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Purpose

To examine fractal-based remodeling of macular arterial vessels with
progression of diabetic retinopathy (DR).

Methods

A binary (black/white) branching pattern of arlerial vessels was exiracied
from the macular region within retinal images obtained by 50° fluorescein
angiography (FA) of eyves diagnosed with mild, moderate, or severe
nonproliferative DR (NPDR) or proliferative DR (FDR). A box of 1024 by 1024
pixets centerad al the jovea centralis was overlayed upon the macular region
al each 2392 by 2048 binary image. One representative image of each DR
stage was selecled for this praliminary study, Focusing on a region around
the macula, rather than studying the antire funduscopic image, considarably
reduces the analysis required for diagnosis. Using VESsel GENeration
Analysis (VESGEN) software, the 1024 by 1024 arterial binary pattermn was
mapped automatically o measure the density of tolal vessel length (L), as
well as the fractal dimension (0)) by a box-counting algorithm. VESGEN maps
and m""’""ﬂ{“ vascular pattern as a function of vessel brmanching
gene

50° FA

Arterial Tree

Moderate NPDR

Fluorescein Anglography

Mild NPDR Moderate NPDR
* -._.x___ # BIE::" = 7~ R
< v XY Rk
| e L — 4 i.- '.:_'_ 1o, -
Savere NPDR PDR
Ci= DG, ~ )

Figure !.-n‘rhlmnlmmmd'ﬂﬂ

1A io I7) DA progression tom mikd HPDA 0 PDA s Sasisied by he sielsionimed potoen of e oo v, as mooped
by VIESOHEN soffwanin wilti) fhe moire bow cordesnd ony Pl Knves coniaie, e descorbet m Figeee 1 VESGEN #en
whwwmm—uuwmmhmmmmmn-w

Hﬂn1 — Exiraction of Asierinl Trees rom Clinical FA Imugesulihe DR Relina,
[ e B At ek vt i 8 et feorm cprdiuakeic gramcse Imagu lxaned [y FA
LN SoTRKAIIRE SOMpUNe [Mocesmng T (B A Dol of 1004 1024 peests oot on e Avea conDnds &
prewriayea upon e ariee pofierm (2252 by 04D piusls). The B rmoderads NPCH mage: regresaniod by &
ey sl ¥1 g 2961

Results

For macular arerial vessels, angiogenesis oscillaled strongly with vascular
diopout during progression of DR. O, and L increasad from mild
NPDH (1.28 and 0.0096 per pixal, respectivaly) to moderate NPDH (1.34 and
0.0130 per pixel), decreased {rom modemate NPDR 1o ssvere NPDR (1.28
and 0.0085 per pixel), and again increased from severs NPDR to PDA (1,30
and 0.0108 per pinal). Previously, we showed by a similar fractal analysis® that
for the combined density of macular arleries and veins, D decreased with
progression from normal 1o mild NFDR.
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Conclusions
By bath fractal (0) and branching analysis, macular arerial density
oscilated with progression rom mild A to PDR. Resudls are consistant

with our study reported recently for the entive arleral and venous branching
trees within 50° FAs by VESGEN generational branching analysis.' Current
and previous results are important for advances in early-stage regenerative
DR therapies, for which reversal of DR progression 1o a nomal vessel
densily may be possible. For example, potential use of regenerative
angiogenesis stimulators to reverse vascular dropout during mild and severe
NPDH is not indicated for reatmeant of modarate NPDR.
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