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ABSTRACT

Retinal vascular vessels have the role to inditteeaetinal diseases and for systematic diseasen tiiere
are any abnormalities in retinal vascular pattéricharacteristic of the vascular pattern that ipraepiated
by clinicians is vascular tortuosity, i.e., howwed or kinked a blood vessel, either vein or artappears
along its course. In this study we suggest a nmask filter to track the blood vessel along itsrseuand
measuring the blood vessels tortuosity over theeshtiman retinal vessel network in fundus eye iendxy
using the arc to chord ratio. The suggested alyortested with straight and curve hand drawingsliaed
gives high accurate results.
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1. INTRODUCTION to degenerative changes of the elastic propertigbeo
blood vessel walls.

Over the last few decades with the advances of It is important to create a quantitative measure of
computer technology, important studies have beentortuosity which help to make a link between
made in computer-aided diagnosis of medical images tortuosity and vascular pathologies, especiallyhwit
improve a clinician’s confidence in the analysis of computer-aided screening. Lotmar, Freiburghaus and
retinal medical images. Investigating retinal meatlic Bracher describe the quantitative tortuosity measent
images using computer analysis methods is of bothfor the fist time and slightly extended by Brach€his
scientific and clinical importance, as understagdinme measurement includes the subdivide the tortuouseles
retinal vascular network may be helpful for impmoyi  into a group of single arcs manually. Later many
specific treatments of retinal disorders (Talu, 201 measurments have been suggested for image progessin

Tortuosity is a type of geometrical irregularityatitan ~ but it remains unclear which one is most appropriat
be defined as a measure of curvature and twiskinks common one is the distance mettifined as the ratio of
produced in the vessel course (Jaslai., 2012). Vascular  the vessel length to the chord length betweenwioesnd
tortuosity is the result of accumulation of curvatalong points. Other measures suggested are depend on
blood vessel length. The hemodynamic flow in specif curvature of the blood vessel axis and on the dnanof
vessel affected by the tortuosity of that vessel. its direction along the vessel.

Many types of diseases can be predicated by Generally the retinal blood vessels are straight or
investigation the retinal blood vessel tortusitycls as  gently curved. The blood vessel tend to be tortions
hypertensive retinopathy, atherosclerosis andsome diseases. i.e., they become dilated (duedialra
Retinopathy of Prematurity (ROP). Early detectidn o stretching of the vessel) and take on a serpemtath
those diseases can be effectively treated. Or ét®e, (due to longitudinal stretching). The tortuosity ymae
patients may become blindness ét.al., 2010). local; occurring only in a small region of retinabod

Two factors related to tortuosity, proliferation of vessels, or it may involve the entire retinal vdactree
blood vessels due to age and blood vessels beddieg (Dougherty, 2011).
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tortuosity calculation, which cause by the low dyal
image of the retinal vessel.

Dougherty et al. (2010) suggested new relation
between tortuisty ranking based on the expert pafhel
ophthalmologists and the tortusity ranking validitythe
mean tortuosity (M) and the normalized root-mean-
square tortuosity (K). The tortuosity classificaiso
process highly affected by the low prevalence’shef
diseased conditions in the general population and
() (b) precludes the use of tortuosity for screening fibrof
these conditions.

In the study of (Kumar and Madheswaran, 2010),
Figure 1 shows images with tortuous and non- suggested to determine the blood vessels thickness

tortuous blood vessels. Measuring of the blood ekess automatically. The first step in this algorithmeaftapturing

tortuisty give a good indication about the changaig the imag was to binaries and skeletonised the inwgew
some diseases with time. Consequently, there is ghe blood vesslels network which contain all tecstire of

benefit in measuring tortuosity in a Consistent, blood vessel nodes. The algorithm used the blosdel®

repeatable fashion. Given the increased availgbilit ~ segmentation and identification the bifurcations.
digitized fundus photographs, automated tortuosity  Truccoet al. (2010), suggested a method that take in
measurements are now feasible. account the vessel thickness as important factaddition
High blood flow may occur locally in arteriovenous, to the curvature which used to determine the tsityior his
anastomosis or systematically in high cardiac dutpu work supported by test it's with 200 different \&ss
such as accompanies anemia. In response to iscliemia selected by clinical from the public database.
inflammation, new blood vessels grow, often in a  Joshiet al. (2010) introduced a new one dimensional
destructive manner. Venous congestion can resuiih fr - metric (the tourtusity index) which produced frohet
the occlusion of the central retinal vein or a lefan number of Changing in the curvature Sign_ Vascular

retinal vein. The resulting elevated intravascpl@ssure  toyrtusity is determined by dividing the curve lémg
results in tortuosity and dilation in the blockediru over the cord length.

Vascular tortuosity measurements are commonly
performed by human observers using a qualitatiagesc 3. PROBLEM ISSUES
(e.g., mild, moderate, severe and extreme). Observe |
may have different grades for the same case due to
change the boundaries between observers, alschéor t
same observor will differ with time.

Fig. 1. (a) Tortuous blood vessel (b) non-tortuous bloesisel

Recentally, many researcher works with the computer
aided to determine the vessel tortuosity, but féthem
working on a fully automated system. Tracing the
2 RELATED WORKS vessels and finding the length of each branchetvaoe
major problems facing the fully automated system.
Onkaewet al. (2011) proposed automatic way to

measuring the tortuosity for retinal blood vessehich 4. METHODOLOGY
mainly depend on calculating the curvature from ) ) o
improved chain code algorithm, this process regénds We first perform binary skeletonisation for the ram

the number of inflection point. The algorithm detére ~ rétinal vessels network in fundus eye image. After
the tortuosity without needed the segmentationesisel ~ Skeletonisation the terminal and branching nodesttan
tree. This algorithm classify the blood vesselatupus ~ located and removing from the skeleton network;
or non-tortuous automaticaly. skeletonisation and removing branching nods achiéye

Onkaewet al. (2011) introduced a method of how to USing algorithms suggested in the previous pagers
measure and define tortuous scale using the meaMill produce a number of Blood Vessels SegmentsSBV
curvature. The tortuosity measurement is calculagse  Which we work on as shown Fig. 2. One of the amjor
on the radius derive from chord in each curve a&f th difficulties in tracing is tracing the vessels witligh
blood vessel. The result obtains from this methamiget  curveture, the difficulties results from the amlifguof
the standard of tortuosity grading in the retinabsel. determine the high curvature as vessel branch ssele
The advantage of this method is to reduce the émor tortuosity. Wrong tracers will produce fake tortinps
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Fig. 3. Suggested mask
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Fig. 2. (A) Blood vessel network. (B) Blood vessels network Fig. 4, Probability of blood vessel pixels matched with thask
skeleton. (C) Blood vessels network skeleton after
removing branches and nodes When the mask pass along the BVS (always the
. center of filter move to the next pixel), the otetion of
Every segment in the segmented blood vesselg)ood vessel segment pixels in regards to maskbaiths
network image is labeled by image label algorithiis  shown inFig. 4 (the movement of mask from the left to
can be accomplished by scan all the pixels inti@ge,  the right). There are nine possible orientationsBYS
the non zero pixels will be labeled as preliminkyels  ixels according to the filtelFigure 4 shows the BVS
and recording label equivalences in a union-fibléa  hivels in the gray color, while the white color ihe
The unlon-flrjd a;lg_onthm (The Union-Find algorlf[hlm mask represent the background pixel in the image (n
used for maintaining a number of non-overlappinG se piyels of BVS match with filter). (Note: when theask
from a finite universe of elements) used to resdh@  gye to the next pixel, the old pixel will be erdse
equivalence classes. Finally relabeled the pixated on
the resolved equivalence classes. Step 3: Coordinates of the first pixel and ends fore
Tortuosity is calculated for every labeled blood BVS are determined and stored
vessel segment by the following steps:
. . . . Now the mask will be move along the BVS from first
Step 1: The following mask shown Kig. 3 is created  int 16 the end point with one pixel at each staging
and suggested to used in this study to check thegach step the algorithm check the orientation 0fSBV
tortuosity for every blood vessel segment. pixels according to the mask and add either ¥@rto the
Step 2: This mask will be centered on the beginmifig  counter used to determine the BVS length (counitate
one end of each BVS (center element of the wjth zero value when the mask centered on the ffirst!
mask over the first pixel in the BVS) and pass of BVS) and the current pixel before movement &sed.
along the blood vessel until the other end of the  This is accomplished by checking the value resulted
segment, its main purpose is to determine thefrom matching the mask with BVS, this value
length of this BVS determined from the sum of multiplying each pomttie
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image by corresponding value in the mask (note: the

value of BVS equal one, while the background ofgma

equal zero in skeleton binary image). Let us as#ign
variable (D) to the value provided from this step.
The value of D will help us with two subjects:

» Firstone, its help us to determine the coordinafdise
next pixel when the mask move one step, this mainta
the movement along the BVS only, (ensure to follow
the BVS pixels and keep the next pixel on the cenfte

the filter)
According to the value of (D), the algorithm can
estimate the coordinates of the next pixel in thé&SBn —

which the mask will move to it and keeping the mask
center on it. The coordinates of the next pixel rig 5 Examples of lines with predefined lengths, usetet

corresponding to the values of D are: the suggested algorithm
e If(D=1|ID=5||D=-3)theny =y + 1, x not
change The suggested algorithm tested with many hand
+ If(D=2]||D=6)then x=x+ 1,y not change drawing (straight lines and curves) as showrkig. 5,
e If(D=-2||D=-6)thenx=x-1,ynot change which they have predefined lengths, the results weag
* If (D =0)theny=y-1, x not change accurate for both lengths determined and tracirg th
o If(D=-4)thenx=x—-landy=y+1 curve from the first end until reach the other end.
e If(D=4)thenx=x+1landy=y+1
e If(D=7)thenx=x+landy=y-1 5. CONCLUSION

If (D=-7)thenx=x-1andy=y-1

) . This paper present a fully automated tortuosity
Counting the length of _BVS can be done depe”d'ngdiagnosis system of retinal images. Our system
on the value of D, as following: suggested new mask to resolve two important issues
If(D=4||D=-4||D=7]||D=-7) then includes: (1) Identify and tracing each branch etfral
count = count ~2 oo vessels autmatcaly. 2) Measuring thesasty

= + -

Else count = count + 1 Tested of this system gives promise and highly

The variable count ultimately will be equal to taegth ~ @ccurate results.
of BVS when the mask reaches the last pixel irB¥ig.
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