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3D segmentation of the retinal vessels and improve the retinal
vasculature imaging.

Methods: A multifaceted process for the 3D segmentation of retinal
blood vessels in optical coherence tomography slices of fundus
ophthalmic images with the help of scanning laser ophthalmoscopy
was devised. The proposed algorithm has two distinct clauses,
which include 2D and 3D segmentation of the retinal blood vessels
based on the calculation of the 2D features of the blood vessels.
Results: Our method for three-dimensional segmentation of
Ophthalmoscopy retinal vessels in optical coherence tomography images with the
help of scanning laser ophthalmoscopy imaging achieved a better
reconstruction of retinal vessels in optical coherence tomography
image.

Conclussion: Our method was able to improve the imaging of
retinal vesels. Further studies in the field of retinal imaging are
recommended to achieve better imaging of retinal vesels.
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Introduction

Medical image processing has long been one
of the areas of activity for medical engineers.
One of the medical imaging modalities is
optical coherence tomography (OCT) '. This
type of imaging is used to examine the human
retina. One of the main parts in the image
obtained using OCT is the blood vessels
in the retina, which include arteries, veins,
and capillaries. The illustration of these
blood vessels is of great importance in the
differential diagnosis of many retinal diseases.
For examole it is used in the diagnosis of
diabetic retinopathy, assessing the progression
of retinal failure, narrowing of the arteries, and
diagnosing the vein curvature. OCT images
taken from the inner tissue of the eye also
provide information about the the location
of retinal nerve branches ?. Ophthalmologists
use OCT, and fundus images to diagnose eye
vascular diseases, and conditions that cause
deformations and thicknesses of the various
retinal layers®*. The essential processing
priority in OCT images is the segmentation
of these images into two or three dimensions °.
Although OCT technology has evolved since
1991, segmentation of data obtained in OCT
has only been discussed in recent years, and
it is considered as one of the most challenging
steps in analyzing the data 6. No segmentation
method that can be useful for all applications
has been proposed so far. The proposed
methods for segmenting OCT images are

methods applicable to A-scan, methods
applicable to B-scan, active contour-based
methods (usually in 2D models), artificial
intelligence analysis methods, and methods
based on three-dimensional graphs for
applying to 3D volumetric data in OCT ’. The
purpose of the present study was to evaluate a
new approach based on luminance changes by

combining the scanning laser ophthalmoscopy

(SLO) and OCT imaging techniques to acheive
3D segmentation of the retinal vessels and
improve the retinal vasculature imaging.

Methods

In this study, a multi-dimensional approach
for 3D segmentation of retinal blood vessels
in optical coherence tomography slices was
investigated. The proposed algorithm has two
steps: in the first step the 2D segmentation of
the blood vessels in SLO imaging is improved
by feed back information from OCT incisions
and removing the false positive around the
optic nerve. In the second step the three-
dimensional segmentation of the vessels will
be achieved based on the calculation of the
two-dimensional characteristics of the blood
vessels.

The data used in this study included one
hundred and twenty 3D OCT
and corresponding SLO images.

images

These
images were obtained using an HRA and
OCT (Heidelberg Engineering, Heidelberg,
Germany) imaging system and scanner. Data
were collected at Noor Eye Hospital, Tehran,
Iran.

SLO image preprocessing

The SLO image is very bright, so in the first
step, it is necessary to extract blood vessels
from this image. For this purpose, the method
provided by Martinez-Perez et al., ® was used,
which is based on the first-order derivative
(slope) and the
(curvature).

second-order derivative

OCT image preprocessing

In OCT images, all the arteries are located
in the retinal layers, so it is nesessary to
remove spaces before and after the retina. For
this purpose, we calculated the OCT image
columns and perfected the images by applying

Journal of Ophthalmic and Optometric Sciences. Volume 2, Number 4, Autumn 2018. 19

(€ ®SO)| This work is distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)




The Effect of Three-Dimensional Segmentation of Retinal Vessels

Zinali et al.

the threshold of the upper and lower regions °.

Vascular extraction in OCT scans

For this purpose, we selected the parts related to
each OCT in the SLO image and specified the
areas that contained the vein, then determined
and marked these areas in the OCT images
and the retinal pigment epithelium (RPE) and
outer nuclear layer (ONL) layers '°.

Vascular reconstruction in OCT images

Three-dimensional images of vascular

S DR ¥

distribution in the retina was created by the
volumetric display of marked OCT images
and their threshold '

Results

Results of preprocessing of SLO images using
the method provided by Martinez-Perez for
retinal artery extraction are shown in figure 1.
Results of OCT image preprocessing are
shown in figure 2 and 3.

Results of vascular extraction in OCT scans

are shown in figure 4.

Figure 1: Preprocessing.'of SLO images by extraction of retinal arteries using the

Martinez-Perez SLO image preprocessing method

Py R yr P~

Figure 2: Two examples of OCT image preprocessing with initial and final parts
modified
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Figure 3: Volume extracted retina after preprocessing of OCT images
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Figure 4: To perform vascular extraction in OCT scans we specified the vessels in the

OCT images based on the location of the vessels in the SLO images

Results of vascular reconstruction from OCT
images are shown in figures 5 and 6.

Discussion

Image processing and analysis can be defined
as a functional and technical structure for
capturing, correcting, enlarging, and reshaping
images '2. The purpose of this operation is to
increase the relative quality of the information
that will be extracted later. Today, significant
progress have been made in the field of retinal
image processing to provide automatic systems
to diagnose retinal diseases such as diabetic

retinopathy, age-related macular degeneration,
and premature retinopathy '*. Such systems, in
addition to enabling the processing of retinal
images in large volumes and with minimal time
and cost, are free from the fatigue and other
weaknesses that a clinician may experience.

A main parts of the retina are the blood vessels
including arteries, veins, and capillaries '*.
Identifying large arteries in retinal images is
relatively easy due to the high contrast to the
background, but identifying smaller arteries
is much more difficult due to the profound
difference and top rotations '°. Some of the
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Figure 6: Reconstructed vessels in OCT and its comparisson with the distribution of

vessels in SLO image

reported clinical goals for better imaging of
retinal arteries include diagnosing of diabetic
retinal failure and its progression, detecting
macular degeneration, and narrowing of
arteries '°. Retinal blood vessels imaging is also
used to discover high-pressure retinal failure,
cardiovascular disease, and in computer-
assisted laser surgery '°. Another indirect
applications for retinal segmentation include
the automatic production of retinal maps to
treat age-related macular degeneration .

In the present study we evaluated a new

approach based on Iluminance changes
by combining the SLO and OCT imaging
techniques to acheive 3D segmentation of
the retinal vessels and improve the retinal
vasculature imaging with acceptable outcomes.
This method achieved a better reconstruction
of retinal vessels in OCT image with help

from the SLO data.

Conclusion

Our method for three-dimensional

segmentation of retinal wvessels in OCT
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images with the help of SLO imaging was
able to improve the imaging of retinal vesels.
Further studies in the field of retinal imaging
are recommended to achieve better imaging of
retinal vesels.
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