series of OCT 

scans for a healty patient: (a) acquired image, (b) reconstructed fundus (image 

from the OCT database of Clinical Eye Unit, Heliodor Swiecicki University 
Hospital in Poznan) 

 

 

 

Figure 7.  Example of vessels structure segmented from the reconstructed 

fundus image  

E. Virtual map generation 

The distances derived in Section II.C, merged for all n = 
100 distance vectors are next visualized as a color depth map. 
The width, height, and depth of the resulting 3D data structure 
are described in [mm] for the width and height and in [µm] for 
the depth. This provides a clinician a very valuable information 
regarding the stage of posterior vitreous detachment in the 
examined region. 

The final virtual map representing the distance profile for 
the VMT pathology in the region of macula is further 
illustrated in relation to the segmented structure of blood 
vessels from the reconstructed fundus image. Such virtual 
maps are presented in Figs. 8–10. 

III. EXPERIMENTS 

The Copernicus HR device uses the spectral domain optical 
coherence tomography to obtain 3-dimensional cross-section 
images of the retina and vitreoretinal interface, and offers 
several scanning programs, 4–10 mm scan width and 2 mm 
scan depth.  

During the experiment a volume of 100 OCT B-scans 
(cross-sections) was acquired from each patient. Each scan 
consisted of 800 A-scans, whereas each A-scan consisted of 
1010 points. This resulted in a set of 100×800×1010 volume 
points representing the tissue structure of 8×8×2 mm in the 
central macula. Each OCT B-scan was then subjected to the 
analysis with the described algorithm.  

Implementation of the described algorithm was carried out 
using the Matlab environment. The average computation time 
of the ILM and PSH lines segmentation were 0.44 s and 0.58 s 
per image, respectively. The experiment was conducted on a 
64-bit PC workstation with Windows OS, Intel i7 processor at 
2.70 GHz, and 4 GB RAM. 

A. Database 

Patients were recruited by the team of participating 
physicians from the Clinical Eye Unit, Heliodor Swiecicki 
University Hospital in Poznan. The research was approved by 
the Bioethical Committee of Poznan University of Medical 
Sciences and all participants signed an informed consent 
document before enrollment. The study included a group of 
patients diagnosed with a VMT pathology. There were no 
inclusion/exclusion criteria based on sex and age. Each patient 
was subjected to the standard eye examination (assessment of 
best corrected visual acuity, anterior segment and dilated 
fundus slit-lamp examination) and standard OCT examination 
of the macula. All tests were non-invasive and were routine 
procedures for these types of diseases. 

Volumetric data was acquired from 3 adults (one female 
and two males). Average age in the group was 69 years 
(ranging from 64 to 76).  

B. Results 

The resulting virtual VMT profile maps for the tested subjects 
are shown in Figs. 8–10. They are composed of 100 vertical 
lines (each of 325 points) corresponding to the acquired B-
scans. The colors of the image pixels represent the distances 
between the ILM and PSH lines at each point (in the so-called 
temperature scale). Scales on the right hand sides of these 
Figures show respective ranges for each color in [µm]. For 
example, the blue color suggests that the distance between ILM 



 

 

and PSH layers is small (about 100 µm), while red color 
describes larger distance suggesting advanced detachment of 
the hyaloid. 

As it can be observed, horizontal lines forming the VMT 
profile maps have artifacts and give an impression of some 
irregularity in the tissue structure. This is an illusion caused by 
somehow improper image segmentation. This phenomenon 
resulted from too low image quality and too noisy signal. In 
result, the graph-based algorithm could produce too smooth 
borders between each layer. This is incorrect in the case of the 
studied pathologies (as it can be noticed in Fig. 2). 

 

 

Figure 8.  Virtual VMT profile map with respect to the vessels structure for 

patient GG (original image from the database of Clinical Eye Unit, Heliodor 
Swiecicki University Hospital in Poznan) 

 

 

Figure 9.  Virtual VMT profile map with respect to the vessels structure for 

patient HZ (original image from the database of Clinical Eye Unit, Heliodor 

Swiecicki University Hospital in Poznan) 

 

Figure 10.  Virtual VMT profile map with respect to the vessels structure for 

the patient PZ (original image from the database of Clinical Eye Unit, 
Heliodor Swiecicki University Hospital in Poznan) 

 

IV. CONCLUSIONS 

In this paper we have described a novel automated method 
of presenting profile of epiretinal abnormalities in relation to 
retinal surface (virtual maps of the fundus). This method relies 
on active contour modeling, pattern recognition, and graph 
search techniques. Our experiments suggest that the method is 
quite robust and can detect vitreoretinal interface pathologies 
properly (based on visual analysis of segmented B-scans). 
Nevertheless our observation is that resulting virtual maps 
showed some irregular vertical edges (Fig. 9.). This 
phenomenon is thought to be produced by some instability of 
the segmented layers among B-scans. This issue has to be 
addressed in our future studies. Current relatively low 
resolution of the final virtual maps can be improved by 
merging results of consecutive vertical and horizontal OCT 
examinations.  

So far there are only spare studies on quantitative analysis 
of epiretinal pathologies. Kim et al. [27] aimed to quantify the 
displacement of macular capillaries using infrared fundus 
photographs and image processing software (ImageJ). Similar 
studies, which indirectly assumed retinal surface changes by 
measuring displacement of large retinal vessels, were carried 
out by other groups on conventional fundus photographs [28, 
29]. Their studies have fundamental shortcomings, since their 
indirect approach results in low precision of quantification.  

By now very few publications have investigated epiretinal 
abnormalities and retinal surface changes with quantitative 
analysis based on automated segmentation of the OCT cross-
sections [30, 31]. 

The presented algorithm can be subjected to a series of 
OCT cross-sections acquired from any OCT device. It is 
important to notice that such a machine should also produce at 
least the reconstructed fundus image (necessary for reference 
of virtual map to the vessels structure).  

We plan to improve the described solution by the 
application of advanced gradient analysis (for the detection of 
ragged parts of ILM layer caused by the traction occurrence) 



 

 

and the correction of found ILM layer based on the tissue 
reflectivity of surrounding pixels. 

The proposed virtual maps are meant to support diagnostic 

procedures to monitor progression of the disorder and to select 

case-appropriate treatment algorithms, giving eye doctors 

potentially new understanding of the investigated problems. 

Possibly they can serve as the basis for further studies on 

predictions of anatomical success with medical or surgical 

intervention. Furthermore they can provide guidance for safe 
positioning of surgical instruments in vitrectomy surgery not 

only for VMT but also others.  
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