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ABSTRACT : To assess the severity of
macular nonperfusion using segmentation
methods combined with digitized angiography
(FA) in retinal diseases. Seventy five patients
were included (55 retinal diseases, 20
controls). Macular nonperfusion area were
detected on early frame of FA. Patients with

vascular diseases had significant decrease of
capillary density compared with healthy
controls. During follow-up, a reduction of
capillary density was ascertained although
visual acuity was unchanged. These procedures
are accurate to assess the severity of macular
nonperfusion of patients with visual
impairment and macular ischemia.

The foveal avascular zone was detected after additionnal

convolution by a filter (3 x 3 kernel) allowing closure of
the inner perifoveal capillary network.
RESULTS
Preliminary study was to define the accuracy and

reliability of FAZ measurement compared with manual
mapping. Size and location errors were particularly low.
The size error range from l.2%o to 10.IVo with a mean
value of 3.88Vo. The location error range from 5Vo to l2Vc
with a mean value of 7 .8Vo (Figure 1).

INTRODUCTION:
Image-processing techniques combined with
digitized fluorescein angiography (FA) have emerged
allowing automated or semi-automated assessement of

fundus structures, especially

in the evaluation of

glaucoma, diabetic retinopathy and retinal blood flow.
In case of diabetic retinopathy or retinal venous
occlusion, the classification, the prognosis and the
therapeutic guidelines of maculopathy depend on the
severity of macular non perfusion. In this study, image
processing methods combined with FA were designed and
tested to quantify macular non perfusion.

MATERIAL AND METHODS :
Fifty five patients with venous occlusion or

diabetic retinopathy were included. Fluorescein

angiography was performed with a Topcon retinograph. In
case of diabetic retinopathy, the eye with the earliest

frame was included.

A pair of early fluorescein

angiographic frames taken during the first thirty seconds

was digitized for each included eye. An area of the
negative corresponding to one disk area on the retina and
centered on the fovea was digitized to a 512 x 512 matrix
of 8 bit pixels using a frame graber and a monochrome

CCD.

A logarithm

transformation of histogram was
required to enhance the contrast between capillary and
intercapillary structures and to correct the variation in
background brightness. A line enhancement filter ( 5 x 5
kernel) was applied to accentuate capillary component.
A representation of the capillary network was obtained
as a binary image from the pre-processed image. The
threshold value was defined by histogram analysis and tho

was operator independant. A capillary density was

determined to avoid measurement variability induced by
ocular movement.

Figure

I : Detection of the foveal

avascular zone

(central area) delineated by the most inner circle of the
macular capillary network. Note the enhancement of
capillaries by iterative convolutions.
At inclusion, in diabetic patients the FAZ size
and the macular non-perfusion area were enlarged
compared to healthy subjects (FAZ 2367 + 817 pixels
vs 2066 + 766 pixels, p = 0.2; MNP area : 52Vo + 6.7V0
vs 46.7Vo + 4.6Vo, p = 0.03, Wilcoxon test).
During follow-up (36 months), FAZ size and MNP
area of diabetic patients increased although visual acuity
was unchanged (p = 0.03).
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In patients with central retinal vein occlusion, the
of macular non-perfusion was determined after
resorption of retinal hemorrhages (3 months). Despite
visual improvement and reduction of macular edema,
degree

macular capillary network remained significantly reduced
in affected eyes compared to fellow eyes (42.07Vo +
5.97Vo vs 53.9Vo + 8.6IVo, p = 0.005, Wilcoxon test).

DISCUSSION
Central retinal vein occlusion or development of
diabetic retinopathy (first cause of legal blindness in our

countries) is, at least in part, due to progression of
capillary closure and decrease of capillary perfusion.
Accurate and reproducible morphological data of the
perifoveal capillary network were obtained by this
designed processing. Using the line enhanced image, a
single value was determined on histogram analysis
avoiding operator biais. This processing do not include
image magnification and could be directly insert in
digitized angiographic device.
In this study, patients with diabetic retinopathy
or retinal vein occlusion showed a significant extension of
intercapillary area compared with controls or unaffected
eyes. Moreover, a progressive rarefaction of capillary was
demonstrated during patient follow-up by this processing
despite unchanged visual acuity. This progression was not
neccessary ascertained by semi-quantitative classification
of macular ischemia .
In agreement with other authors, a significant increase
in the FAZ size was observed in diabetic patients
compared with healthy matched controls |,2,31.
In corlclusion, this segmentation method precise
the severity of capillary rarefaction at the early stages of
diabetic retinopathy or in central retinal vein occlusion.

This method should provide a reliable index of non
perfusion during patient follow-up and should assess the
response to treatment.
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