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Abstract

ABSTRACT

Retinal nerve fiber layer is the innermost layer of the retina, it is formed of
the axons of ganglion cells. Attrition of nerve fibers in the anterior visual
pathways is reflected directly in the nerve fiber layer of the retina. These
retrograde degenerative changes are subtle but they can be seen with an
ophthalmoscope and can be photographed with a fundus camera. So, the
importance of the new objective quantitative technologies for RNFL assessment
which are the optical coherence tomography, the confocal scanning laser
ophthalmoscopy, the scanning laser polarimetry and the retinal thickness
analyzer had been proved. Glaucoma is a multi-factorial optic neuropathy
characterized by irreversible progressive loss of the retinal ganglion cells (RGCs)
and thinning of the retinal nerve fiber layer (RNFL), leading to visual field loss
and eventually, total loss of vision. 40% to 50% of the RNFL could be lost before
visual field defects are detected by conventional perimetry. Thus, RNFL
assessment had emerged as an important parameter for pre-perimetric diagnosis
of glaucoma. Diabetic retinopathy (DR) is the fifth most common cause of
blindness worldwide. In addition to typical retinopathies, neuro-visual
impairments had been reported. Focal retinal nerve fiber layer loss in diabetic
patients with preclinical DR was detected. In vitro studies had demonstrated that
diabetes affects both retinal neurons and glial cells. Panretinal photocoagulation
causes a sequential decrease in the peripapillary retinal nerve fiber layer (RNFL)
thickness. On the other hand, some diseases had been thought to change RNFL,
but studies had proved the opposite and that aided in the true understanding of
these pathologies as in amblyopia in which RNFL assessment was insignificant.

Keywords:
Retinal nerve
Fiber layer assessment
Ophthalmology
Diabetic retinopathy
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Introduction

INTRODUCTION

Retinal nerve fiber layer (RNFL) assessment had proved to be
an important clue to many ophthalmological disorders, especially after
the recent developments in computer- based imaging technologies,
besides the clinical examination, which provided a means of obtaining
quantitative measurements of retinal nerve fiber layer thickness
(Blumenthal et al., 2001).

Glaucoma is a multi-factorial optic neuropathy characterized by
progressive loss of retinal ganglion cells and their nerve fibers, which
leads to characteristic loss of visual function. Although the exact
cause for RNFL damage is not known, major risk factors for glaucoma
had been identified, including intraocular pressure, heredity, and
possibly vascular dysfunction. Humans have a large reserve of retinal
nerve fibers, and redundancy in the system may prevent detection of
early functional damage. It had been estimated that up to 50% of
fibers may be lost before a visual field defect is detectable with whit
on white perimetry. Furthermore, intraocular pressure and cup to disc
ratio may not be sensitive or specific enough as indicators for the
presence of glaucomatous optic neuropathy. Many people with large
cup to disc ratio do not have glaucoma (physiologic cupping)
(Sommer et al., 1991).

Visual field testing may miss defects especially early in the
disease (now called pre-perimetric glaucoma). It makes sense
therefore, to evaluate the RNFL for the diagnosis and follow up of
glaucomatous disease, at least prior to the development of
characteristic visual field loss. In the near future, perhaps we will
characterize glaucoma by the technology used to detect RNFL
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damage. We may have terms such as topographic, interferometric or
polarimetric glaucoma (Sommer et al., 1991).

A number of techniques are available for evaluation of the
RNFL. These include red-free ophthalmoscopy and photography,
retinal thickness analyzer, optical coherence tomography, confocal
scanning laser ophthalmoscopy and scanning laser polarimetry
(Blumenthal et al., 2001).

The effect of diabetic retinopathy and degree of blood glucose
regulation on RNFL thickness can be assessed using scanning laser
polarimetry. RNFL thickness was seen to decrease with development
of diabetic retinopathy. This issue should be taken into account while
assessing RNFL in diabetic glaucomatous patients (Chihara et al.,
1993).

Axonal loss was detected not only in multiple sclerosis with a
previous attack of optic neuritis, but also in MS eyes with no previous
episode of optic neuritis (Henderson et al., 2007).

Patients with retinitis pigmentosa and other retinal dystrophies
have abnormal thinning of RNFL (Walia et al., 2007).
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CHAPTER ONE

ANATOMY OF THE RETINAL
NERVE FIBER LAYER

The retina is a complex, layered structure with several layers of

neurons interconnected by synapses. The retina has ten distinct layers
(Fig. 1). They include from innermost to outermost (Radius and

Anderson, 1979):
1.

9.

. Nerve fiber layer - Essentially the

. Ganglion cell layer - Layer that |

. Inner nuclear layer contains

. Outer plexiform layer - In the

Inner limiting

Inner limiting membrane - Mdller membrane
. L Axons
cell footplates “
— Miiller cell

Ganglion cell

axons of the ganglion cell nuclei.
. . . , Amacrine cell
contains nuclei of ganglion cells
and gives rise to optic nerve fibers.
Inner plexiform layer

Bipolar cell

Horizontal cell

bipolar cells.

macular region, this is known as
the Fiber layer of Henle.
Outer nuclear layer

. External limiting membrane - | .

Layer that separates the inner

segment  portions of the Fig (1): A diagram showing the ten

photoreceptors from their cell layers of the retina from innermost to
outermost (www.eyedesignbook.com).
nucleaus.

Photoreceptor layer - Rods / Cones

10. Retinal pigment epithelium (Radius and Anderson, 1979).
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The retinal nerve fiber layer (stratum opticum, RNFL) is the
innermost layer of the retina packed between the inner limiting
membrane and the retinal ganglion cell layer, it is visible to the
examiner using direct or indirect ophthalmoscopy (Radius and
Anderson, 1979).

The RNFL is composed of axons of ganglion cells, astrocytes,
retinal vessels and Muller cell processes forming the internal limiting
membrane as their basal lamina covering the surface of the nerve fiber
layer. There are an estimated 700, 000 to 2 million ganglion cells in
the human retina and a similar number of nerve fibers found in the
optic nerve (Mikelberg et al., 1989).

The ganglion cells are arranged in layers of four to six cells in
the macula, and are only two cells thick in the retinal periphery. Three
types of ganglion cells are identified P cells, M cells and W cells.
There had been some work in trying to distinguish if certain types of
ganglion cells are preferentially damaged in glaucoma (Quigley et al.,
1987).

Astrocytes and Muller cells comprise a neuroglial system which
surrounds the nerve fibers and provides a structural framework
supporting the neural elements. The Muller cells occupy nearly all the
intercellular retinal space and form by their basal lamina the internal
limiting membrane covering the nerve fiber layer. The astrocyte
processes envelop all nerve fibers, giving structural and nutritional
support, and in combination with the pericytes they cover the retinal
capillaries isolating the retinal ganglion cells and their axons from the
retinal blood flow. This complex of astrocytes and Muller cells
channels, established in embryogenesis, may play a role in the



