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Abstract 

Purpose 

Non-glaucomatous optic neuropathies produce patterns of injury to the optic nerve head that 

have not been studied objectively because of the lack of quantitative imaging modalities. 

This related series of studies aimed to explore the role of new quantitative optic nerve 

imaging technologies (optical coherence tomography, OCT; Heidelberg Retinal Tomography, 

HRT; and scanning laser polarimetry, GDx) in non-glaucomatous optic neuropathies focusing 

on ischaemic and compressive optic neuropathies and to evaluate whether the technologies 

may identify characteristic structural changes to the optic nerve head and whether these 

changes correlate with the degree of visual field damage.  

 

Methods 

Subjects with anterior ischaemic optic neuropathy (AION) (both non-arteritic anterior 

ischaemic optic neuropathy (NAION) and arteritic anterior ischaemic optic neuropathy 

(AAION)), glaucoma, and compressive optic neuropathy were recruited. Subjects were 

assessed with complete neuro-ophthalmic assessment, visual field sensitivity (Humphrey 

visual field testing), OCT, HRT, and GDx. Structure-function correlations were calculated 

using retinal nerve fibre layer thickness (RNFL), macular thickness, optic nerve head 

morphology measures and visual field sensitivity.  

 

Results 

The ocular imaging modalities of OCT, HRT, and GDx are able to globally and sectorally 

identify a significant difference in AION eyes compared with controls. RNFL thickness 

correlates strongly with the extent and pattern of visual filed loss. The optic nerve head 

morphology in glaucoma is quantitatively distinct from both AAION and NAION with glaucoma 

producing larger, deeper cups, smaller rims, more cup volume, and less rim volume. OCT 

macular parameters also show robust correlation with visual field sensitivity. 

 

For patients who have had a prior parachiasmal lesion treated with surgery, the OCT RNFL 

correlates with the residual visual field defect. Correlations improved significantly with a 

longer post-operative course. Thinner preoperative RNFL thickness is associated with worse 

visual acuity and visual field outcome.  

Conclusions 

Quantitative imaging modalities are useful for identifying the extent and pattern of injury in 

non-glaucomatous optic neuropathies and may make a significant contribution to the pre-

operative assessment of patients with compressive lesions. 
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AAION  Arteritic anterior ischaemic optic neuropathy 

CSLO  Confocal scanning laser ophthalmoscopy 

CON  Compressive optic neuropathy 

CNS  Central nervous system  

FD-OCT Fourier domain optical coherence tomograph 

GCC  Ganglion cell complex 

GDx  Scanning laser polarimetry 

GDx-FCC Scanning laser polarimetry with fixed corneal compensation 

GDx-VCC Scanning laser polarimetry with variable corneal compensation 

GON  Glaucomatous optic neuropathy 

HVF  Humphrey visual fields 

HRT  Heidelberg retinal tomograph 

IOP  Intraocular pressure 

MD  Mean deviation 

NAION  Non-arteritic anterior ischaemic optic neuropathy 

OCT  Optical coherence tomography 

ONH  Optic nerve head 

RGC  Retinal ganglion cell 

RNFL  Retinal nerve fibre layer 

SAP  Standard automated perimetry 

TD-OCT Time domain optical coherence tomograph 

VA  Visual acuity 

VF  Visual fields 

VFS  Visual field sensitivity 
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The Role of Ocular Imaging in Neuro-ophthalmic Disease 

 

The optic nerve is a white matter tract of the central nervous system (CNS) comprised of the 

axons of the retinal ganglion cells (RGCs) whose cell bodies lie in the ganglion cell layer of 

the retina with the axons terminating in the lateral geniculate nucleus.  The optic nerve head 

(ONH), also referred to as the optic disc, has several unique features that enable it to provide 

valuable information regarding injury to the afferent visual pathway. Firstly, the absence of 

myelin at the ONH means that changes to the structure of the ONH principally reflects axonal 

damage and potentially this should be quantifiable.  Secondly, the course of the optic nerve 

axons through the brain allow the optic nerve head appearance to provide information 

regarding disease processes that may impinge upon the visual pathway intra-cranially, intra-

orbitally and intra-ocularly. Finally, the topographic arrangement of the optic nerve axons at 

the ONH provides the opportunity to localize the location of injury as well as the resultant 

pattern of visual field loss. 

However, until relatively recently examination of ONH was limited to stereoscopic assessment 

with subjective interpretation. Documentation was either with optic disc drawings, 

stereoscopic disc photographs, or several different subjective scoring systems. One of the 

challenges in studying optic neuropathies and the relationship between structural damage to 

the RGCs and their axons and the corresponding functional impairment has been that while 

loss of visual function can be quantified (visual acuity and visual field sensitivity) structural 

damage was limited to qualitative interpretation.  

In general, optic neuropathies are divided into two broad categories, glaucomatous and non-

glaucomatous.  While both result from damage to the optic nerve axons and ultimately death 

of the RGCs, they have different underlying pathophysiologies. Glaucoma, is an optic 

neuropathy that has an intraocular pressure component to its pathogenesis, while non-

glaucomatous optic neuropathies are a broader, more heterogeneous group of disorders 

which are considered to be pressure-independent diseases. The structural changes at the 

ONH are also distinctly different between the two conditions. Broadly, glaucoma results in 

enlargement and excavation of the optic nerve cup, thinning of the neuro-retinal rim with 

preservation of the ‘pink’ colour of the neuro-retinal rim that is spared from damage.  Non-

glaucomatous optic neuropathies, on the other hand, characteristically produce pallor of the 

neuro-retinal rim without significant thinning and minimal or no enlargement or excavation of 

the optic cup. However, there is significant overlap of these morphological changes between 

these two groups of disorders. Consequently, differentiating glaucoma from non-

glaucomatous optic neuropathies remains one of the challenging issues in ophthalmology. 
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Furthermore, the study of the morphological changes of the ONH in non-glaucomatous optic 

neuropathies has been limited because of the lack of universally accepted grading systems. 

Retinal ganglion cell loss in optic neuropathies manifests as increased pallor of the ONH, 

which is difficult to assess and quantify. In addition, there are recognized patterns of injury in 

non-glaucomatous optic neuropathies but these have not been studied objectively.  

Ocular imaging technologies such as optical coherence tomography (OCT), scanning laser 

ophthalmoscopy (Heidelberg retina tomography, HRT) and scanning laser polarimetry (GDx) 

were developed for use in glaucoma and became available for wider commercial use 

internationally between 2004-2006.    

The inter-related studies that constitute this thesis were initiated at the time when these 

technologies were rapidly advancing but their use was still primarily focused on glaucoma.  

Indeed, subsequently, they have provided an unprecedented detailed analysis of the optic 

nerve, adjacent retinal nerve fibre layer and macula, providing useful additional diagnostic 

and prognostic information in glaucoma. However, the correlations and relationships 

identified between glaucomatous optic nerve changes and visual field sensitivity cannot 

necessarily be extrapolated to non-glaucomatous optic neuropathies. Non-glaucomaous optic 

neuropathies have a different natural history and may be associated with reversible damage 

such as with compressive optic neuropathies. Furthermore, non-glaucomatous optic 

neuropathies have a different range and patterns of clinical defects than glaucoma such as 

central visual loss, colour vision impairment, pallor of the neuroretinal rim and different 

spectra of VF defects. Thus the research that comprises this thesis explores the new 

technologies developed for the structural analysis of optic neuropathies and the spatial 

correspondence between neuronal loss and visual field sensitivity. Studies specifically 

evaluate the role and limitations of these new technologies in non-glaucomatous optic 

neuropathies focussing on ischaemic and compressive optic neuropathies.  

Ischaemic optic neuropathies are generally divided into arteritic and non-arteritic. Both types 

of ischaemic optic neuropathy cause sudden painless loss of vision with acute optic nerve 

head swelling followed by pallor and variable optic nerve atrophy. However, their differing 

aetiologies and pathophysiology mean that the end-stage morphology of the optic nerve in 

these conditions is distinctive.  In contrast to ischaemic optic neuropathies, compressive optic 

neuropathies produce slowly progressive visual loss without a clearly definable time of onset 

of the visual loss. Also, compressive optic neuropathies are known to have a variable degree 

of recovery following surgical intervention.  

However, both conditions produce loss of visual function secondary to death of retinal 

ganglion cells in a similar manner to glaucoma.  Identifying and quantifying the extent and 
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degree of damage unique and distinctive patterns of injury may explain the dynamics 

involved in the differences underlying the clinical presentation in these diseases. Different 

patterns of RNFL loss may reflect diverse anatomical injuries.  This thesis also explores which 

parameters of the optic nerve head and macular areas may serve as an appropriate surrogate 

for determining the number of retinal ganglion cells damaged. 

Over the duration of this thesis there have been many software advances in all three 

technologies. For the purposes of best clinical care, the studies in this thesis have utilized the 

most recent technologies and software available at the time of each study.  
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Section I 

Introduction & Methods 
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OVERVIEW 

In order to understand the concepts in this thesis an appreciation of the anatomy of the visual 

pathway, from the retina to the optic chiasm as well as the detailed morphology of the optic nerve 

head, is essential. This encompasses an appreciation of the retinotopic distribution of the retinal 

nerve fibres and their orientation from the retina to the optic nerve head and further posteriorly to 

the lateral geniculate body. 

As this thesis evaluates the structure-function correlation of optic neuropathies, it is important to 

review the established techniques that are utilised for assessing optic nerve function.  

Finally, an overview of the two groups of neuro-ophthalmic disorders evaluated in this thesis, 

ischaemic optic neuropathies and compressive optic neuropathies is relevant.  
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Chapter 1 

Anatomy of the Anterior Visual Pathway 
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Overview 

The anterior afferent visual pathway consists of the retinal ganglion cell and its axon, the optic nerve 

head, optic nerve, chiasm, optic tract and the lateral geniculate body.  The retinal nerve fibre layer 

(RNFL), the innermost layer of the retina contains the ganglion cell axons that compose the optic 

nerve.  The axons travel in the retinal nerve fibre layer (RNFL) connecting their cell bodies to the 

lateral geniculate nucleus via the optic nerve.  The optic nerve head is located approximately 4mm 

nasal to the central posterior pole of the globe.  The RNFL axons converge at the optic nerve head 

and pierce the outer retina, the choroid, and the lamina cribrosa, where they form the intraocular 

segment of the optic nerve.   The optic nerve is divided into the intraocular, intraorbital, 

intracanicular, and intracranial segments.  The optic nerves are phylogenetically an evagination of the 

brain and consequently are considered a central nervous system white matter tract. 

This section will present an overview of the relevant anatomy and highlight the key elements of the 

neuro-ophthalmic patient history and examination that is necessary for understanding the 

constellation of clinical features that occur in optic neuropathies and subsequently evaluating 

structural changes in the optic nerve head and visual field sensitivity changes.  
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1.1 Retinal Nerve Fibre Layer 

 

The RNFL is composed primarily of RGC axons, astrocytes and components of Muller cells.  The RNFL 

is thickest adjacent to the superior and inferior margins of the optic disc and thinner nasally and 

temporally.  There are several unique features of RNFL organisation.1  

1. The papillomacular bundle contains nerve fibres originating from RGCs in the foveal area. 

These are on the nasal aspect of the macula and project towards the optic disc directly.  

Axons from RGCs of the temporal macula have a slight arching pattern around the nasal 

macular axons and these make up the remainder of the papillomacular bundle.  

2. The demarcation between the temporal and nasal retina is a vertical line passing through the 

fovea.  

3. The RNFL temporally, the papillomacular bundle, is the thinnest. 

4. The temporal raphe is a demarcation on the temporal side of the fovea which separates 

superior and inferior axons out to the far periphery of the retina.  This producesa a 

separation between the superior and inferior regions of the nasal visual field. 

5. Axons from the retina temporal to the macula arch around the papillomacular bundle with 

superior fibres travelling to the superior pole of the optic nerve head and inferior fibres 

travelling to the inferior pole of the optic nerve head.  

6. Fibres from the nasal aspect of the disc travel radially to the optic nerve head.  

7. There is an age-related decline in the RNFL thickness which starts at 50 years. 
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Figure 1.1: Pattern of Retinal Nerve Fibre Layer Coursing Towards Optic Nerve Head, courtesy 

of Andrew H Kaye and Edward R Laws, Brain Tumors, 3rd Edition (Chapter, Neuro-ophthalmology 

of Brain Tumors, pg 214) 

 

 

 

The RNFL can be observed clinically using various techniques. The first observations of the RNFL 

were in 1913 by Vogt2 who noted that striations in the retina, representing the RNFL axon bundles, 

were visible using the red-free light of a direct ophthalmoscope. However, it was Hoyt et al3 who 

made the association between clinical changes in the RNFL with red-free light in glaucoma describing 

“slit-like defects among arcuate fibre bundles of the retina that correlate perimetrically with arcuate 

defects in the visual field.  The RNFL is now recognised to become progressively thinner as a 

consequence of normal aging as well as optic nerve disease.  

The RNFL provides a unique opportunity to study and measure a central nervous system (CNS) 

structure that consists of isolated axons as the axons within the RNFL are not myelinated until they 

pass through the lamina cribrosa to comprise the optic nerve. This structural specialization of the 
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RNFL makes it an ideal tissue to examine for the purpose of understanding neurodegenerative 

processes within the CNS because quantitation of RNFL thickness lects the burden of axons without 

potential structural effects of myelin degeneration.4  

 

1.2 Optic Nerve Head 

The optic-nerve head (ONH) consists of the inner limiting membrane, the retinal nerve-fibre layer 

(RNFL), prelaminar layer, and the lamina cribrosa. The internal limiting membrane is comprised of 

astrocytes that separates the RNFL from the vitreous. The RNFL converges from across the retina in a 

retinotopic pattern as outlined above.  The prelaminar area refers to the unmyelinated optic-nerve 

fibres which are arranged in bundles surrounded by loose trabecular glial tissue, astrocytes, and 

capillaries within the septa.  (needrefs for this paragraph) 

 

The lamina cribrosa is composed of lamellae of dense collagen tissue extensions from the sclera, 

alternating with glial sheets, creating sieve like tunnels through which nerve axons and central retinal 

vessels must pass. The connective tissue of the lamina cribrosa is made of specialized fibroblasts and 

an extracellular matrix, which support neural tissue.5  

 

The nerve fibres represent approximately 90% of the tissue of the ONH. The arrangement of the 

fibres here corresponds in general to the retinal distribution.  The papillomacular bundle is initially 

temporal but gradually moves to occupy a central position in the more posterior optic nerve 4.  

 

Vascular supply 
 

The RNFL and peripapillary retina is supplied principally by recurrent retinal arterioles branching from 

branches of the central retinal artery. The prelaminar and laminar optic nerve head is supplied by 

branches of the short posterior ciliary arteries and by branches of the circle of Zinn–Haller with a 

small contribution from the peripapillary choroid.6 The short posterior ciliary arteries and the pial 

arterial branches supply the retrobulbar optic nerve. The pial arteries originate from the central retinal 

artery, before it pierces the retrobulbar optic nerve, and the short posterior ciliary arteries. The 

venous drainage of the anterior ONH is almost exclusively from the central retinal vein. 
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Size of optic nerve head and cup 
 

The clinical appearance of the ONH varies with the size of the scleral canal and the angle at which the 

optic nerve exists the eye. The size of the scleral canal is reflected in the cup size.  In humans, the 

median value of the cup-to- disc ratio is 0.25–0.3, and the difference in cup-to-disc ratio between 

fellow eyes is generally  less than 0.2.7,8,9Large physiological cups are usually associated with larger 

discs, the cup-to-disc ratio being proportional to disc size. The depth of the cups is also highly 

variable.10  

 
There are some important normal variations in the morphology of the optic nerve head.   

 

1. A “tilted optic nerve head” occurs when the optic nerve fibres exit the sclera at an acute 

angle temporally with a turn of more than 90 degrees nasally.  This produces the following 

changes in the optic nerve head:  recessed temporal border, temporal crescent, ectasia of the 

inferonasal fundus. 

2. The temporal side of the optic disc usually has less colour than the normal size due to the 

size of the physiologic cup and the translucent nature of the thin temporal nerve fibre layers.  

If the physiologic cup extends to the temporal edge of the disc than there is temporal pallor 

which is normal.  

3. Deep physiologic cup: If there is excavation of the cup there is associate central area of 

pallor. The pallor of the floor of the cup comes from the whitenss of the connective and 

elastic tissue of the lamina cribrosa.  

 

Figure 1.2: : Normal optic nerve head  (A) left eye demonstrating healthy average optic disc size,  
normal neuroretinal rim with an average cup size and(B) left eye demonstrating small optic disc size 
and small cup. 

       

 



 

13 

1.3 Intraorbital and Intracanalicular Optic Nerve 

 

The optic nerve obtains its myelin behind the eye at the lamina cribrosa and comprises approximately 

1.2 million ganglion cell axons.  The intraorbital optic nerve has a mildly tortuous course and runs 

posteromedially in the centre of the muscle cone to the orbital apex, where it enters the optic canal. 

The intraorbital optic nerve is about 4–4.5 cm long.  The central retinal artery pierces the optic nerve 

inferomedially about 10mm posterior to the globe and runs centrally within the nerve toward the 

globe. The central retinal vein also courses centrally within the nerve, but it exits the nerve 1–2mm 

behind the entry point of the central retinal artery and then runs posteriorly below it.  The diameter 

of the intraorbital segment expands to 4.5mm because of the addition of myelin to most axons 11.  

The optic canal is about 5mm long and 3–4mm wide. The entire intraorbital and canalicular optic 

nerve is surrounded by arachnoid and dural sheaths, which enclose a tube-shaped subarachnoid 

space. These sheaths and this space are extensions of the intracranial meninges. The pia mater that 

envelops the optic nerve also covers the retinal vessels.  

1.4 Intracranial Optic Nerve 

The pre-chiasmatic intracranial optic nerve is approximately 10mm long. It lies below the A1 segment 

of the anterior cerebral artery and above the internal carotid artery.  This is the site of compression 

by clinoidal meningioma. The optic nerve enters the cranium via the optic canals, extending an 

average of 12 mm at an inclination of 45 degrees to reach the anterior chiasm 11. 

Intracranially, the axonal organisation changes with the axons partially losing their retinotopy  

 

1.5 Optic Chiasm 

The chiasm contains decussating axons from both optic nerves. The ratio of crossed to uncrossed 

fibres within the chiasm is 53:47.  Axons arising from the retinal ganglion cells nasal to the fovea that 

carry information from the temporal visual fields cross the midline to join the axons from the temporal 

retinal and form the optic tracts. The blind spot lies entirely within the temporal visual field because 

the vertical midline determined by this decussation passes through the fovea 11. 

 

Most fibres in the chiasm are projections from the macular region.  In the chiasm, the upper nasal 

quadrant fibres cross dorsally and posteriorly and lower nasal quadrant fibres cross more anteriorly.  
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The uncrossed fibres maintain their position at the lateral aspects of the chiasm and into the optic 

tracts 11.  

 

The optic chiasm has a transverse diameter of 12 to 18 mm, an antero-posterior width of 8 mm, and 

a height of 4 mm. It is positioned over the diaphragm sellae in 75-85% of patients. Typically, lower 

anteriorly than posteriorly, resting over the pituitary gland. The chiasm is in direct contact with 

cerebrospinal fluid anteriorly in the subarachnoid space and posteriorly in the third ventricle 11.  

Clinically, the most important anatomical relationship of the chiasm is with the pituitary gland.  In 

approximately 10% it can overlie the tuberculum sellae (a ‘prefixed’ chiasm) or in 5-15% it is located 

over the dorsum sellae (a ‘postfixed’ chiasm).  These relationships have a direct bearing on the 

configuration of the visual field defects resulting from an encroaching pituitary tumour 11.  

 

Because of this unique anatomic configuration of the chiasm, lesions produce certain changes in 

visual field defects. For example, if the chiasm is in a normal or a postfixed position, enlargement of 

the third ventricle will compress its postero-superior aspect, causing bitemporal depression of the 

inferior fields; if the chiasm is prefixed, however, the ventricle will compress the postero-inferior 

aspect, causing bilateral central scotomas, nasal and arcuate defects, or even superior hemianopic 

defects.  

 

1.6 Optic Tract 

Each optic tract carries visual information from the contralateral visual fields.   As they enter the optic 

tract the crossed (from the contralateral nasal retina) and uncrossed fibres (from the ipsilateral 

temporal retina) of the chiasm converge.  The macular fibres lie dorso-laterally, and the fibres from 

the upper retinas and lower retinas are situated dorso-medially and ventro-laterally, respectively.  The 

fibres of the optic tract then synapse primarily in the lateral geniculate body by passing posteriorly 

around the cerebral peduncle and above the posterior cerebral arteries. 

 

The optic tract fibres travel above and around the infundibulum and below the third ventricle. The 

blood supply of the optic tract is supplied by thalamic perforators of the posterior cerebral artery and 

branches of the anterior choroidal artery off the internal carotid artery.  

 

1.7 Lateral Geniculate Nucleus 

 

The lateral geniculate nucleus (LGN) has 6 layers. Layers 2, 3, and 5 receive visual input from the 

retinal ganglion cells from the ipsilateral temporal hemiretina (the nasal field). Layers 1, 4, and 6 

receive information from the nasal retina (the temporal field).  
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Figure 1.3 : The visual pathways, showing common patterns of field loss. (From Kaye (1991)      
with permission. (Figure 12.1) 2nd edition 
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Chapter 2 

Clinical Assessment of the Optic Nerve  

and its Function 
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Visual loss from optic neuropathies may be sudden or gradual in onset. Some optic neuropathies 

produce sudden visual loss such as non-arteritic anterior ischaemic optic neuropathy and arteritic 

anterior, ischaemic optic neuropathy.  However, other optic neuropathies, such as compressive 

lesions produce gradual progressive visual loss.  Patients who present with sudden visual loss may 

show a structure-function disconnect. That is, the optic nerve may appear normal or swollen despite 

a loss of visual function. Conversely, a slowly progressive optic neuropathy tends to demonstrate 

more correlation between the degree of structural change and functional damage especially as the 

disease process progresses.  

 

The examination of a patient with an optic neuropathy or an abnormality of the afferent visual system 

involves five key components. All patients that participated in the studies outlined in this thesis had 

these parameters evaluated: 

  

1. Visual Acuity 

2. Visual Field Assessment 

3. Colour Vision Testing 

4. Pupil Assessment 

5. Fundus Examination 

 

 

2.1 Visual Acuity 

 

The visual acuity in each eye is tested individually. It is helpful to evaluate both distance and near 

vision.  The most widely used tool for measuring distance visual acuity is the Snellen chart which 

effectively compares what a patient can see to what a normal person could see at 20 feet (6 meters 

in the metric system).  

 

The worst numerical value on the chart is 20/200 (or 6/60). If the patient is not able to read the 

largest letter, visual acuity is then classified as ‘‘counting fingers’’ (CF), ‘‘hand movements’’ (HM), 

‘‘perception of light’’ (PL), or ‘‘no perception of light’’ (NPL).  For research, visual acuity is recorded in 

a logMAR scale (Minimum Angle of Resolution). The MAR is the angle subtended by the thickness or 

stroke of a letter, with the overall height and width of the letter typically being five times larger than 

the thickness of the strokes that comprise the letter.  
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Table 2.1: Visual acuity table showing conversion to LogMar 
 

Foot Metre Decimal 
 
LogMAR 
 

20/200 6/60 0.10 1.00 
20/160 6/48 0.125 0.90 
20/125 6/38 0.16 0.80 
20/100 6/30 0.20 0.70 
20/80 6/24 0.25 0.60 
20/63 6/19 0.32 0.50 
20/50 6/15 0.40 0.40 
20/40 6/12 0.50 0.30 
20/32 6/9.5 0.63 0.20 
20/25 6/7.5 0.80 0.10 
20/20 6/6 1.00 0.00 
20/16 6/4.8 1.25 -0.10 
20/12.5 6/3.8 1.60 -0.20 
20/10 6/3 2.00 -0.30 

 

 

2.2 Colour Vision Testing 

 

Colour vision testing is an essential part of the neuro-ophthalmic assessment for determining acquired 

optic neuropathies. Colour vision abnormalities occur with optic neuropathies, as well as disorders of 

the chiasm. 

 

In the studies in this thesis, colour vision was evaluated using Ishihara pseudo-isochromatic test 

plates. Each eye should be tested separately. If the patient is not able to see the first number 

(Number 12) which is the control plate, then the patient’s vision is too poor to perform the remainder 

of the test and an alternative colour vision test should be performed. Visual acuity of approximately 

20/400 is required to see these plates. The number of plates correctly identified with each eye is 

recorded (e.g., 10/14). If only the control plate is identified, then it should be recorded as ‘control’ 

only.  

 

2.3 Pupil Testing 

Pupillary assessment involves identifying any anisocoria (difference in size), eliciting direct and 

consensual responses to light on both sides, checking for a relative afferent pupillary defect (RAPD), 

and examining the response to convergence/ accommodation. The presence of a RAPD is the 

hallmark of a unilateral or bilateral, asymmetric, afferent visual abnormality.  It is present in optic 

neuropathies as well as chiasmal and optic tract lesions.   
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2.4 Visual Field Assessment 

Assessment of the visual field is one of the fundamental aspects of the afferent visual system 

examination. The visual field examination helps localize and identify diseases affecting the visual 

pathways. There are several techniques of visual field testing ranging from confrontation visual fields, 

Amsler grid testing, to formal automated perimetry. The current gold standard for visual field testing 

is automated perimetry with Humphrey visual field testing (Zeiss Meditec, San Diego).  

 

In order to understand the pattern of visual field defect, one must appreciate the topographic 

relationship between the retina and the visual field: 

 

 The upper visual field falls on the inferior retina (below the fovea). 

 The lower nasal field falls on the superior retina (above the fovea). 

 The nasal visual field falls on the temporal retina. 

 The temporal visual field falls on the nasal retina. 

 

Types of Visual Field Defects 

 

1. Optic Nerve Lesions: Optic neuropathies typically produce nerve fibre bundle defects within 

the central 30 degrees of the visual field.  There are three main types of nerve fibre bundle 

defects depending on the underlying etiology. 

a. Papillomacular bundle: damage to macular fibres that enter the temporal aspect of 

the disc.  

i. Central scotoma 

ii. Centrocecal scotoma: a central scotoma that is continuous with the blind 

spot. 

iii. Paracentral: a defect lying next to, but not involving, central fixation 

b. Arcuate Defect: damage of fibres from the retina temporal to the disc that enter the 

superior and inferior poles of the disc. 

c. Temporal wedge shape defect: damage of fibres on the nasal side of the disc. These 

do not necessarily obey the vertical midline rule (vide supra). 

d. Monocular visual field defect: if the posterior portion of the optic nerve is involved the 

visual field defect may be monocular with a central or ceco-central defect.  

Compression of the posterior optic nerve against the overlying anterior cerebral 

artery, the roof of the optic canal, or the falciform ligament may cause an inferior 

altitudinal defect.  
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2. Junctional scotoma: A lesion of the anterior optic chiasm may produce an optic neuropathy in 

the ipsilateral eye with a supero-temporal field defect in the other eye that respects the 

vertical meridian.  This is thought to be explained by the crossing inferonasal fibres travelling 

anteriorly toward the contralateral optic nerve before passing into the optic tract.  This is 

known as von ‘Willebrand’s knee although the anatomical presence of von Willebrand’s knee 

is debated. When a small lesion damages only the crossing fibres of the ipsilateral eye, the 

field defect is monocular and temporal with a midline hemianopic character that extends to 

the periphery of the visual field.  If only the macular crossed fibres from one eye are 

damaged, the resultant field defect is still monocular and temporal but is scotomatous and 

located paracentrally.  

 

3. Bitemporal visual field defect: A lesion of the decussating fibres in the optic chiasm cause 

bitemporal hemifield defects.  Compression of the inferior chiasm produces superior and 

central field defects. The classic bitemporal hemianopia may involve only the superior visual 

fields if the lesion produces extrinsic compression initially from below - such as occurs with a 

pituitary adenoma or any other infrachiasmal lesion (e.g. tuberculum sellae and medial 

sphenoidal ridge meningiomas).  Gradually the defect descends into the lower temporal field 

and then into the lower nasal quadrant. In general, the upper nasal visual field is often 

preserved even in advanced chiasmal syndromes.  

 

Conversely, superior chiasmatic compression may cause only an inferior hemianopic field loss.  In 

most cases of bitemporal hemianopia the visual acuity is normal. In addition, a suprachiasmal tumour 

is more likely to produce papilledema because such lesions can extend into, and occlude, the third 

ventricle.  

 

4. Bitemporal hemianopic scotoma: Lesions that damage the posterior aspect of the optic 

chiasm produce typically bitemporal hemianopic scotomas which are often taken for ceco-

central scotomas attributed to toxic or hereditary processes rather than a tumour. However, 

bitemporal hemianopic scotomas will be associated with normal visual acuity and colour 

vision whereas toxic/nutritional processes are invariably associated with reduced visual acuity 

and dyschromatopsia.  

 

5. Homonymous hemianopic field defects: The homonymous hemianopic field defect is more 

likely with a prefixed chiasm or when the tumour involves the optic tract which is usually 

incongruous.  Homonymous hemianopic field defects originate from the point of fixation and 

obey the vertical meridian. This occurs contralateral to the side of the lesion.  In contrast, 

optic nerve lesions produce defects that originate from the blind spot and consequently do 

not respect the vertical meridian.  “Rules of the road” include: 
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a. Complete homonymous hemianopias may occur with any lesion of the retrochiasmal 

visual pathways and do not allow precise localization of the lesions along the 

retrochiasmal visual pathways. Congruity increases gradually as one proceeds from 

the chiasm to the striate cortex. 

b. Lesions of the optic tract produce incongruent hemianopias. 

c. Damage to Meyer’s loop, the temporal optic radiations, produces homonymous 

superior quadrantanopia. 

d. Damage to the parietal optic radiations produces a homonymous inferior 

quadrantanopia.  

e. Lesion to the superior bank of the calcarine fissure produces an inferior 

quadrantanopia while a lesion of the inferior calcarine fissure produces a superior 

quadrantanopia.  

f. Macular sparing occurs when the occipital pole is not involved. 

g. A lesion of the occipital pole causes a homonymous paracentral scotoma. 

 

2.5 Optic Nerve Assessment 

The optic nerve may appear pale or swollen.  Neither optic atrophy nor optic disc swelling are 

diseases in themselves- but the endpoint manifestation of a variety of diseases.  

 
Optic Atrophy  

Optic Atrophy is a term that applies to the appearance of the optic nerve head following degeneration 

of axons in the anterior visual pathway.  The clinical diagnosis is based on ophthalmoscopic 

abnormalities of the structure and colour of the optic nerve head which are associated with retinal 

nerve fibre layer defects as well as changes in the retinal vasculature. They are usually associated 

with some degree of loss of optic nerve function. 

 

Optic Atrophy may result following damage to the axons that arise from the RGCs along their path to 

the lateral geniculate nucleus. This includes damage at the size of the RGC cell body, the axons, the 

retinal nerve fibre layer, the optic disc, or diseases that involve the optic nerve intra-orbitally as well 

as intra-cranially. Furthermore, diseases of the optic chiasm, tract or lateral geniculate body may also 

cause optic atrophy.   

 

Two types of degeneration can occur: 

 

1. Anterograde or Wallerian Degeneration 

Anterograde degeneration proceeds posteriorly along the axon that has been separated from its cell 

body. The rate of anterograde degeneration is proportional to the thickness of the axons with large 



 

22 

axons degenerating first.  Anterograde degeneration is virtually complete by 7 days following injury.12, 
13,14,15 

 

2. Retrograde degeneration is degeneration that occurs in the axon that remains in contact with the 

cell body. 1,16 

Unlike anterograde degeneration, retrograde degeneration is relatively independent of the distance of 

the injury from the ganglion cell body.  That is damage to the retrobulbar optic nerve, chiasm, and 

tract all produce visible degeneration of the ganglion cell bodies within the same time frame. 

Retrograde degeneration is complete by 6-8µm after severe optic nerve injury. 

 

Clinical Assessment of Optic Atrophy 

 

The ophthalmoscopic assessment of optic disc pallor has multiple complexities as there is no 

standardised grading system used to clinically document pallor. Furthermore, the normal colour of the 

optic nerve head is dependent on many different factors. Finally, there is significant level of subjective 

interpretation. 

 

1. Optic Cup Excavation 

One of the changes that can occur in an optic nerve head is pathologic excavation of the optic 

cup. While this is considered pathognomic of glaucoma, other optic neuropathies have been 

documented to show some level of exaction. These include ischaemia, compression, hereditary 

disorders, trauma, and inflammation.  There has been significant controversy as to whether the 

‘cupping’ seen in these disorders is equivalent to that seen in glaucoma and this issue is one of 

the sections of this thesis.  

 

2. Retinal Nerve Fibre Layer Defects 

Evidence of optic atrophy can be identified by assessing the retinal nerve fibre layer. Early focal 

loss of axons is seen as dark slits or wedges in the peripapillary RNFL.  The slit defects are most 

easily identified superiorly and inferiorly as that is where the RNFL is normally thickest.  When 

multiple bundle defects coalesce they can produce wedge-like defects. With advancing optic 

atrophy there is a generalised thinning of the RNFL.  

 

Assessment of the RNFL clinically is best performed with red-free light although some defects can be 

seen with sufficiently bright illumination of ophthalmoscopy.  

 

3. Temporal Pallor 

Temporal pallor occurs with optic neuropathies that selectively affect central vision and field and 

spare the peripheral field such as toxic and nutritional optic neuropathies, optic neruitis and 
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nutritional optic neuropathy.  Sharply demarcated wedge defects are a result of diseases that 

preferentially damage the papillomacular bundle. 

 

4. Sectorial pallor 

Ischaemic lesions of the optic nerve such as that occurring with non-arteritic anterior ischaemic 

optic neuropathy commonly produce either superior or inferior disc pallor corresponding to the 

visual field defect. 

 

5. Band  atrophy (Figure 10) 

Patients with chiasmal syndromes may or may not have ophthalmoscopically apparent nerve fibre 

layer or optic atrophy. Chiasmal lesions result in damage to the ganglion cells nasal to the optic disc 

and fovea.  This causes optic atrophy with relative preservation of the superior and inferior retinal 

nerve fibre layer producing a characteristic pattern of atrophy called “band” atrophy.  

 

However, optic disc pallor will not be present in patients with acute chiasmal syndromes (typically 

atrophy occurs over weeks to months), and the absence of optic atrophy should not preclude 

additional evaluation of patients with visual loss. Furthermore, subtle optic disc pallor may be difficult 

to distinguish, even in patients with obvious visual field defects. The pallor extends horizontally in a 

band across the optic disc. This corresponds to degeneration of the peripheral retinal ganglion cells 

located nasal to the fovea that course directly into the nasal aspect of the disc and the nasal macula 

fibres (the papillomacular bundle) which course directly to the temporal disc. There is relative sparing 

of the superior and inferior portions of the disc where the majority of spared temporal fibres which 

subserve the nasal visual field enter.  

 

In patients with a pre-geniculate homonymous hemianopia, such as in a tract lesion, they show a 

characteristic pattern of optic atrophy. The eye contralateral to the lesion shows band atrophy while 

the ipsilateral eye which has a complete nasal field loss has damage to the RGCs temporal to the 

fovea and consequently demonstrates a superior and inferior arcuate thinning.  



 

24 

Figure 2.1 Glaucomatous optic neuropathy of a left eye demonstrating A) thinning of the 
neuroretinal rim superoand infero-temporally with excavation of the cup. The neuroretinal rim that is 
present is ‘pink’ as opposed to ‘pale’ and B) corresponding visual field loss inferiorly with an arcuate 
scotoma. 
 

A) 

 
 

B) 
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Figure 2.2: A) Optic Atrophy with evidence of temporal pallor of the neuroretinal rim and B) 
corresponding paracentral visual field loss 

A) 

 

B) 
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Figure 2.3: Band atrophy demonstrating:  A) disproportionate pallor the optic nerve head temporally 
and nasally in both eyes B) Corresponding visual field loss in a bitemporal pattern and C) pituitary 
adenoma which has compressed the chiasm to produce these structural and functional patterns of 
loss. 

A) 

  

B) 
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C) 

 
 

 

Optic disc swelling 
 

Optic disc swelling occurs when there is obstruction of axonal transport at the level of the lamina 

cribrosa from a variety of pathological processes. For the purpose of this thesis two main causes of 

optic disc swelling will be considered: arteritic and non-arteritic anterior ischaemic optic neuropathy. 

 

The optic disc swelling that occurs with AION is either hypaeremic or pallid.  Patients with NAION 

usually have small discs with an absent or small central cup and this congenital abnormality is 

thought to be a major risk factor for the development of this disorder. The optic disc swelling tends to 

be hyperemic with flame shaped haemorrhages at the margins. AAION characteristically produces a 

pallid disc swelling due to occlusion of the posterior ciliary arteries from inflammation. Both of these 

will be discussed in more detail below.  
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Figure 2.4 Optic nerve swelling secondary to A)  non-arteritic anterior ischaemic optic neuropathy 

demonstrating marked disc hyperaemia and haemorrhages and B) Arteritic anterior ischaemic optic 

neuropathy demonstrating pallid disc swelling with minimal haemorrhages secondary to giant cell 

arteritis. 

A) 

 

B) 
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Table 2.2: Neuro-ophthalmic Examination of the Afferent Visual Pathway 

 

Examination Specific Test  Key Points 

Visual Acuity  Snellen VA 

 

Need to test for best corrected vision with 
glasses or pinhole. 
 

Colour Vision Ishihara Colour 
Plates 

 

1. Optic neuropathies characteristically 
produce red desaturation. 

 
2. Recorded number correct from 14 plates 

 

Pupil   Relative Afferent 

Pupillary Defect 

Swinging flashlight test for RAPD 

 

Visual Field Automated Visual 

Field Testing  

Humphrey visual field is gold standard 

Fundus Optic nerve swelling 

or pallor 

Stereoscopic Assessment 

Imaging 

Modalities 

Optical Coherence 
Tomography 

Heidelberg Retinal 
Tomograph 

Optic Nerve Morphology, Retinal Nerve Fibre 
Layer, and Macular Ganglion Cell Layer 

Optic Nerve Head Morphology 
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Chapter 3 

Compressive Tumours of the Anterior Visual Pathway 
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3.1 Clinical Features 

 

The most common tumours are pituitary adenomas, meningiomas, craniopharyngiomas, and gliomas. 

The arrangement of visual fibres in the chiasm accounts for the characteristic symptoms and signs of 

visual loss.  

 

Most patients do not perceive that peripheral vision is impaired, but complain of an inability to 

perform various fine motor tasks requiring careful depth perception or binocular vision. Typically, the 

visual loss is asymmetric with one eye showing greater involvement than the other.  

 

 
Table 3.1:  Symptoms Associated with Tumours that Affect the Anterior Visual Pathway 

Symptom Key Feature 

Visual loss  1. Need to distinguish between sudden loss of 

vision and sudden awareness of visual loss.  

2. Identify associated features such as pain, 

diplopia or other symptoms that may suggest 

an etiology other than optic nerve disease 

(metamorphopsia, distortion of vision, ect..) 

Transient Visual Obscurations 1. Feature of raised intracranial pressure. 

2. Associated with change in posture (supine to 

upright). 

3. Last seconds. 

Headache 1. Headaches associated with raised intracranial 

pressure are worse when lying down, coughing 

or straining. 

2. Identify other symptoms of raised intracranial 

pressure (diplopia, tinnitus, transient visual 

obscurations). 

Diplopia  
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3.2 Specific Tumour Types 

 

Pituitary tumours   
Pituitary adenomas often first manifest through visual symptoms. They are typically slow-growing and 

histologically benign tumours, but can become clinically destructive, invade adjacent structures, and 

recur after treatment. Pituitary tumours are so situated that with expansion they may readily 

implicate the adjacent segments of the visual and ocular motor pathways.  

When these tumours expand and become symptomatic, their clinical presentation depends upon the 

size and shape of the lesion and the associated perturbations in hormonal secretion. With 

enlargement sufficient to compress and distort the chiasm, the classic bitemporal hemianopia may 

result. However, there are a variety of other symptoms and signs including headache, optic 

neuropathies, diplopia, hypo-pituitarism, acromegaly and even nystagmus.  

Pituitary adenomas may be subdivided into various subtypes based upon the hormone secreted. Non-

functional tumours comprise about 25% of clinically apparent pituitary adenomas. Prolactin (PRL) 

secreting tumours are the most common pituitary tumours in adults.17 Another common type of 

functional tumour secretes growth hormone (GH), but adrenocorticotropic hormone (ACTH), thyroid-

stimulating hormone (TSH), follicle stimulating hormone (FSH), and luteninzing hormone (LH) may be 

secreted as well. Pituitary adenomas often become symptomatic during pregnancy but regress post-

partum.  Furthermore, during the third trimester the pituitary gland may enlarge sufficiently to 

produce chiasmal compression and visual symptoms. Again, these resolve spontaneously following 

delivery. 

Craniopharyngioma 

 
 Papilledema in a patient with a chiasmal syndrome should raise the possibility of the tumour being a 

craniopharyngioma. In children with this tumour, half will have papilledema in addition to chiasmal 

and optic tract field defects, however in adults disc swelling is less common.18  

 

Meningiomas 

Optic nerve meningioma 

Optic nerve meningiomas arise from the dural sheath of the intraorbital optic nerve.  These occur 

most commonly in females in the 5th decade presenting with unilateral painless progressive loss of 

vision. Patients may experience transient visual loss.  They are often characterized by optic nerve 

head swelling and the presence of opto-ciliary shunt vessels which are tortuous dilated veins on the 

optic disc surface.  
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Optic nerve meningioma may extend from the intraorbital, intracanalicular to the intracranial optic 

nerve. If untreated they can involve the chiasm and extend into the contralateral optic nerve. 

Intracanicular optic nerve involvement may also occur in association with a meningioma of the 

anterior clinoid or tuberculum sellae.  Optic nerve meningiomas appear on MRI as a fusiform 

enlargement of the optic nerve/sheath complex. There may also be flattening of the posterior globe 

due to tumour encroachment. The optic canal may be enlarged.  These tumours are hypo-intense on 

both T1- and T2-weighted images and typically enhance with gadolinium.  

 
Other meningiomas affecting anterior visual pathway 

Suprasellar, parasellar and cavernous sinus meningiomas may all cause optic nerve dysfunction. 

Suprasellar meningiomas arise from the dura of the tuberculum sellae and rarely from the 

diaphragma sellae. They are commonly asymptomatic until they impinge on the anterior visual 

pathway at which time they present with painless, progressive visual loss.  Parasellar and cavernous 

sinus meningiomas may in addition present with diplopia or facial sensory symptoms with evidence of 

single or multiple ocular motor nerve paresis or trigeminal neuropathy 19. 

 
 
 
 
Figure 3.1: (below left) Anterior clinoidal meningioma: MRI axial image T1 weighted image with 
contrast demonstrating anterior clinoidal meningioma with tail compressing the optic nerve. 
 
 

 
 
 
Figure 3.2: (Above right) Optic nerve meningioma: Magnetic Resonance Imaging axial image     
T1 with gadolinium demonstrating right optic nerve meningioma. 
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Glioma 
Primary gliomas of the chiasm present in childhood with unilateral or bilateral loss of vision, 

‘amblyopia’, strabismus, optic atrophy, or nystagmus. Most are commonly associated with 

neurofibromatosis type I. The visual loss in patients with chiasmal gliomas is typically slow, 

presenting as gradual progressive loss of vision and proptosis. Patients with glioma may have quite 

substantial optic disc swelling and retain good vision. About half are confined to the orbit; the 

remainder have intracranial extension.20 MRI will show enlargement of the optic nerve tissue. Lesions 

on T1-weighted MRI are usually iso-intense to hypo-intense and the T2-weighted MRI is hyper-

intense. The tumour usually enhances but not to the degree typical of meningiomas 19. 

 

Malignant glioma of adulthood is uncommon. In contrast to gliomas in childhood, these patients 

present with rapidly progressive unilateral or bilateral visual loss. Significant enhancement of the optic 

nerve after gadolinium infusion may indicate the presence of optic nerve glioma.  Even with 

aggressive radiation therapy there is invariable, rapid, spread of tumour intracranially and death 

occurs within months 19.  
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Chapter 4 

Anterior Ischaemic Optic Neuropathy 
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4.1 Non-arteritic anterior ischaemic optic neuropathy 

Non-arteritic anterior ischaemic optic neuropathy (NAION) is the most common acute optic 

neuropathy in people aged 50 years and over. The condition is estimated to affect between 2.3 and 

10.3 people per 100 000 individuals per year.21,22 Affected individuals are typically between 60 and 70 

years of age although the condition is not uncommon in younger patients.23,24 NAION is 

predominately a disease of Caucasian people who account for nearly 95% of cases.  

 

Risk Factors 
Small cup-to-disc ratio 

Approximately 97% of people who develop NAION have a small optic disc with a small or absent 

physiological cup, a so-called ‘disc-at-risk’.6, 12 It is believed that crowding at the level of the lamina 

cribrosa predisposes to a compartment syndrome phenomenon whereby axoplasmic stasis and 

oedema following a microvascular ischaemic event leads to further ischaemia through compression of 

capillaries among nerve fibre bundles due to crowding of the optic nerve head.7 

 
Cardiovascular risk factors 

Epidemiological studies have evaluated potential associations between NAION and diseases that are 

associated with cardiovascular disease. Diabetes mellitus is a major risk factor the development of 

NAION 13 and is present in nearly 1 in 4 patients.14 The relationship between other diseases and 

NAION is less clear.25,26,27 Hypertension may be a risk factor for the development of NAION in 

younger patients. However, other studies have found no statistically significant difference in the 

prevalence of hypertension between patients with NAION and age-matched controls.24 There have 

also been conflicting reports on whether ischaemic heart disease, cerebrovascular disease, and 

dyslipidaemia are associated with increased rates of NAION. Like hypertension, dyslipidaemia has 

been found to be associated with NAION in younger patients.28,29 

 
Other 

1.  Prolonged surgical procedures, blood loss, and hypotension 

NAION may complicate prolonged surgical procedures such as spinal or cardiac bypass surgery. In 

these settings NAION is frequently bilateral and simultaneous and results from a combination of 

hypovolaemia, hypotension, haemodilution, face-down positioning, and pre-existing cardiovascular 

disease.  

2. Obstructive sleep apnoea 

3.  Medications 

Two medications have been implicated in the development of NAION – PDE5 inhibitors and 

interferon-alpha.  

4. Cataract surgery  
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Patients who develop NAION following cataract extraction in one eye are at a significantly greater risk 

of developing NAION in the fellow eye if cataract extraction is subsequently performed in that eye.30 

It has been reported that the risk of NAION in the second eye may be as high as 50% if the first eye 

developed NAION after cataract extraction.31 

5. Genetic predisposition 

There have been reports of familial NAION suggesting that genetic factors may be involved in the 

development of NAION.32 

  

Pathophysiology 
The exact pathophysiology of NAION is unclear. Histopathological studies have shown that the site of 

infarction is located in the retrolaminar portion of the optic nerve head which is supplied by the short 

posterior ciliary arteries (SPCAs). It is hypothesised that a reduction in blood flow results from a 

combination of nocturnal hypotension, impaired autoregulation of the microvascular supply, 

vasculopathic occlusion, and venous insufficiency.33 These factors result in axonal oedema causing  a 

compartment syndrome in a structurally crowded optic disc 7 leading to axonal degeneration and loss 

of retinal ganglion cells via apoptosis. A new emerging theory is that NAION results from venous 

insufficiency secondary to closure of the tributary venules that receive blood from the optic nerve 

capillaries and drain into the central retinal vein.34 

 

Clinical Features 
The classic presentation is of sudden, painless, unilateral visual loss, frequently noticed on awakening 

from sleep. In over two-thirds of patients visual loss is noticed on awakening from sleep, or at the 

first opportunity to use vision critically after sleeping, suggesting that nocturnal arterial hypotension 

may play an important role.35 

 

On clinical examination visual acuity in the affected eye may vary widely, however, no light 

perception is uncommon in NAION. In the Ischaemic Optic Neuropathy Decompression Trial (IONDT) 

49% of patients on presentation had a visual acuity of better than 6/21 while 34% of patients had a 

visual acuity of 6/60 or worse.36 In a study of the natural history of NAION the visual acuity at 

presentation was normal or near normal (6/5 to 6/9) in approximately 50% of patients. Therefore the 

presence of normal visual acuity does not rule out NAION.37 

 

There is often an acquired dyschromotopsia which is proportional to the reduction in visual acuity. 

The most common visual field defect is a relative inferior altitudinal defect, however NAION may be 

associated with any pattern of visual field loss. Provided the contralateral eye is normal there will be a 

relative afferent pupillary defect (RAPD).38 
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The classic finding on fundoscopy is that of a hyperaemic disc with segmental disc swelling; however. 

Typically, the unaffected eye has a small or absent physiological cup reflecting a ‘disc-at-risk’.  

 

Optic Nerve Appearance 
Over 6 to 12 weeks the optic disc swelling subsides leaving a pale and atrophic optic disc.  
 

4.2 Arteritic Anterior Ischaemic Optic Neuropathy  

 

AAION is the most common ocular manifestation in GCA, responsible for 78-99% of visual loss.39, 40  

Patients typically present with sudden, painless and profound unilateral visual loss; however bilateral 

involvement may occur over hours to days, usually in the setting of delayed diagnosis.23,38 

On examination there is usually profound visual loss. In 60-80% of patients visual acuity in the 

affected eye is less than 6/60 and 20% have no light perception.  The classic finding on fundoscopy is 

a pale ‘chalky white’ swollen optic nerve head. Nerve fibre layer haemorrhages are not uncommon. 

There may be cotton wool spots and an associated cilioretinal artery occlusion in up to 21% of cases. 

Involvement of the short posterior ciliary arteries results in infarction of the laminar or retrolaminar 

portion of the optic nerve head.41 This is followed by progressive liquefaction of the retrolaminar optic 

nerve head over 4 to 8 weeks leading to fibrosis by 4 months. These optic nerve head changes are 

associated with retrograde degeneration of retinal ganglion cell bodies in the retina with preservation 

of the other retinal layers and anterograde degeneration in the optic chiasm resulting in axonal loss 

and demyelination.42 Serial examination of the optic nerve head reveals significant excavation and 

enlargement of the optic cup following AAION secondary to GCA. The end-stage optic disc 

appearance is a pale and cupped optic nerve head. 

AAION is at times difficult to distinguish from nonarteritic anterior ischaemic optic neuropathy 

(NAION).  AAION patients may have other systemic features of GCA, and are usually older with more 

severe visual loss.  While bilateral simultaneous AAION is common, NAION is generally unilateral or 

affects eyes sequentially.  Ophthalmoscopic findings also differ, with a hyperemic optic disc swelling 

in NAION patients rather than the pale swelling seen in AAION.  While cupping and pallor of the optic 

nerve head occurs in the majority of AAION patients following resolution of the optic disc swelling, 

only segmental pallor but no cupping is evident in NAION.43 

 

Association w ith Giant cell arterit is 

Giant cell arteritis (GCA), also known as temporal arteritis or granulomatous arteritis, is a systemic 

inflammatory vasculitis that affects medium- to large-sized arteries.  Arterial wall inflammation leads 

to luminal occlusion and tissue ischaemia, which cause the clinical manifestations of this vasculitis.  
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Susceptible sites include: the vascular bed of the cranial nerves, the optic nerve, the masseter 

muscles, and the posterior circulation of the central nervous system.  Involvement can extend to the 

aorta and its primary and secondary branches, including the subclavian and axillary arteries, which 

lead to upper-extremity ischaemia.   

A closely related entity, polymyalgia rheumatica, is a systemic inflammatory disease which manifests 

as myalgias of the neck, shoulder, and pelvic girdle. Giant-cell arteritis and polymyalgia rheumatica 

frequently occur together in the same patient. Whereas the diagnosis of giant-cell arteritis can be 

proven by temporal artery biopsy, no pathognomonic test is currently available for polymyalgia 

rheumatica. 

Vision loss is a frequent complication of GCA, and once it occurs it tends to be both permanent and 

profound.  This is typically the result of arteritic anterior ischaemic optic neuropathy (AAION), an 

infarction of the optic nerve head secondary to inflammation of the wall of the posterior ciliary 

arteries.  

 

Clinical Features  

GCA has a wide spectrum of clinical manifestations related to either tissue ischaemia from vascular 

lesions, or systemic inflammation.  

1. Headaches that are new and severe are thus common in two-thirds of patients.  Their 

location is characteristically temporal, although may be frontal, parietal, or occipital.  

2. Scalp tenderness, or direct temporal artery tenderness.  

3. Jaw claudication, related to reduced blood flow to the masseter and temporalis muscles. 

4. Systemic Constitutional Symptoms: fever of unknown origin, night sweats, anorexia and 

progressive weight loss.  

5. Polymyalgia Rheumatica symptoms: typically characterised by bilaterally severe aching pain 

and morning stiffness in the neck, shoulder and pelvic girdles.  The shoulders are more 

frequently involved than the neck and pelvis and morning stiffness usually lasts 30 minutes or 

longer.  

6. Neurological involvement occur in about 30% of patients, of which 14% consist of 

neuropathies, including mononeuropathies and peripheral polyneuropathies of the upper or 

lower extremities.44 The occulomotor (III) nerve is thought to be most commonly involved, 

often sparing the pupil, however involvement of the trochlear (IV) and abducens (VI) nerves 

has been reported.45 Less common (3-4%) are transient ischaemic attacks, and strokes cause 

by severe obstruction or occlusion of the internal carotid or vertebral arteries.46 

7. Visual loss: The ocular signs and symptoms of GCA are critical to recognize because, if left 

untreated, can lead to irrevocable blindness. Ocular involvement without the presence of 

other GCA symptoms, or occult GCA, occurs in between 5 to 38% of cases and thus must be 
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included in the differential diagnosis of an elderly patient with transient or permanent visual 

loss or diplopia, even when the patient has no other tissue ischaemia or systemic 

symptoms.39 

 

Permanent visual loss, which is usually severe and can be bilateral in up to one-third of patients, is 

typically the result of ischaemic optic neuropathy, retinal or choroidal ischaemia, or rarely occipital 

infarction.47 

 

Pathogenesis  

While the exact etiology of GCA is unknown, a variety of infectious agents have been suggested as 

potential immune triggers for the disease, including herpesvirus, parainfluenza virus , 

cytomegalovirus, parvovirus B19,  chlamydia and mycoplasma.  There is little doubt that immune-

mediated processes factor in the pathogenesis of GCA, and both the adaptive and innate immune 

systems have been implicated.48,49,50 

Histologically GCA is characterised by granulomatous inflammation affecting all layers of medium- and 

large-sized arteries that have an internal elastic lamina.  The inflammatory infiltrate is composed of 

activated CD4+ T cells, macrophages, and giant cells.  Though not necessary for a diagnosis of GCA, 

when present, multinucleated giant cells are usually close to a fragmented internal elastic lamina.  

Luminal stenosis or occlusion may be visualised due to intimal hyperplasia and subsequent mural 

thickening secondary to myofibroblast migration and proliferation. The disease has a varied temporal 

and spatial course, thus segments of uninvolved regions adjacent to areas of inflammation, or “skip 

lesions”, are common.   

 

Diagnosis 

Laboratory Tests 

1. Erythrocyte sedimentation rate (ESR) 

While a significant elevation of the ESR is often present in GCA, it may be ‘normal’ in up to 17% of 

diagnosed cases, and thus cannot be used to exclude GCA.51 The upper limit for a normal ESR is 

thought to increase with age and has been defined as the age divided by two for men, and the age 

plus 10 divided by 2 for women. In the majority of GCA cases with ESR elevation, it can be used 

accurately to monitor disease activity.  
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2. C-reactive protein (CRP)  

CRP is an acute-phase protein released by hepatocytes in response to inflammation.  An elevated CRP 

has a specificity of up to 97.5% in GCA cases, and may be elevated in the presence of a normal ESR. 

While it is more sensitive than an elevated ESR (76-86%), when both tests are used in conjunction, 

the sensitivity is increased to over 99%.52 

 

3. Full blood count (FBC) 

Thrombocytosis has been positively correlated with biopsy-proven GCA and remains an important 

marker for GCA. In fact, an elevated platelet count (>400 x 103/L) may be even more specific than 

both erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) in the diagnosis of GCA.  

Approximately 20-50% of patients with GCA will also have a normocytic normochromic anaemia.53 

 

Temporal artery biopsy 

Temporal artery biopsy (TAB) is the gold standard for the diagnosis of GCA and should be performed 

on all patients in whom the diagnosis of GCA suspected.  Histological confirmation is recommended 

since long-term corticosteroid treatment is not without its inherent complications. Optimally, it should 

be performed within a week of initiating systemic corticosteroids, however histological evidence 

remains up to six weeks following treatment.  

To avoid a false negative result due to skip lesions a minimum length of 20mm should be obtained. 

Overall the sensitivity of TAB is 87%.  If the TAB result is negative and the suspicion of GCA is high, a 

contralateral TAB should be performed.54 
 

Treatment 

The goal of treatment is to prevent on-going ischaemic damage to other organs in the body.  In 

particular, if the visual loss is the major symptom, the aim is to halt the progression of visual loss in 

the affected eye and prevent involvement of the contralateral eye. Systemic corticosteroids are the 

mainstay of treatment.  It is thought that high-dose corticosteroid treatment provides antioxidant and 

vasodilatory effects on top of their anti-inflammatory effects. Despite this, it is well recognised that 

progressive visual loss may occur despite the early institution of high-dose corticosteroid treatment.  

There is no consensus on the correct dose or route of administration of corticosteroids. (REFS) 

 

Prognosis 

Causes of mortality associated with GCA include cardiovascular, neurological and gastrointestinal 

events.  Vasculitis of the coronary arteries may result in myocardial infarction or congestive heart 
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failure. Ischaemic brain damage is the second most common cause of GCA-related death after cardiac 

disease. This may occur by either inflammatory obstruction of the vertebrobasilar or carotid arterial 

systems, embolism or propagation of thrombus from inflamed arteries to uninflamed brain arteries.  

Necrotizing segments of bowl are uncommon, but can also be fatal.  (REFS) 

The prognosis for visual recovery is poor following GCA.  Although improvement in visual acuity has 

been reported in a small minority of patients, this is likely secondary to eccentric fixation or learning 

curve rather than true improvement in useful vision.  Furthermore, visual deterioration occurs in 

approximately 27% of eyes despite high-dose IV methylprednisolone.38 The greatest risk of visual 

deterioration is in the first 6 days.  However, treatment with intravenous corticosteroids is effective in 

reducing the likelihood of fellow eye involvement.32 Without treatment the risk of fellow eye 

involvement is estimated at 54-95%.55 

 
Table 4.1: Comparison of NAION and other common optic neuropathies 

 NAION 

 

 

AAION Compressive 

optic neuropathy 

Optic neuritis 

Patient 
Demographics 

40-60 year  60 years of age or 
older 

 any age Typically occurs in patients 18 
to 45 years of age 

Symptoms Sudden monocular 
visual loss 
 
 

Sudden painless visual 
loss 
 
Initially unilateral but 
may rapidly become 
bilateral 
 
May be preceded by 
amaurosis fugax 
Symptoms of giant cell 
arteritis 

Slowly progressive 
visual loss 

Loss of vision over hours to 
days 
 
Pain on eye movement 
 
Focal neurologic symptoms 
Symptoms may be worse with 
exercise or increased body 
temperature 

Signs Variable visual loss 
 
Reduced colour 
vision 
 
Visual field defect 
(typically inferior 
altitudinal) 
 
Diffuse or 
segmental disc 
swelling 
 
Flame-shaped 
haemorrhages 
 
Small or absent 
physiological cup 
in the fellow eye 

Profound visual loss 
 
Pale (‘chalky white’) 
optic disc swelling 
 
Flame-shaped 
haemorrhages 
 
Progressive cupping 
following resolution of 
oedema 

Reduced visual 
acuity 
 
Central visual field 
defect 
 
Normal, swollen, or 
pale optic disc 
 
Small choroidal-
retinal shunt vessels 
around the optic disc 
Proptosis 

Subtle to profound visual loss 
 
Decreased colour vision 
 
Visual field defects 
 
Optic disc swelling (more 
common in children) 
 
Normal optic disc (more 
common in adults) 
Posterior vitreous cells 
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Overview 

Three morphologic characteristics of the optic nerve head are fundamental indicators of optic nerve 

health and disease: pallor, swelling and excavation.  Equally important in assessing the health of the 

optic nerve is the evaluation of the peripapillary retinal nerve fibre layer (RNFL) for features such as 

thickness, focal defects and haemorrhages. These characteristics are graded during the diagnosis of 

optic neuropathies and when monitoring the progression and evolution of optic nerve disease. Until 

recently these evaluations were performed clinically and qualitatively by ophthalmoscopy or by 

examining and comparing stereoscopic fundus photographs and red-free images (for RNFL).  

However, these non-quantitative methods require subjective interpretation. In the past decade, new 

technologies have been developed for imaging the optic disc and retina that provide objective 

quantitative estimates of these morphologic features.  

 

Three major technologies for imaging the optic disc and retina are available: 1) confocal scanning 

laser tomography (CSLT) with the Heidelberg retinal tomograph (Heidelberg Engineering GmbH, 

Dossenheim, Germany); 2) confocal scanning laser polarimetry  with the GDx (developed by Laser 

Diagnostic Technologies, now part of Carl Zeiss Meditec Inc., Dublin, CA); and 3) optical coherence 

tomography (OCT) Carl Zeiss Meditec Inc.). Each uses different principles of physics to achieve the 

goal of producing objective, quantitative and reproducible images of the optic disc, RNFL, and macula 

along with an analysis of morphologic features. 

Development of these technologies was largely motivated by the need for a more objective measure 

of optic disc structure in glaucoma or suspected-glaucoma patients. However, these new imaging 

technologies are now being used in the evaluation of non-glaucomatous optic nerve disorders, 

including non-glaucomatous optic neuropathies that cause disc excavation, swelling, or pallor.  
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Chapter 5 

Optical Coherence Tomography 
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5.1 Principles of Optical Coherence Tomography 

Optical coherence tomography (OCT)1 is a non-invasive imaging technique that uses laser light to 

acquire high resolution, cross-sectional, in vivo measurements of the posterior ocular structures, 

including: the retinal nerve fibre layer (RNFL), macula and the optic disc. It is analogous to B-scan 

ultrasonography except that OCT utilises a laser-generated beam of light rather than sound waves. 

Early models (OCT1 and OCT2, Carl Zeiss Meditec, Dublin, CA, USA) produced axial resolution of 12–

15µm. The StratusOCT model (Humphrey Instruments, Dublin, CA, USA) is the latest commercial 

model of the conventional time-domain OCT, which scans four times more rapidly than its 

predecessors. The spectral domain, or Fourier domain, OCT is the most recent commercial OCT 

model and uses a spectrometer as detector of OCT signal or by varying the (narrowband) wavelength 

of the light source in time.2  

The OCT contains a fibre optic Michelson interferometer that resolves the retinal structures by 

measuring the time-of-light delay of the light reflected and back scattered from different layers in the 

retina. This low coherent (a wide range of wavelengths) beam of light in the near infrared end of the 

spectrum, 800–1400 nm, is generated from a super luminescent diode. It travels through a 50/50 

coupler, which separates the output into two arms. One interferometer arm leads to the tissue 

sample, whereas the other leads to the reference mirror (in time domain OCT). The mirror is moved 

by an examiner to receive a clear image. Then the light is scanned across the tissue sample. The 

reflections from the two arms are then combined at the 50/50 coupler, and an interference signal is 

produced. The interference signal is detected by a photo detector when the reflections from the 

sample and reference arm are approximately coherent. From the known path length of the reference 

mirror the path length of the sample arm is calculated. Thus, the delay information is used to 

determine the longitudinal location of the reflection sites. The axial scan, A-scans (axial scans) of the 

retina are then formed from measurements of the amplitude of the reflection on a decibel scale as a 

function of the depth in microns. Digital processing aligns the A-scans to correct for eye motion, and 

digital smoothing techniques are used to further improve signal-to-noise ratio. An automated 

segmentation algorithm, based on reflectivity changes between adjacent retinal layers, calculates the 

retinal nerve fibre layer (RNFL) thickness, macula thickness and optic nerve head parameters.3   

The images are then presented in pseudo-colour corresponding to the optical reflectivity of tissue 

interfaces. Darker colours such as blue or black represent regions of little optical reflectivity such as 

nuclear layers. However, brighter colours such as red and white represent high reflectivity such as 

nerve fibre layer and plexiform layers. 
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The retinal pigment epithelium (RPE) and choriocapillaris is a highly reflective layer. This layer 

typically serves as the posterior boundary for the measurement of neurosensory retinal thickness. 

Anterior to the RPE/choriocapillaris band, a darker (less reflective) band corresponds to photoreceptor 

outer segments. Middle retinal layers exhibit moderate reflectivity. The vitreoretinal interface is 

defined by the contrast of the non-reflective vitreous against the more reflective retinal structures. 

Blood vessels both within the retina and the choroid produce shadowing effects as they are highly 

light-scattering and they attenuate the signal for deeper structures.  

5.2 Retinal Nerve Fibre Layer 

For the RNFL analysis, the StratusOCT software uses edge detection algorithm to automatically 

differentiate the retinal microstructures of the RNFL.4,5 The OCT is displayed ‘‘unwrapped’’ as a linear 

TSNIT image. The RNFL in these images appears as a highly reflective red layer just inside the 

vitreoretinal interface, which is assumed to be its anterior boundary. The posterior boundary of the 

RNFL is determined to be the depth at which the signal intensity of the optical backscattering crosses 

a set threshold level. Computer algorithms can determine these points and plot nerve fibre layer 

thickness from these images.6 

The OCT displays RNFL thickness as a graph against position around the optic disc. An average RNFL 

thickness around the entire disc is calculated. The analysis also produces average values of RNFL 

thickness in each of the four quadrants around the disc and for each of the twelve 30 µm clock hour 

sectors. A normative, age-adjusted database is provided for comparison.  Each average value is 

classified as normal, borderline, or abnormal based on comparison with a normative database, with 

normal and glaucomatous cases distributed by age.7 The thickness of the RNFL varies around the 

optic disc and is graphed as a ‘double hump’.   

OCT has been shown to correlate positively with ex vivo histologic measurements of the retina.8,9   

Although the pattern of the RNFL thickness measured by OCT resembles that obtained histologically, 

the actual measurements differ by 10–40µm. This discrepancy has been attributed to the 

identification of the RNFL by staining techniques versus optical reflectance.  

5.3 Macular scans 

Macular scans are composed of six radial scans in a spoke-like pattern centred on the fovea at 30 

degree intervals. Interpolation is used to fill the gaps between the scans.  

 Normal central macular thickness measures 147 +/- 17 µm. The fovea is identified by its 

characteristic central depression. 
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5.4 Optic Nerve Head Scans (ONH)  

ONH scans are composed of six radial scans in a spoke-like pattern centred on the ONH at 30 degree 

intervals. Interpolation is used to fill the gaps between the scans. The outer disc margin is defined as 

the end of the retinal pigment epithelium/choriocapillaris layer on each side of the disc along the six 

radial scans. A straight line connects the edges of the retinal pigment epithelium/choriocapillaris, and 

a parallel line is constructed 150 µm anteriorly.  The vitreoretinal interface over the disc, which is the 

boundary between the poorly reflective vitreous and the highly reflective nerve fibre layer, defines the 

surface of the disc and outlines its contour. Structures below this line are defined as the disc cup and 

above this line as the neuroretinal rim.10 

Optic disc diameter, cup size (volume, area, or diameter), and area or width of the neuroretinal rim 

can be calculated from these data using pre-determined algorithms. However, the contour of the 

optic disc must be inspected and confirmed by the operator. The disc diameter at a given axis is then 

the distance between margins on opposite sides of the disc. The edge or boundary of the cup is 

estimated by constructing a line parallel, but anterior, to the line defining the disc diameter. This line 

is offset anteriorly by a standard amount and the points where it intersects the surface of the disc are 

defined as the edge of the cup. Similar lines at multiple axes define the entire contour of the cup.  

5. 5 Factors that Affect OCT scanning 

1. Scan centration: Scan centering or displacement on the optic disc is a crucial factor and can 

significantly affect quadrant thicknesses but the average RNFL is not as significantly  

affected.11,12    

2. Signal strength: Although the OCT manual recommends a minimal signal of 5, there has not 

been a consensus as to what strength is ‘adequate’, however, the majority of the studies 

require signal strength of 7.  

3. Pupil dilation: While most patients undergo OCT testing after they have been dilated, studies 

have shown that pupil size is actually an insignificant factor, especially if at least 3mm.13   

4. Lens opacities: Lens opacities may underestimate RNFL thickness by 12%, with a direct 

correlation between the cataract grade and the error.  

5. Contact lenses: OCT scans in patients with long- standing contact leans wear have been 

shown to significantly underestimated RNFL measurements, which were attributed to 

underlying corneal swelling affecting optical reflectance. 
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5.6 Time Domain OCT vs Spectral Domain OCT 

Stratus OCT 3000 (Carl Zeiss Meditec, Dublin, CA) is a third-generation model based on time domain 

technology. It has the capacity to record a series of 128 1024 A-scan images within two seconds. A 

series of successive A-scans are then combined into one image (a so-called ‘‘B-scan’’) with a 

resolution of approximately 10 mm vertically and 20 mm horizontally.14 Multiple studies support the 

reproducibility of RNFL thickness using Stratus OCT in normal eyes, glaucoma, and various types of 

nonglaucomatous optic neuropathies.15,16,17,18,19,20,21 Stratus OCT has a published sensitivity between 

75-85% and specificity of 80-98% for glaucoma, depending on severity of disease.22,23,24 

Spectral domain OCT (Fourier domain) 

New high-definition spectral OCT has recently replaced time-domain technology. The difference 

between spectral domain and time-domain technology is that with spectral domain OCT an adjustable 

reference mirror is not used to identify reflectivity changes between retinal layers in each A-scan one 

at a time.  In spectral domain OCT the reference mirror is stationary, and the OCT signal is acquired 

by using a spectrometer as detector or by varying the (narrowband) wavelength of the light source in 

time.  Spectral domain OCT increases the image acquisition speed up to 18,000–40,000 A-scans per 

second, reducing the vulnerability to involuntary eye movement artifacts, and permitting a denser 

sampling of the tissue.  Hence, spectral-domain OCT provides faster scanning speeds than previous 

time-domain OCT as well as greater data collection. Cirrus OCT, a spectral domain OCT, offers an 

axial resolution of 5- 6 µm. The higher sampling rates of the newer OCTs allow more data to be 

collected and shorter scan times.  

Signal Strength 

The OCT software assigns each scan a quality indicator score known as signal strength from 1 to 10. 

This score is based on a combination of signal-to-noise ratio and the uniformity of the signal strength 

within a scan.  In most studies, the accepted minimum signal-to-noise ratio is 6.25 The Stratus OCT 

achieves this in most studies ranging between 65-85% of the time.26,27,28  while the Cirrus generally 

generates a score of greater than 6 in 90% of cases.26 Various factors can influence signal strength 

between the OCTs such as pupillary dilation28 and ocular media transparency.13 The Stratus OCT 

manufacturer suggests that 3-mm pupillary dilation is needed. However, because the Cirrus OCT uses 

a line scanning ophthalmoscope with a 750-nm super luminescent diode as a light source, the quality 

of the captured images may be better than those with Stratus OCT.  
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Retinal Nerve Fibre Layer Measurements 

Numerous studies have demonstrated that Cirrus RNFL measurements correlate well with those from 

Stratus OCT.29,26,30 However, the mean RNFL thickness is generally greater when measured by the 

Cirrus OCT compared with Stratus OCT. Studies that have compared the diagnostic capacity of the 

Stratus OCT and Cirrhus OCT have found that the sensitivity and specificity of the global average 

RNFL were similar in both instruments, and the AUC comparison between them was not significantly 

different.26 The quantitative and qualitative agreements between both OCTs were better in the 

quadrants than in the clock hour positions, with the best agreement in global average RNFL 

thickness.26 

When measuring the mean RNFL thickness, scan position is less important with Cirrhus because any 

decentring superiorly that would cause the superior RNFL quadrant measurement to be artificially thin 

(since RNFL thickness declines with increasing distance from the optic disc) is offset by the increase 

in RNFL thickness that occurs inferiorly by virtue of being closer to the optic disc rim. Thus, the mean 

RNFL thickness would be expected to be very similar between eyes despite slight decentration.  

However, by identifying the geometric centre of the optic disc and extracting the same 3.4 µm scan 

circle every time the Cirrhus OCT minimises this limitation.  In actuality the difference between right 

and left eyes in the quadrant and clock-hour is no less with Cirrus than Stratus.31,32  

Symmetry between RNFL in normal eyes 

The normal upper limit of right eye/left eye differences in mean RNFL thickness measured with 

Stratus OCT is between approximately 9 and 12 µm.  When one expands this to measurements of 

RNFL thicknesses in quadrants and clock hours, the differences between eyes are much higher. The 

larger differences in quadrant and clock hour measurements may be explained by test-retest 

variability or the position of the scan circle and some degree of misalignment is inevitable.33  
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Chapter 6 

Scanning Laser Ophthalmoscopy 
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6.1 Principles 

The Heidelberg retinal tomography (HRT, Heidelberg Engineering, Heidelberg, Germany) is a confocal 

scanning laser ophthalmoscope  (CSLO) used to quantify optic disc topography and peripapillary RNFL 

thickness.  Although several confocal scanning systems were initially designed, the HRT is the most 

commonly used.  The HRT uses a small diameter low-intensity diode laser (wavelength, 670 nm) and 

a confocal imaging system laser to obtain a series of two-dimensional optical section images of the 

optic nerve head (ONH) and peripapillary retina. The laser beam rapidly scans the retinal surface 
horizontally and vertically. The light reflected back from each illuminated point passes through a small 

aperture (pinhole diaphragm) that is positioned so that the focal plane of the retina and the focal 

plane of the light sensor are optically conjugate. This optical design ensures that only light from the 

retinal plane being scanned is focused on the detector, whereas scattered light and reflected light 

originating from planes that are out of focus do not enter the detector.34 

A series of axial images spanning the anterior portion of the optic nerve head to the retro laminar 

portion is acquired, with each image at the same focal plane and equidistant to one another.  These 

two-dimensional transverse images are digitally stacked into a three-dimensional profile from which 

topographical parameters are computed.  The intensity of reflected light for each pixel in every image 

is plotted against the z-axis, with maximum intensity at the highly reflective retinal surface. 

Consequently, surface height is represented by the position of maximum intensity along the z-axis.  

Topographical images are constructed from these height measurements, with dark and light colours 

representing elevated and depressed features, respectively.  These images are also superimposed 

with a 16x16 grid annotated with the mean surface height for each square.  In addition, reflectance 

images are also complied based on the overall intensity of reflected light through the z-stack.   A 

three dimensional topographic image of the ONH surface is then built from the series of 16–64 serial 

optical sections.35 

The calculation of stereometric parameters is dependent on the position of several standardized 

points.  With a circle 2.5mm in diameter, the optic disc margin is defined by an operator as the inner 

margin of the peripapillary scleral ring of the anterior scleral canal opening.  In addition, a reference 

plane parallel and 50 µm posterior to the mean height of the papillomacular bundle surface in the 

temporal segment between 350-356° is computed.  As the reference plane intersects the surface 

contour of the disc, all structures between the reference plane and the underlying disc surface are 

considered to belong to the optic cup (red) and all structures above the reference plane and within 

the contour line defining the disc margin are considered to belong to neuroretinal rim (blue).  

The software automatically calculates a series of ‘‘stereometric’’ values, including disc area, cup area, 

cup depth, cup volume, rim area, rim volume, linear cup-to-disc ratio, and cup-to disc area ratio.  

Measures independent of the reference plane are mean and maximum cup depth. The software also 

makes use of the stereometric measures to calculate a ‘‘cup shape measure’’.  Significant changes in 
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the stereometric measures, obtained serially over time, are used to monitor progression of disease. 

To estimate RNFL thickness the HRT software measures the retinal height along a contour 

surrounding the disc and subtracts the height of the reference plane. This is shown graphically as a 

graph of contour line height against angular position around the disc circumference. Thus, the HRT 

measures surface topography (elevation) directly and only estimates RNFL thickness indirectly. The 

software also calculates a mean RNFL thickness and RNFL cross-sectional area. Image accuracy is 

improved when three data sets (each representing one complete three-dimensional image) are 

averaged to produce a mean topographic image.  The field of view is fixed at 15 by 15 µm and the 

spatial resolution is 10 mm per pixel. The precise calculation of disc and RNFL thickness parameters is 

heavily dependent on the computed reference plane and operator-defined disc margin; it is 

imperative these standardized points are set in the correct position.  

The normative database is largely comprised of Caucasian eyes, however, the establishment and 

implementation of ethnicity-specific databases may improve the diagnostic power of data obtained 

using HRT.   The mean standard deviation for individual pixels in glaucoma and normal eyes is 

approximately 30 µm and 25 µm, respectively.36,37 Individual pixel variability is related to the 

steepness of the surface being highest at the edge of the optic disc cup and along vessels.  Variability 

also varies by region around the optic disc. The quality and variability of the images are also 

influenced by pupil size and density of cataracts.38,35 In addition, HRT measurements are influenced 

by acute changes in intraocular pressure and even the cardiac cycle.39,40,41 Algorithms are used to find 

the surface at each of 256 X 256 (HRT I) or 384_384 (HRT II) pixels over a 10 or 15 degree field of 

view. 

6.2 Heidelberg Retinal Tomograph-1 (HRT-1) 

The HRT 1 scans images at 16- 32 levels.  The HRT-1 obtains scans using three field size settings: 

10° x 10°, 15° x 15°, or 20° x 20° centered on the optic disc. The resolution at any of these settings 

is 256 x 256 pixels. Thus, pixel size for the HRT varies from 10 to 26 µm per pixel depending on the 

scan area used. Overall sensitivities of 62–87%, and specificities from 80 to 96%, have been 

reported.42,43,44,45,46,34 The  HRT-1  requires a skilled operator to outline the anterior scleral canal 

opening.  Many of the quantitative measurements are derived from the contour line placement, 

thereby inducing measurement variability.47 Furthermore, the calculations of the reference plane and 

stereometric parameters are dependent upon this delineation.  In addition, the HRT-1 does not have 

a linear discriminating calculation which incorporates disc size or age.48 Opacities of the cornea and 

lens limit data quality, as does involuntary movements of the eye, both physiological and 

pathological.  Nystagmus may lead to incomplete scanning of the entire area of interest and omission 

of localized pathological features.  

 



 

58 
 

6.3 Heidelberg Retinal Tomograph-2 (HRT-2) 

The HRT-2 provides improvements in image acquisition.  It is set to measure a scan of  15° providing 

automation of this step as well as a larger field of view to aid in centration of the optic disc and 

retinal nerve fibre layer. The HRT-2 also uses a higher resolution of 384 x 384 pixels.   It acquires 

reflectance images using 16-64 imaging planes to a depth of 4mm. The number of optical sections 

are combined to develop a 3-D map. 

With prior versions of the HRT system, the fine focus and scan depth had to be adjusted manually. 

This process has been fully automated with the HRT-2. However, the quality of the image still 

depends on the ability of the technician and requires training and experience.  

Another improvement that was developed in the HRT-2 was the Moorfields Eye Hospital regression 

analysis which improved the diagnostic accuracy by taking into consideration the effect of disc area 

and age on neuroretinal rim area.  This has improved the level of accuracy in terms of identifying 

glaucomatous optic nerve head changes.49 

In addition to the topographic measurements, the HRT-2 provides linear discriminant analysis 

methods that weigh individual predictor variables (such as the global and sectorial topographic 

indices) according to their relative importance and combine these to produce a linear discrimant 

function to distinguish normals from glaucomatous optic nerve heads.48 

One of the the limitations of the Moorfields regression analysis in the HRT-2 is that the normative 

database that defines the normal range contains only subjects with European ancestry and with a 

limited range of disc areas. In addition, a trained operator is still required to delineate the border of 

the optic disc. 

6.4 Heidelberg Retinal Tomograph-3 (HRT-3) 

The HRT-3 has addressed a number of the disadvantages of the HRT-2 software.  There is an 

expanded normative database, which includes subjects of European, African and Indian Ancestry. The 

HRT-3 provides an automated optic nerve head analysis that does not require operator placement of 

the contour line. Instead, stereometric parameters are derived by applying mathematical modelling of 

the shape of the optic nerve head.50 This has had some impact upon the results of the stereometric 

parameters when comparing HRT-2 and 3. Indeed, the optic disc measurement, cup area and disc 

area are significantly smaller with the HRT-3.51 

The agreement between HRT-2 and HRT-3 Moorfields Regression Analysis classification has been 

shown to be strong. A notable difference is that the HRT-3 shows a consistent trend of more 

advanced damage compared to the HRT-2.52 
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The diagnostic ability of the different generations of HRT have been evaluated by several studies. In 

general, three methods have been used: (i) linear discriminant functions;43,34 (ii) comparison of one 

(or more) stereometric parameters to normative database (the Moorfields Regression Analysis); (iii) 

use of computer assisted classification such as neural networks.53,54 All of these methods use various 

HRT parameters (global or sectorial) as inputs to discriminate between glaucomatous and  normal 

eyes.  Studies have also shown some improved discriminatory ability of the HRT3 compared to the 

HRT 2.55,56,57 
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Chapter 7 

Scanning Laser Polarimetry 



 

61 
 

 

7.1 Principles of Scanning Laser Polarimetry (GDx) 

 

Scanning laser polarimetry (SLP) estimates the thickness of the peripapillary RNFL based on the 

retardation of polarised light.  Because the axonal microtubules of the RNFL are arranged in a parallel 

architecture they demonstrate form birefringence, which generates a net retardation of light.  As 

polarised light from a 780nm laser source passes through the RNFL and is reflected, a phase shift in 

polarization occurs.  The extent of this retardation is directly proportional to the thickness of the 

RNFL, and signal detected is limited to that from the same focal plane. Retardation values are 

converted into RNFL thickness measurements at every pixel of the acquired image, with 1° of 

retardation corresponding to 7.4um of RNFL thickness. The optic disc margin is defined by a 

computed and operator-validated circle 3.2mm in diameter, on which the calculation of RNFL 

thickness parameters is based.58  Images are acquired via a polarised laser beam that scans the 

peripapillary retina circumferentially around the sclera canal opening. The backscattered light double 

passes through the RNFL and is then captured and analysed. The amount of retardation is calculated 

per pixel and displayed in retardation map of the scanned area.  

 

Thickness/retardation maps show RNFL thickness around the optic disc margin, with yellow–red and 

dark blue indicating thicker and thinner regions, respectively.  Deviation maps are generated after the 

comparison of RNFL thickness measurements with those in a normative database and indicate the 

regional probability of thinning.  Key parameters include the temporal-superior-nasal-inferior-temporal 

(TSNIT) value which corresponds to the average RNFL thickness of the entire disc margin, while 

superior and inferior mean values represent the corresponding 120° segment.  Several global RNFL 

thickness parameters are also computed into an index of likelihood of nerve fibre loss.  All summary 

parameters except the index value are again compared to those in a normative database to assess 

their probability of exceeding normal limits.    

The sensitivity and specificity of GDx measurements reported for GDx-FCC shows moderate 

discriminating power between healthy and glaucomatous eyes.58,59,60,61,62,63,64,65,66 

 

7.2 Limitations 

 
One of the inherent limitations of this technology is that other structures of the eye also display 

birefringence. The cornea, sclera and lens demonstrate form birefringence. Consequently, their 

retardation needs to be neutralised to isolate that due to RNFL retardation alone.,67, 68,69,67,70,71,72,73   

However, corneal refractive surgery has been demonstrated to variably affect measurements.74,75,76   
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Consequently, GDx-FCC which employs a uniform, fixed, compensation in which both axis and 

magnitude reflect median values of the general population, has a margin of error due to the variable.  

The next generation of the instrument, the (GDx-VCC), incorporates a custom anterior segment 

birefringence compensation which utilises an initial scan of the patient’s macula to perform patient-

specific compensation.10  To achieve this two imaging trials per eye are run successively, the first to 

determine the anterior segment birefringence compensation and the second to image acquires the 

area of interest with adjustment for anterior segment birefringence compensation.  

 

Studies have shown that custom anterior segment birefringence compensation narrows the band of 

normative data and improves the discriminating power for glaucoma detection.67,23,69   

 

Severe corneal and lenticular opacities and nystagmus also influence SLP data quality and correct 

definition of the optic disc margin is again vital to the accurate calculation of RNFL thickness.  In 

addition, atrophic regions included in the analysis of RNFL thickness may distort the calculation these 

measurements.  The default diameter of the scanning beam and option to extend it were intended to 

avoid such areas of pathology.  Due to the likelihood of artifactual error SLP scanning in eyes with a 

tilted disc or high refractive error is not recommended.  The availability of an age and ethnicity-

matched normative database is likely to enhance the diagnostic accuracy of SLP.   
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Anterior Ischaemic Optic Neuropathy Studies 
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Chapter 8 

Comparison of Arteritic and Non-arteritic 

Anterior Ischaemic Optic Neuropathy with the 

Heidelberg Retinal Tomograph 



 

70 
 

8.1 Prologue 

 

One of the areas of controversy in optic nerve head assessment is whether there is a difference in 

end-stage optic nerve head morphology between the two groups of ischaemic optic neuropathy.  

This major issue had been largely evaluated through case reports, case series or subjective 

interpretation of optic disc photographs and remained largely unresolved at the time of this study. 

Indeed, the research in this chapter represents the first study utilizing quantitative imaging modalities 

for the investigation of non-glaucomatous optic neuropathies.  The study compares the morphological 

appearance of the optic nerve head between arteritic anterior ischaemic optic neuropathy and non-

arteritic anterior ischaemic optic neuropathy. 

At the time of this study, the confocal scanning laser ophthalmoscope, the HRT-1, was the only 

technology commercially available for the evaluation of optic nerve head assessment. Notably, 

contemporaneous OCT imaging was restricted to macular scans and scanning laser ophthalmoscopy 

had yet to become available as a clinical investigative tool 
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8.2 Abstract 

 

Objective  
Quantitative data are not available regarding the morphological appearance of optic nerve 

morphology after arteritic anterior ischaemic optic neuropathy (AAION) and nonarteritic anterior 

ischaemic optic neuropathy (NAION). The purpose of this study is to evaluate the appearance of the 

optic nerve head in patients after AAION and NAION with the Heidelberg Retina Tomograph (HRT). 

 

Design  
Prospective comparative observational study. 
 

Participants  
Thirty-eight patients with either unilateral AAION (15) or NAION (23). 

 

Methods  

Heidelberg Retina Tomograph images were taken of both affected and unaffected eyes. The 

quantitative changes in the optic nerve head were morphologically evaluated and compared with 

those of the normal contralateral eyes. 

 

Main outcome measures  
Heidelberg Retina Tomograph parameters were analysed using the uninvolved contralateral eye as a 

control. 

 

Results  
The ratio between cup area and disc area was 42% larger in the affected eyes in the NAION group 

than in the fellow eyes (P = 0.03, t test). In the AAION patients, the ratio between cup area and disc 

area was 116% larger in involved eyes than in their fellow eyes (P = 0.0003, t test). In addition, in 

the AAION group, relative to their fellow eyes, the rim area was 27% smaller (P = 0.0006), cup 

volume was 160% larger (P = 0.021, t test), mean cup depth was 29% larger, cup shape measure 

differed by 41% (suggesting more excavation), and mean retinal nerve fibre layer thickness was 30% 

less. Relative to the fellow eyes in the NAION group, the rim area was 6% smaller (P = 0.13, 

Student’s t test), and the cup shape measure was 13% different, although these were not statistically 

significant. When the uninvolved eyes of the NAION and AAION groups were compared directly, there 

was no statistical difference between any of the HRT parameters, except mean cup depth (0.09 vs. 

0.14 mm, respectively; P = 0.02). 
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Conclusions  
This study is the first to demonstrate quantitatively an enlargement and excavation of the optic cup 

after an event of AAION, but not NAION. The eyes affected with AAION showed significant excavation 

and enlargement of the optic cup when compared with contralateral uninvolved eyes. All HRT-

generated parameters showed changes consistent with increased enlargement and excavation of 

AAION-involved eyes. These changes were not observed in eyes that experienced an event of NAION. 
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8.3 Introduction 

Anterior ischaemic optic neuropathy (AION) appears in 2 major forms, arteritic (AAION) and 

nonarteritic (NAION). Each has a distinct clinical appearance in both the acute and chronic stages. 

Although both present with disc edema, AAION has a characteristic pallid disc swelling, whereas 

NAION presents with a more hyperemic disc. Optic disc cup enlargement and excavation or cupping 

are reported to be the typical end stage of AAION but not of NAION.1,2,3,4,5,6,7 and 8 However, these 

observations have been made based on interpretation of colour optic disc photographs. The 

development of laser-based disc imaging, such as with the Heidelberg Retina Tomograph (HRT; 

Heidelberg Engineering, Heidelberg, Germany), provides a more objective method 9,10,11,12,13 and 14 to 

evaluate the optic disc appearance after AION. The aim of this study was to compare and evaluate, 

utilizing this new technology, the morphology of the optic nerve in patients after AAION and NAION. 
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8.4 Materials and Methods 

Patients were recruited from the Neuro-ophthalmology Service of Wills Eye Hospital from June 30, 

1999 to July 1, 2000. The study was approved by the Wills Eye Hospital institutional review board. 

The research adhered to the tenets of the Declaration of Helsinki. Visual acuity (VA) was measured 

using a retro illuminated Snellen Early Treatment Diabetic Retinopathy Study letter chart. Logarithm 

of the minimum angle of resolution (logMAR) values were used for statistical analysis. No light 

perception (LP) was given a logMAR value of 3.0; LP, 2.3; hand movements (HM), 2.0; and counting 

fingers, 1.5.15 

 

The inclusion criteria for patients to be admitted to the study for NAION were (1) unilateral disc 

swelling with clinical features consistent with NAION observed in the acute phase at Wills Eye 

Hospital; (2) resolution of the initial disc swelling within 8 weeks; (3) original NAION episode >6 

months before recruitment to the study; (4) exclusion of AAION on either clinical grounds, such as 

lack of clinical suspicion, or negative temporal artery biopsy; (5) no other posterior segment ocular 

pathology (e.g., diabetes, age-related macular degeneration, glaucoma); (6) intraocular pressure 

(IOP) < 21 mmHg; and (7) refractive error < 5 diopters (D) equivalent sphere or 3 D of astigmatism. 

The inclusion criteria for patients to be admitted to the study for AAION were (1) unilateral disc 

swelling with clinical features consistent with AAION observed in the acute phase at Wills Eye 

Hospital, (2) temporal artery biopsy-confirmed giant cell arteritis, (3) resolution of the initial disc 

swelling within 8 weeks, (4) original AAION episode >6 months before recruitment to the study, (5) 

no other posterior segment ocular pathology except AAION (e.g., diabetes, age-related macular 

degeneration, glaucoma), (6) IOP < 21 mmHg, and (7) refractive error < 5 D equivalent sphere or 3 

D of astigmatism. 

 

In addition, all patients had to (1) have a normal contralateral eye, with the criteria of normal 

ophthalmologic and neuro-ophthalmologic assessment, best-corrected VA > 20/40, IOP < 21 mmHg, 

refractive error < 5 D equivalent sphere or 3 D of astigmatism, and normal static perimetry (Program 

24-2, Humphrey Instruments, Carl Zeiss Meditec, Dublin, CA) being met; (2) have a negative family 

history of glaucoma; and (3) give informed consent. 

 

Heidelberg Retina Tomograph imaging (version 1.01) was performed in both eyes of all subjects by 

an experienced operator. The HRT imaging was performed no sooner than 8 weeks after the initial 

documentation of disc swelling. The HRT contains a low-intensity diode laser (670-nm wavelength) 

and a confocal imaging system. The technique has been described in detail elsewhere.16 Briefly, each 

scan (comprising 32 confocal images), centered on the optic disc and perpendicular to the optic axis 

of the eye, is acquired from the level of the posterior vitreous to the retrolaminar optic nerve. Images 

that were not properly focused and those in which too much movement was detected were rejected 

from further analysis. Three well-centered 10° images were acquired. All images had a pixel mean 
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standard deviation of <50 μm. The mean topographical image was derived from the sum of the best 

3 images that demonstrated the lowest mean deviation, as indicated by the HRT software. For each 

mean image, topographical parameters were evaluated within the area defining the optic nerve head 

border. The contour line (disc margin) was drawn using a computer mouse system by a trained 

observer who was masked to the patient diagnosis and characteristics. Patients’ pupils were dilated 

with tropicamide 1.0%. 

 

The optic nerve head parameters examined included cup, rim and disc areas, cup-to-disc area ratio, 

cup and rim volumes, retinal nerve fibre layer (RNFL) cross-sectional area, and mean RNFL thickness. 

Values for the various optic nerve head components were obtained from the analysis of a mean 

topographical image per subject. HRT-1 also provides a glaucoma index and a classification of normal 

(positive index) or glaucoma (negative index) based on a discriminant function elaborated by Iester 

et al.17 

 

Statistical Analysis 
The mean values for normally distributed (or rendered normal) various optic nerve head components 

were analysed using a fixed-effects mixed-models approach with eyes nested within subjects. 

Significant main effects were further explored using the Tukey method. All tests were 2 tailed, and a 

5% significance level was maintained throughout. The mixed models extended to an analysis of 

covariance to provide adjustment for the potential confounding effect of age. Linear agreement 

between variables was sought using the Spearman correlation coefficient. All analyses were 

performed using SAS 18 procedures. 
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8.5 Results 

 

Fifty patients with acute AION were examined during the time period of the study. Thirty-eight (76%) 

fulfilled the inclusion criteria, 15 with NAION and 23 with AAION. Nine patients were excluded 

because of a family history of glaucoma and 3 because the IOP in either eye was >21 mmHg. The 

demographic data for the 2 groups are in Table 1. Patients with AAION were slightly older than 

patients with NAION. The mean VA in the affected eyes of patients with AAION was CF (median, HM; 

range, 20/20 to no LP), which was worse than the mean in eyes affected with NAION (20/100 

[median, 20/80; range, 20/20 to CF]). 

 

 

Table 8.1. Demographic Information of Patients with Nonarteritic Anterior Ischaemic Optic 
Neuropathy (NAION) and Arteritic Anterior Ischaemic Optic Neuropathy (AAION) 

 

 

 

 

 

 
 
 

logMAR = logarithm of the minimum angle of resolution; SD = standard deviation;  
VA = visual acuity. 

 

We compared the values in affected and uninvolved eyes in each patient to estimate the change 

caused by the disease, assuming that the eyes were originally symmetrical. The optic disc area did 

not vary significantly (P = 0.34) between eyes in either group. When the uninvolved eyes of the 

NAION and AAION groups were compared directly, there was no statistical difference between any of 

the HRT parameters except the mean cup depth (0.09 vs. 0.14 mm, respectively; P = 0.02). 

The ratio between cup area and disc area was 42% larger in the affected eyes in the NAION group 

than in fellow eyes (Table 2;P = 0.03, t test). Compared with the fellow eyes in the NAION group, rim 

area was 6% smaller (P = 0.13, t test), and the cup shape measure was 13% different, although 

these were not statistically significant. In the AAION patients, the ratio between cup area and disc 

area was 116% larger in involved eyes than in their fellow eyes (Table 3;P = 0.0003, t test). In 

addition, in the AAION group, relative to their fellow eyes, rim area was 27% smaller (P = 0.0006), 

 NAION (n = 15) AAION (n = 23) 
Age (mean) 66.6 72.7 
Range 50–90 54–89 
SD 11.9 10.2 
Gender   
Female 46% 37% 
Male 54% 63% 
Eye   
Right 7 11 
Left 8 12 
Snellen VA uninvolved eye (SD, logMAR) 20/30 (0.34) 20/20 (0.19) 
Snellen VA involved eye (SD, logMAR) 20/100 (0.53) Counting fingers (1.12) 

http://www.sciencedirect.com.ezproxy.auckland.ac.nz/science/article/pii/S0161642005001338#tbl1
http://www.sciencedirect.com.ezproxy.auckland.ac.nz/science/article/pii/S0161642005001338#tbl2
http://www.sciencedirect.com.ezproxy.auckland.ac.nz/science/article/pii/S0161642005001338#tbl3
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cup volume was 160% larger (P = 0.021, t test), mean cup depth was 29% larger, cup shape 

measure differed by 41% (suggesting more excavation), and mean RNFL thickness was 30% less. 

 

Table 8.2. Nonarteritic Anterior Ischaemic Optic Neuropathy: Comparison of Involved and 
Uninvolved Eyes 

 Involved      Uninvolved     P  Value 
Disc area (mm2) (SD) 1.61 (0.38)      1.65 (0.42)     0.37 
Cup area (mm2) (SD) 0.26 (0.27)      0.20 (0.26)     0.18 
Rim area (mm2) (SD) 1.38 (0.41)      1.47 (0.39)     0.13 
Cup volume (mm3) (SD) 0.04 (0.04)      0.03 (0.06)     0.66 
Cup-to-disc area ratio (SD) 0.17 (0.16)      0.12 (0.14)     0.03 
Rim volume (mm3) (SD) 0.31 (0.22)      0.37 (0.21)     0.17 
Mean cup depth (mm) (SD) 0.10 (0.05)      0.09 (0.06)     0.58 
Cup shape measure (SD) 0.20 (0.06)      0.23 (0.07)     0.20 
Height variation contour (mm) (SD) 0.33 (0.08)      0.36 (0.12)     0.28 
Mean RNFL thickness (mm) (SD) 0.17 (0.08)      0.19 (0.09)     0.11 
RNFL cross-sectional area (mm2) (SD) 0.76 (0.34)      0.83 (0.35)     0.18 

RNFL = retinal nerve fibre layer; SD = standard deviation. 

 

Table 8.3. Arteritic Anterior Ischaemic Optic Neuropathy: Comparison of Involved and 
Uninvolved Eyes 

 Involved Uninvolved P  
Value 

Disc area (mm2) (SD) 1.64 
(0.34) 

1.61 (0.30) 0.73 

Cup area (mm2) (SD) 0.65 
(0.45) 

0.31 (0.23) 0.0032 

Rim area (mm2) (SD) 0.95 
(0.38) 

1.30 (0.26) 0.0006 

Cup volume (mm3) (SD) 0.13 
(0.15) 

0.05 (0.05) 0.021 

Cup-to-disc area ratio (SD) 0.41 
(0.23) 

0.19 (0.12) 0.0003 

Rim volume (mm3) 0.29 
(0.46) 

0.28 (0.11) 0.87 

Mean cup depth (mm) (SD) 0.18 
(0.06) 

0.14 (0.06) 0.039 

Cup shape measure (SD) 0.13 
(0.09) 

0.22 (0.08) 0.0006 

Height variation contour (mm) (SD) 0.49 
(0.63) 

0.42 (0.42) 0.65 

Mean RNFL thickness (mm) (SD) 0.14 
(0.12) 

0.20 (0.07) 0.037 

RNFL cross-sectional area (mm2) (SD) 0.61 
(0.55) 

0.88 (0.29) 0.59 

RNFL = retinal nerve fibre layer; SD = standard deviation. 
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We also compared the involved eyes of the 2 groups of patients (Table 4). Although there was no 

difference in disc size between eyes with NAION and those with AAION, the cup area, rim area, cup 

volume, and cup-to-disc area ratio all consistently suggested a significantly larger cup and less rim in 

eyes with AAION. This remained constant even when adjusted for age and VA. There was no 

statistical difference in the reference plane height between the 2 groups. 

 

Table 8.4. Involved Eyes: Comparison of Nonarteritic Anterior Ischaemic Optic Neuropathy (NAION) 
and Arteritic Anterior Ischaemic Optic Neuropathy (AAION) 

 NAION AAION     P  Value 
Disc area (mm2) (SD) 1.61 (0.38)     1.64 (0.34)     0.40 
Cup area (mm2) (SD) 0.26 (0.27)     0.65 (0.45)     0.002 
Rim area (mm2) (SD) 1.38 (0.41)     0.95 (0.38)     0.0023 
Cup volume (mm3) (SD) 0.04 (0.04)     0.13 (0.15)     0.0002 
Cup-to-disc area ratio (SD) 0.17 (0.16)     0.41 (0.23)     0.0017 
Rim volume (mm3) (SD) 0.31 (0.22)     0.29 (0.46)     0.23 
Mean cup depth (mm) (SD) 0.10 (0.05)     0.18 (0.06)     0.0004 
Cup shape measure (SD) 0.20 (0.06)     0.13 (0.09)     0.026 
Height variation contour (mm) (SD) 0.33 (0.08)     0.49 (0.63)     0.42 
Mean RNFL thickness (mm) (SD) 0.17 (0.08)     0.14 (0.12)     0.70 
RNFL cross-sectional area (mm2) (SD) 0.76 (0.34)     0.61 (0.55)     0.70 

RNFL = retinal nerve fibre layer; SD = standard deviation. 

 

 

The Mikelberg discriminant function uses a subset of the data from each eye to classify each optic 

disc as falling within a range characteristic of a normal control population (the index value is a 

positive number) or a range exhibited by a group with glaucoma (a negative index value). When this 

value was analysed in our patients, 17 (73.9%) of 23 involved AAION eyes were classified as 

glaucoma, whereas 2 (8.6%) of 23 unaffected AAION eyes were classified as glaucoma. In the 

NAION group, 2 (13.3%) of 15 involved eyes and 1 (7%) of 15 unaffected eyes were classified as 

glaucoma. 

 

Figure 1 provides an example of a patient with NAION in the left eye (Fig 1A) and the contralateral 

uninvolved right eye (Fig 1B). Figure 2, Figure 3 and Figure 4 are examples of patients with unilateral 

AAION and their corresponding normal fellow eyes. 

  

http://www.sciencedirect.com.ezproxy.auckland.ac.nz/science/article/pii/S0161642005001338#tbl4
http://www.sciencedirect.com.ezproxy.auckland.ac.nz/science/article/pii/S0161642005001338#fig1
http://www.sciencedirect.com.ezproxy.auckland.ac.nz/science/article/pii/S0161642005001338#fig1
http://www.sciencedirect.com.ezproxy.auckland.ac.nz/science/article/pii/S0161642005001338#fig1
http://www.sciencedirect.com.ezproxy.auckland.ac.nz/science/article/pii/S0161642005001338#fig2
http://www.sciencedirect.com.ezproxy.auckland.ac.nz/science/article/pii/S0161642005001338#fig3
http://www.sciencedirect.com.ezproxy.auckland.ac.nz/science/article/pii/S0161642005001338#fig4
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8.6 Discussion 

Changes to the optic cup disc morphology occur after both AAION and NAION. Typically, the optic 

disc in NAION shows flattening and pallor of the rim, decreased diameter of the retinal arterioles, and 

reduced visibility of the RNFL. In addition, the size and shape of the neuroretinal rim and optic disc 

cup size have been shown not to change significantly. 19 and  20 Arteritic AION, on the other hand, is 

said to produce excavation and enlargement of the cup that are similar to glaucoma. 1and 2 

This study is the first to demonstrate quantitatively, by the use of the HRT, disc cup enlargement 

after AAION. Our conclusions are made more robust by comparing each eye with its uninvolved fellow 

eye. Because it is rare to have knowledge of the disc appearance before an episode of NAION or 

AAION, we selected unilateral cases to compare the disc findings in the fellow eye with those in the 

involved eye. Assuming that the involved eye differed little from its fellow before the event, the 

difference between them can serve as a useful surrogate for change caused by the disease. 

The eyes affected with AAION showed significant excavation and enlargement of the optic cup when 

compared with the contralateral uninvolved eye. The HRT-generated parameters such as the cup 

shape measure, cup-to-disc area ratio, rim area, RNFL thickness, and RNFL cross-sectional area all 

showed changes consistent with increased enlargement and excavation of the cup in the AAION-

involved eyes. These variables are also known to have the strongest correlation with cupping seen 

with glaucoma. 21 ,22 ,23 and 24  The total rim area and volume were also significantly lower in the AAION-

involved eyes than in the contralateral uninvolved eyes. Furthermore, 17 (73.9%) of 23 AAION eyes 

had a value of the discriminant function that classifies them as similar to glaucoma eyes, whereas 

only 2 (13%) of 15 NAION eyes did so. By contrast, slight differences were noted in disc parameters 

in affected NAION eyes compared with their fellow uninvolved eyes; it was striking how modest the 

changes were relative to the substantial damage to VA that the patients suffered. The cup-to-disc 

area ratio increased (from 0.12 to 0.17, P = 0.03), but none of the other HRT parameters showed a 

difference between involved and uninvolved eyes. 

 

These results raise several questions. First, why is there a difference in the final disc appearance in 

these 2 forms of AION? Several possible theories may be entertained. The final disc appearance may 

be related to the magnitude of the ischaemic event, with greater loss of disc tissue in AAION. The 

most common optic nerve appearance in acute AAION is pallid disc swelling, with few hemorrhages 

reflecting an extensive ischaemic assault on the optic nerve. In the acute phase of NAION, the optic 

nerve has a less pale and more hyperemic appearance. The extent of visual loss also suggests that 

the ischaemic event of AAION is more severe. In the present study, mean Snellen VAs were 20/100 

for the NAION group and CF for the AAION group. Other studies have also documented similar levels 

of VA loss in AAION versus NAION. 1, 2, 25 and 26 However, adjusting for VA does not alter the 

observation identified between the optic disc morphologies in the AAION and NAION groups. 
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Alternatively, the nature and not the extent of the ischaemic event may contribute to the final disc 

morphology. Despite their both being ischaemic disorders, the pathogenesis of the 2 conditions may 

differ. Arteritic AION occurs because of thrombotic occlusion of the posterior ciliary arteries, resulting 

in infarction of the optic nerve head. 27, 28 ,29 ,30  and 31 In NAION, there is no occlusion of the posterior 

ciliary artery (embolic NAION occurs rarely). Although histopathologic material in NAION is rare, to 

our knowledge, there has been no direct documentation of vascular occlusion of either the posterior 

ciliary circulation or the central retinal artery. The histopathological studies available have shown 

either small vessel occlusion 32 and 33 or acute axonal necrosis posterior to the lamina cribrosa, 

suggesting a role for atherosclerosis. Transient hypoperfusion or nonperfusion (such as that caused 

by nocturnal hypotension) may initiate a cascade of events that leads to optic disc swelling and 

ischemia in the optic nerve head. 34 and 35 If the ischemia is only transient or there is preservation of 

some blood flow in NAION, supporting glial tissue may be less damaged and show less cupping and, 

thus, influence the final optic disc morphology. 

 

The premorbid disc morphology may contribute to the final morphological disc appearance. 

Nonarteritic AION tends to occur in eyes that have no or a small optic disc cup, the so-called disc at 

risk. 36 and 37 This structural feature seems to play an important role in the pathogenesis of NAION and 

may protect against cup disc enlargement. On the other hand, it could be that clinically identifying 

cup disc changes in discs with small optic cups may be more difficult. The latter is unlikely, because 

the present study demonstrates that although there is slight but significant enlargement of the cup, 

the HRT parameters that reflect excavation of the cup did not change. We found no statistically 

significant difference in any of the HRT parameters between AAION and NAION among the 

uninvolved eyes, except cup depth. Although the uninvolved AAION group showed a trend towards a 

larger cup-to-disc area ratio (0.19 vs. 0.12), larger cup area (0.31 vs. 0.20 mm2), and greater cup 

depth (0.14 vs. 0.09 mm) compared with the uninvolved NAION group, these differences did not 

reach statistical significance. Furthermore, the cup shape measure that reflects the degree of 

excavation showed no difference in the 2 groups of uninvolved eyes (−0.23 for NAION vs. −0.22 for 

AAION). Theoretically, if the NAION group of patients were more hypermetropic, then there may 

have been some artifactual magnification of the NAION parameters. However, there was no 

significant statistical difference between the refractive errors of the 2 groups. It may be postulated, 

then, that a small cup also predisposes patients with giant cell arteritis to develop AAION. This is an 

unexpected finding, because our present understanding of AAION does not include the view that a 

small optic cup predisposes to optic disc infarction, and warrants further investigation. 

 

Our results suggest that the cup disc morphology after AAION has features similar to glaucoma. 

Significant enlargement and excavation of the disc cup is one of the defining characteristics of 

glaucomatous optic neuropathy. 38 The question raised by these results is whether these similarities 

between the disc morphologies of AAION and glaucoma suggest that they may share pathogenetic 
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features. In the present study, a diagnosis of glaucoma among the cohort has been reasonably 

excluded. None of the patients had an IOP of >21 mmHg in either eye, a family history of glaucoma, 

suspicious optic nerves in the contralateral eye, or an abnormal visual field (VF) in the contralateral 

eye. All the parameters (except height variation contour, rim volume, and RNFL cross-sectional area) 

had measurements in the AAION eye compared with the uninvolved eye that showed a trend towards 

the pattern of change seen in glaucoma. Of particular interest is that the cup shape measure, the 

variable most likely to denote glaucomatous excavation,39 showed a significant change, from −0.22 to 

−0.13. The Mikelberg discriminant analysis labelled 74% of the AAION eyes as glaucomatous and 

only 6.6% of the uninvolved fellow eyes in that group. This suggests that the morphological features 

of AAION truly are similar to glaucoma. 

 

Clinically, AAION and glaucoma are easily distinguished and are unlikely to be confused in the acute 

phase. Arteritic AION presents with acute optic disc swelling with visual loss that results in sudden 

loss of both central and peripheral vision, whereas glaucoma tends to be a slowly progressive process 

preserving central vision until later in the disease. Even after the disc swelling resolves, differences 

exist between the appearances of the optic nerve in the 2 conditions. Arteritic AION results in pallor 

of the neuroretinal rim, whereas in glaucoma marked generalized neuroretinal rim pallor is not a 

characteristic feature. In glaucoma, the cup tends to elongate vertically and follow the ISNT (inferior, 

superior, nasal, temporal) rule of rim width. This has not been documented in AAION. Furthermore, 

the deep excavation that can be seen in some cases of glaucoma (especially that associated with very 

elevated IOP) is not a characteristic feature of AAION cupping. Glaucoma is also more likely to be 

associated with focal or diffuse obliteration of the rim. The cupping of AAION usually produces diffuse 

obliteration of the rim; notching or focal obliteration of the rim is not as common. 

 

Despite these clinical differences, this study has identified that after acute AAION, changes in the 

optic nerve head similar to glaucoma occur. However, simply because the 2 disorders share a 

common final phenotype does not imply that the steps leading to that appearance are the same. 

Some consideration should be given to the possibility that they may share some underlying common 

pathogenic pathways. Ischemia presumably may be a common denominator of these 2 conditions. 

The site and type of insult in AAION are known to be vascular occlusion of the posterior ciliary 

arteries. Evidence suggests that vascular factors play a role in the development of glaucomatous optic 

neuropathy, although the part is not completely defined. 40, 41, 42, 43, 44, 45, 46 and 47 Blood flow studies also 

have reported poor circulation in the posterior ciliary, central retinal, and ophthalmic arteries in 

patients with glaucomatous optic neuropathy. 48 and 49 Hence, the acute ischaemic course in AAION 

may represent a markedly accelerated version of the chronic ischaemic process that takes place in 

glaucomatous optic neuropathy. 2 
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Glaucomatous optic neuropathy is associated with posterior deformation and excavation of the optic 

nerve head beneath the anterior scleral canal opening. 50 and 51 This posterior excavation is thought to 

be due to the interaction between the optic nerve head connective tissue, altered astrocyte function, 

and ischemia. 52 and 53 Burgoyne et al 54 hypothesized that posterior deformation of the disc is a 

manifestation of IOP-induced alterations to the connective tissues of the lamina cribrosa and 

peripapillary sclera. These alterations may include new synthesis of extracellular matrix components; 

physical disruption of the connective tissue components, with a concomitant change in their 

mechanical behaviour; or a combination of these processes. 

 

To explain posterior excavation in AAION, there needs to be damage to the surrounding connective 

tissue with resultant lamina collapse as well as loss of retinal ganglion cells. Arteritic AION results in 

both prelaminar and laminar changes to the optic nerve head. In the prelaminar region, there is 

extensive loss of axons, reducing the optic disc volume.30 It is this neural tissue that normally 

occupies the wide spaces between the fibrous septa of the retrolaminar optic nerve. Liquefactive 

necrosis and collapse of the spaces may in turn lead to loss of some of the posterior support of the 

lamina cribrosa. 2 and  30 Histopathologic studies 30 show that, subsequently, fibrosis of the retrolaminar 

septa with axonal atrophy and gliosis occurs. Contraction of the longitudinal fibrous septa (which are 

anchored to the posterior surface of the lamina cribrosa) may result in pulling of the lamina cribrosa 

posteriorly. Finally, the marked ischemia may also have a direct weakening effect on the lamina 

cribrosa itself and, thus, may play a part in the bowing backward of the lamina cribrosa. It may be 

suggested that an event of AAION results in alterations in the connective tissue and surrounding 

sclera of the lamina cribrosa leading to the posterior excavation seen after AAION. 

 

However, several areas require further investigation and explanation. Although the HRT values for the 

AAION eyes shifted towards the pattern seen with glaucoma, it is likely that advanced glaucoma that 

would cause an amount of VF damage equivalent to that seen in the AAION eyes would produce 

much more extensive excavation and enlargement of the optic cup. Identifying glaucomatous eyes 

with equivalent field loss and comparing them with those of AAION patients with similar degrees of 

VF loss may help to shed light on the differences in the excavation and enlargement of the cup in 

these 2 conditions and are likely to demonstrate more extensive excavation (e.g., bean pot cup) in 

glaucoma. A limitation of this study is that VF analyses were not performed on the affected eye 

(because of the inability of the patient to do the test reliably with such limited VA). 

 

In conclusion, this study is the first to document, using laser-based optic disc imaging, that the usual 

sequel to AAION, and not NAION, is enlargement of the cup of the optic disc. The changes in optic 

cup morphology in AAION have similarities to those seen in glaucomatous optic neuropathy. This may 

provide further evidence that it is the interplay of vascular factors with the biomechanical properties 

of the optic nerve head that results in the development of glaucomatous optic neuropathy. 
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Figure 8.1    A, Heidelberg Retina Tomograph of nonarteritic anterior ischaemic optic neuropathy 
left eye. Arrow indicates deepest point of cup.  B, Heidelberg Retina Tomograph of contralateral 
normal right eye. Arrow indicates deepest point of cup. 
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Figure 8.2    A, Heidelberg Retina Tomograph of normal left eye. Arrow indicates deepest  
point of cup.  B, Heidelberg Retina Tomograph of arteritic anterior ischaemic optic neuropathy 
right eye. Arrow indicates deepest point of cup. 
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Figure 8.3    A, Heidelberg Retina Tomograph of normal left eye. Arrow indicates deepest  
point of cup.  B, Heidelberg Retina Tomograph of arteritic anterior ischaemic optic neuropathy 
right eye. Arrow indicates deepest point of cup. 
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Figure 8.4    A, Heidelberg Retina Tomograph of arteritic anterior ischaemic optic neuropathy 
left eye. Arrow indicates deepest point of cup.  B, Heidelberg Retina Tomograph of normal right 
eye. Arrow indicates deepest point of cup. 
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8.7 Epilogue 

 
Since this study was completed and published, other investigators have evaluated the morphology of 

the optic nerve head (ONH) in ischaemic optic neuropathies using HRT.  Unfortunately, as the 

confocal scanning laser ophthalmoscope has undergone several physical and software upgrades, it is 

often difficult to compare the results from different studies.  Nonetheless, several questions regarding 

the comparison of NAION and AAION have been addressed. 

 

From stereoscopic disc photography it has been concluded that a small optic disc with a small cup is 

associated with a higher risk of developing NAION.  Most studies using the HRT have corroborated 

this clinic observation.55,56   These studies have shown that both the involved and uninvolved eye in 

NAION have smaller than normal optic disc area as well as optic cups.57,58 However, in a small study 

of Asian eyes that experienced NAION, the disc area was not noted to be smaller. This observation 

could be due to the small sample size or a difference due to racial predilection of the disease.56 

Another area where there has been extensive research utilising the HRT is to answer the question 

whether excavation of the optic nerve head occurs in NAION and AAION. Most studies conclude that 

the enlargement of the cup following an acute event of NAION is marginal if any at all.57 Our study, 

which used the HRT-I, identified that the mean value of C/D area ratio of the involved eyes and 

fellow eyes were 0.1770 and 0.1270, respectively, which is a marginal but significant difference.  

Using HRT-II, Saito et al.55 noted a greater C/D area ratio and cup area in NAION compared with 

controls. The results from the study by Contreras et al.59  also showed a slight increase in cup-to-disc 

ratio, but this was not statistically significant.  

 

A further question that has been investigated is the validity of the HRT in non-glaucomatous optic 

neuropathies. One group of investigators assessed the optic nerve head morphology of three types of 

non-glaucomatous optic neuropathies: ischaemic (NAION), hereditary, and compressive optic 

neuropathies.57 They identified that the ONH of NAION eyes had similar cup parameters to disc area 

to age-matched controls, while those with Leber Hereditary Optic Neuropathy (LHON) had larger cup 

parameters and those with compressive lesions had smaller cups. RNFL parameters were reduced in 

NAION and LHON, but not in compressive lesions.  

 

These observations raised concern that the HRT is unable to accurately delineate the optic nerve 

head morphology for compressive lesions or lesions which result in significant thinning of the 

temporal optic nerve head. The reason for this is that HRT automatically determines the reference 

plane 50 um below the mean retinal surface at the temporal sector of the contour line between 350 

and 356 degree, which is located on the papillomacular bundle, because RNFL thickness of this 

location is assumed to be 50 um without considerable individual variation.60  Cup area is defined as 
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the area beneath this reference plane.  This assumption is reasonable for glaucoma as this specific 

location is preserved until the advanced stage. However, such an inadequate referencing may cause 

an underestimation of the cup parameters as well as the overestimation of the rim parameters in eyes 

in which the papillomacular bundle is involved preferentially.  While NAION tends to produce 

altitudinal visual field defects, given that it also results in significant loss of visual acuity, the 

papillomacular bundle is likely to be involved. Consequently, this limitation of HRT will also hold for 

studies in NAION to some extent, although not to the same extent as with compressive optic 

neuropathies that produce band atrophy. 
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Correlation of Retinal Nerve Fibre Layer 

Measured by Scanning Laser Polarimeter to 

Visual Field in Ischaemic Optic Neuropathy 
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9.1 Prologue  

 
The advent of scanning laser polarimetry (GDx) provided an alternative to the established scanning 

laser ophthalmoscopy (HRT) for evaluation of optic nerve head morphology in health and disease.  

 

At the time of this study, there were two published studies that suggested GDx may be able to 

identify changes in ischaemic optic neuropathy.  In 2000, Colen et al published a single case report 

which described a 58 year old man with an inferior altitudinal defect and a corresponding thinning of 

the retinal nerve fibre layer as measured with the GDx-FCC.1 In 2003, Banks et al published a case 

series of 30 “acute” eyes with AION and 28 eyes with established optic atrophy from a variety of 

causes. These authors demonstrated that the GDx did not show increased thickness of the RNFL in 

the context of swollen optic nerves, but did show thinning in optic atrophy.2 

  

The focus of the present study was to extend the preliminary observations in the published literature 

(N=2) and to evaluate whether there was a quantitative structure-function correlation between 

changes in the optic nerve head and loss of visual field sensitivity. Thus, the study design 

incorporated visual field assessment using static automated perimetry and optic nerve head 

measurement with scanning laser polarimetry.  
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9.2 Abstract 
 
Objective   

To evaluate the relationship between retinal nerve fibre layer (RNFL) measurement with scanning 

laser polarimetry (SLP) and standard automated perimetry (SAP) in nonarteritic anterior ischaemic 

optic neuropathy (NAION).  

Methods   

In this prospective observational case series, all subjects (28 eyes with NAION) underwent SAP and 

SLP. The RNFL retardation measurements and visual field test points were grouped into 6 

corresponding sectors. The contralateral uninvolved eye was used as control. The relationship 

between RNFL retardation and SAP was evaluated with the Spearman nonparametric technique and 

linear regression analysis. The main outcome measure was correlation of SLP RNFL parameters and 

SAP.  

Results   

Global and sectoral SLP parameters showed a significant difference in affected eyes compared with 

controls. The strongest correlations were seen between mean deviation and number (r = –0.524; 

P = .004), ellipse modulation (r = 0.5026; P = .006), and maximum modulation (r = 0.526; P = .004). 

Superior sectoral visual field indexes showed a strong correlation with inferior RNFL changes 

(r = 0.522; P<.008). Linear regression confirmed a strong relationship between the superior sectoral 

visual field indexes and the inferior RNFL.  

Conclusion   

Scanning laser polarimetry was able to identify structural changes of the RNFL globally and in the 

inferior SLP sector with functional loss in NAION.  
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9.3 Introduction  

Nonarteritic anterior ischaemic optic neuropathy (NAION) is an acute generalized or sectoral swelling 

of the optic disc resulting in visual field (VF) loss with or without reduction in visual acuity. 

Nonarteritic anterior ischaemic optic neuropathy is thought to be due to vascular insufficiency within 

the optic nerve head microcirculation,3 but the precise mechanism and specific location of vascular 

compromise remain unproven.3,4 Histological studies have shown that NAION induces a thinning of the 

retinal nerve fibre layer (RNFL) in the affected sectors.5 Once the acute swelling resolves clinically, 

visible optic disc pallor and RNFL defects are evident.6 However, using conventional methods of 

ophthalmoscopy or red-free photography, it has been only possible to qualitatively evaluate the 

morphological changes seen following an episode of NAION.6,7,8 Recently, several studies have 

investigated the relationship between RNFL damage and visual function in glaucomatous optic 

neuropathy with various optical imaging techniques.9,10 One such device is the GDx Nerve Fiber 

Analyzer (Laser Diagnostic Technologies, San Diego, Calif), a scanning laser polarimeter (SLP) that 

estimates the thickness of the RNFL by measuring the summed retardation of a polarized scanning 

laser beam, presumably induced by the form-birefringent microtubules that support the retinal 

ganglion cell axons and then compensated, partially or completely, for the birefringence of the 

anterior segment.11 Although it has principally been used in glaucoma,12,13 its potential use in central 

retinal artery occlusion,14 acute retrobulbar optic neuritis,15 demyelinating optic neuritis,16 and 

traumatic optic neuropathy17 has been reported. A single case report 18 has demonstrated loss of 

retinal nerve fibre bundles after an episode of NAION with corresponding VF defect. The purposes of 

this study were to investigate the ability of SLP to identify structural changes in the RNFL of eyes 

following an event of NAION and to examine the relationship between optic nerve structure and 

function using measurements of the peripapillary RNFL retardation measured with SLP and standard 

automated perimetry.  
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9.4 Methods 

 

Subjects 

An observational case series was undertaken involving 28 patients with isolated unilateral NAION 

occurring at least 3 months prior to initial examination with acute optic disc swelling. They were 

recruited from the Neuro-Ophthalmology Service at Wills Eye Hospital between September 2000 and 

October 2003. Patients were considered eligible for recruitment if they had a diagnosis of unilateral 

NAION, with the initial disc swelling and the diagnosis documented and confirmed at Wills Eye 

Hospital by a neuro-ophthalmologist. The uninvolved eye was required to have normal ophthalmic 

assessment findings with a visual acuity of 20/40 or better. Patients with glaucoma, a family history of 

glaucoma, intraocular pressure of greater than 21 mm Hg in either eye, giant cell arteritis, other optic 

neuropathies, posterior segment diseases, corneal diseases, refractive surgery, or neurological 

diseases or systemic diseases with possible ocular involvement, such as diabetes mellitus, were 

excluded from the study. Patients were excluded if they had ametropia greater than 5 diopters (D) or 

astigmatism greater than 2.5 D. All patients had experience with VF testing and had undergone at 

least 2 prior tests with reliable results. Because there is a wide intersubject variability in the RNFL 

thickness, the unaffected eye was used as the control.  

All patients underwent a complete neuro-ophthalmic examination performed by a neuro-

ophthalmologist at the time of initial examination and on follow-up visits. This was followed by 

Swedish Interactive Threshold Algorithm (SITA) 24-2 standard automated perimetry (SAP) and SLP 

(GDx Nerve Fiber Analyzer with fixed corneal compensation [software version 2.0.09]; Laser 

Diagnostic Technologies), which were performed within 1 week of each other. The research adhered 

to the tenets of the Declaration of Helsinki. The institutional review committee had approved the 

research and informed consent had been obtained.  

 

Scanning Laser Polarimetry 

The GDx is a confocal scanning laser ophthalmoscope with an integrated polarization modulator, a 

fixed corneal compensator, and a polarization detection unit. Details of its operation are described 

elsewhere.19 In all subjects, both eyes were scanned starting with the right eye. The pupils of the 

patients were undilated, and the room lights were left on. Three high-quality retardation images were 

acquired through the undilated pupil and the results were averaged for the analysis. The default 

sectors were defined as temporal (–25° to 25°), superior (25° to 145°), nasal (145° to 215°), and  
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inferior (215° to 335°), giving two 120o sectors, a 70o sector, and a 50o sector. The parameters 

automatically generated by the SLP software were evaluated. These were divided into parameters that 

represented a global assessment of the RNFL and parameters that represented the sectoral RNFL 

status. Global parameters were the number, symmetry, ellipse modulation, maximum modulation, and 

ellipse average. The number is a global measure derived from more than 200 other parameters that 

are analyzed by a neural network trained to discriminate between healthy and glaucomatous eyes. 

The maximum modulation and ellipse modulation are indicators of the difference between the thickest 

and thinnest parts of the RNFL. Sectoral parameters were superior maximum, inferior maximum, 

superior average, inferior average, temporal median (superior maximum–superior ratio), nasal median 

(superior maximum–superior nasal ratio), superior integral, superior (superior temporal) ratio, inferior 

(inferior temporal) ratio, and superior nasal ratio.  

 

Visual Field Testing 

Standard automated perimetry was performed with the SITA standard 24-2 program. All VF test 

results were reliable with less than 33% fixation losses, false-positive responses, and false-negative 

responses. Each VF was divided into 6 zones based on the optic disc–VF map described by Garway-

Heath et al20 (Figure 9.1) Garway-Heath et al produced the first high-resolution map from structure to 

function. Using this map allowed a detailed comparison of structure (GDx image) and function (SAP) 

measures. This mapping allowed correlation of sectors of disc RNFL with sectors of the VF. Because 

sectoral SLP parameters are divided into 4 fixed sectors, the 2 superior (sectors 2 and 3) and 2 

inferior (sectors 4 and 5) VF zones were combined to permit a direct 4-sector comparison between 

VFs and SLP. Thus, sector 1 (temporal VF, nasal optic disc 121° to 230°) corresponds to the nasal SLP 

measurements. Sectors 2 and 3 (superior and superior nasal VF, inferior optic disc sectors 231° to 

270° and 271° to 310°) correspond to the inferior nasal and inferior temporal SLP measurements, 

respectively. Sectors 4 and 5 (inferior paracentral and inferior VF, superior disc sectors 41° to 80° and 

81° to 120°) correspond to superior temporal and superior nasal SLP measurements, respectively. 

Sector 6 (macular VF, temporal disc 311° to 340°) corresponds to temporal parapapillary SLP 

measurements.  

The mean deviation (MD) was calculated for each of the sectors from the raw retinal sensitivity on the 

VF printout. We then correlated SLP measurements with the global and sectoral MDs of the 

appropriate VF zones using linear and logarithmic regression based on the assumption that the RNFL 

is a predictor of VF sensitivity.  
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Figure 9.1. Test pattern of the Humphrey Field Analyser 24-2 (Carl Zeiss Meditec) paradigm for a 

right eye (A) and a GDx Nerve Fibber Analyser with variable corneal compensator (Laser Diagnostic 

Technologies, Inc, San Diego, Calif) retardation image of a right eye (B), with a measurement circle 

superimposed (the fixed corneal compensator has the exact same arrangement). In the present 

study, visual field test points and peripapillary GDx measurements were grouped in corresponding 

sectors, as suggested by Garway-Heath et al.20 Corresponding sectors were grayscaled and named 

after the position of the sector in the GDx variable corneal compensator image in relation to the optic 

disc.  

Statistical Analysis 

The unaffected contralateral eyes were used as the control group. A Spearman ranked correlation 

coefficient (r) was calculated for each sector to measure the degree of association between SAP and 

SLP. A t test for related groups was used to compare affected with unaffected eyes. "Number" and 

"symmetry" are not normally distributed parameters; therefore, the sign test was used for these 

parameters. All tests were 2-tailed and a P value of <.05 was considered statistically significant 

because all comparisons were preplanned. However, a more conservative critical significance level 

could be adopted based on correction for multiple comparisons (Bonferroni correction P<.002 or 

otherwise as stated within relevant table) at the risk of an increased type II error rate. All analyses 

were performed by a medical statistician using SAS (version 8.12; SAS Institute Inc, Cary, NC).   
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9.5 Results 

A total of 28 patients (13 men, 15 women) were evaluated. The mean ± SD age was 61 ± 11 years 

(range, 39-79 years). The mean time between initial examination and study enrollment was 4.1 

months, ranging from 97 days to 159 days. At the final visit, the mean visual acuity was 0.06 

logarithm of the minimum angle of resolution (logMAR) (approximately 20/30 Snellen equivalent) in 

the control eyes and 0.44 logMAR (20/60 Snellen equivalent) in the affected eyes (P = .01).  

Global Parameters 

The MD of the affected group ranged from –26 to 0 dB with a mean ± SD of –11.74 ± 6.65 dB, while 

the unaffected MD ranged from –4.36 to 3.74 dB with a mean ± SD of –0.63 ± 2.03 dB. The 

difference was statistically significant (P<.001). All global SLP parameters with the exception of 

symmetry were significantly different between the affected and unaffected eyes (Table 9.1). 

 Normal eye 

(n=28) 

Involved NAION 

eye (n=28) 

p-value 

Visual Field     

MD (dB) -0.63 ± 2.03 -11.74 ± 6.65 <0.0001 

    

SLP    

The Number 23.42 ± 17.34 52.25 ± 19.49 <0.0001 

Ellipse Modulation 2.37 ± 0.62 1.86 ± 0.62 0.0008 

Average Thickness 65.19 ±12.18 58.29 ± 10.02 <0.0001 

Ellipse average (μm) 68.96 ± 11.78 58.21 ± 10.02 <0.0001 

Max. Modulation 1.50 ± 0.52 1.03 ± 0.39 0.0001 

Symmetry 0.90 ± 0.13 0.85 ± 0.15 0.27 

Table 9.1 Global VF Indexes and RNFL Parameters by SLP Between Affected NAION Eye and 
Contralateral Normal Eye.  

 

The relationship between SAP and SLP measurements is graphically presented in Figure 9.2, 9.3, 9.4 

and 9.5 for global parameters in eyes with NAION. The global SLP parameters that significantly 

correlated with MD in affected eyes were number (r = −0.524; P = .001), maximum modulation 

(r = 0.526; P = .004), and ellipse modulation (r = 0.5026; P = .006) (Table 9.2)(Bonferroni 

correction P<.008). The correlation between RNFL loss and MD only modestly improved when the 

difference between affected and unaffected eyes was considered for both RNFL and VF loss; that is, 

http://archopht.ama-assn.org.ezproxy.auckland.ac.nz/cgi/content/full/124/12/1720#ECS60056T1
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the affected RNFL was subtracted from the unaffected RNFL and this value correlated with the 

difference between affected and unaffected VF sensitivities. 

 

 
 
Figure 9.2. Correlation between visual field mean deviation (MD) and GDx Nerve Fiber Analyzer 
(Laser Diagnostic Technologies, Inc, San Diego, Calif) global parameter "number" (affected eyes). 
r = –0.524.  
 

 
 
Figure 9.3. Correlation between visual field mean deviation (MD) and GDx Nerve Fiber Analyzer 
(Laser Diagnostic Technologies, Inc, San Diego, Calif) global parameter "maximum modulation" 
(affected eyes). r = 0.526.  
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Figure 9.4. Correlation between visual field mean deviation (MD) and GDx Nerve Fiber Analyzer 
(Laser Diagnostic Technologies, Inc, San Diego, Calif) global parameter "ellipse modulation" (affected 
eyes). r = 0.5026.  
 
 

 
 
Figure 9.5. Correlation between visual field mean deviation (MD) and GDx Nerve Fiber Analyzer 
(Laser Diagnostic Technologies, Inc, San Diego, Calif) global parameter “maximum modulation” 
(difference between unaffected and affected eyes). r = 0.625. 
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 Correlation coefficient 

(r) 

p-value 

SLP affected eye only   

The Number -0.524 0.0042 

Ellipse modulation 0.5026 0.0064 

Average Thickness 0.246 0.2071 

Ellipse average 0.282 0.1453 

Symmetry -0.351 0.0668 

Maximum modulation 0.526 0.0040 

 
Table 9.2 Correlation Between Global VF Index (Mean Deviation) and Global SLP Parameters 

 
 
 
 
Sectoral Parameters 
 
The VF indexes in all sectors of affected eyes were significantly depressed compared with the 

contralateral unaffected eyes (P<.001) (Table 9.3). The majority of the sectoral SLP parameters of 

affected eyes were significantly different from unaffected eyes (all P<.001), with the exception of 

those that represented the temporal and nasal regions. In healthy, unaffected eyes, no statistically 

significant correlations between SAP and SLP measurements were found in any sector (P = .39). 

 

When the relation between structure and function was evaluated using the sectoral SLP 

parameterswith their corresponding VF sectors, only those representing the inferior RNFL region 

showed significant association with the corresponding superior VFs (Table 9.4). This included inferior 

deviation from normal (r = 0.522; P = .008), inferior average (r = 0.517; P = .005), and inferior 

maximum (r = 0.564; P = .002). Interestingly, inferior maximum and inferior average also correlated 

with nasal VF sector (r = 0.624; P< .001 and r = 0.611; P = .001, respectively). The relation of 

structure and function was not identifiable between any of the other sectors, including superior RNFL 

and the corresponding inferior VF. Table 9.5 tabulates the qualitative interpretation of the VF defect 

along with the quantitative VF raw sensitivities and the GDx RNFL parameters. Figure 9.6 shows the 

fit with a least-squares linear regression mode for the relationship between RNFL and decibel–

differential light sensitivity with r = 0.683 (P<.001). Figure 9. 7 illustrates results for a patient with 

NAION studied with SLP and the corresponding VF defect. 
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 Normal eye 

(n=28) 

Involved eye 

(n=28) 

p-value 

Sectoral VF (dB)    

Temporal (1) 28.00 ± 3.24 19.93 ± 8.81 <0.0001 

Superior (2+3) 27.32 ±2.73 19.11 ± 10.55 <0.0001 

Inferior (4+5) 28.87 ±2.36 14.21±8.45  <0.0001 

Nasal (6) 30.63 ±2.28 20.63 ± 9.30 <0.0001 

    

SLP RNFL    

Superior Ratio 2.15 ± 0.58 1.60 ± 0.31 <0.0001 

Inferior Ratio 2.41 ± 0.53 1.95 ± 0.44 0.0001 

Superior/Nasal Ratio 1.88 ± 0.36 1.52 ± 0.22 <0.0001 

Superior Average 73.21 ± 13.99 58.25 ± 11.53 <0.0001 

Inferior Average 82.14 ± 14.78 70.21 ± 14.06 0.0001 

Superior Maximum 84.04 ± 15.99 65.85 ± 13.11 <0.0001 

Inferior Maximum 93.82 ± 16.17 79.18 ± 17.55 0.0003 

Superior Integral 0.20 ± 0.04 0.16 ± 0.03 0.0001 

Temporal Median 42.13 ± 15.86 42.07 ± 10.16 0.8447 

Nasal Median 46.44 ± 13.53 44.38 ± 10.67 0.2490 

SLP Deviation from Normal    

Temporal 0.48 ± 16.81 -0.48 ± 10.01 0.7214 

Superior -11.12 ± 16.58 -28.48 ± 13.60 <0.0001 

Inferior 2.24 ± 16.63 -13.84 ± 16.95 <0.0001 

Nasal 0.56 ± 14.08 -1.44 ± 9.89 0.4799 

 
Table 9.3 Sectoral Humphrey VF Indexes and Sectoral SLP RNFL Parameters Between NAION 
Involved Eyes and Contralateral Uninvolved Eyes  
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Table 9.4 Correlation between Sectoral VF Indexes and Sectoral RNFL Parameters by SLP (Affected 
Eyes) 
 

  

SLP parameters Visual Field sectors Correlation coefficient p-value 

SLP Deviation from 

Normal 

   

Superior Inferior (4+5) 0.268 0.1959 

Inferior Superior (2+3) 0.522 0.0079 

Temporal Nasal (6) -0.116 0.5804 

Nasal Temporal (1) 0.032 0.8778 

    

SLP parameters    

Temp median Nasal (6) -0.068 0.7346 

Nasal median Temporal (1) 0.013 0.9484 

Superior average Inferior (4+5) 0.160 0.4146 

Inferior average Superior (2+3) 0.517 0.0048 

Superior maximum Inferior (4+5) 0.256 0.1971 

Inferior maximum Superior (2+3) 0.564 0.0018 

Superior Integral Inferior (4+5) 0.067 0.7366 
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Table 9.5 Quantitative VF Parameters for Involved Eyes Along with GDx RNFL Measurements 
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Figure 9.6. Correlation between superior visual field mean deviation (Garway-Heath et al18 sectors 2 
and 3) and GDx Nerve Fiber Analyzer (Laser Diagnostic Technologies, Inc, San Diego, Calif) sectoral 
parameter "inferior average" (difference between unaffected and affected eyes). r = 0.683.  
 

 

 
 
Figure 9.7. GDx Nerve Fiber Analyzer (Laser Diagnostic Technologies, Inc, San Diego, Calif) data for 
a patient with nonarteritic anterior ischaemic optic neuropathy in the right eye and a contralateral 
unaffected left eye. Note the flattening of the superior retinal nerve fibre layer hump. 

 

http://archopht.ama-assn.org.ezproxy.auckland.ac.nz/cgi/content/full/124/12/1720#REF-ECS60056-18
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9.6 Discussion 

In glaucoma, there is a correlation between structural measures of optic neuropathy, which is 

measured with SLP, and functional loss, which is measured with SAP.10 Scanning laser polarimetry 

(both with fixed corneal compensation and variable corneal compensation) has also been shown to 

differentiate patients with glaucoma from normal individuals with sensitivities and specificities of 72% 

to 78% and 56% to 92%, respectively,13,21,22,23,24 with the variable corneal compensator showing a 

stronger relationship.25, 26 However, to date, there is a paucity of studies that quantitate RNFL loss in 

nonglaucomatous optic neuropathies. The appearance of the optic nerve in NAION has not been 

evaluated quantitatively beyond a case report 18; rather it is usually subjectively described by 

estimating the degree and extent of pallor or qualitatively commenting on defects in the nerve fibre 

layer. Moreover, no available studies have been performed that quantitatively correlate RNFL loss in 

nonglaucomatous optic neuropathies with a corresponding decrease in VF sensitivities. To our 

knowledge, this study is the first to demonstrate that when examined with SLP, eyes affected with 

NAION show defects in the RNFL that can be identified both with the global and the sectoral SLP 

parameters. Furthermore, to our knowledge, this study is also the first to quantify a relationship 

between changes of the RNFL and corresponding changes in VF sensitivity in NAION.  

All global SLP parameters (with the exception of symmetry) were significantly different between 

affected and unaffected eyes. Our findings in NAION are similar to studies using SLP in glaucoma, 

with "number" and "maximum modulation" demonstrating the strongest correlation.27,28 The 

modulation parameters are theoretically more reliable, correcting for individual variation in the RNFL 

by using the patient's own temporal and nasal RNFL as a baseline.29 In our study, the absolute 

indexes of RNFL thickness, average, and ellipse average were not correlated with VF MD, in keeping 

with the findings of Lan et al.27The impact of a fixed corneal compensator improperly compensating 

for intersubject variability in corneal birefringence is the most likely explanation. Additionally, normal 

VF findings can be associated with a wide range of RNFL measurements. Thus, for a global parameter 

such as "average" to be significantly reduced in some subjects, a certain amount of RNFL damage 

must occur; hence, small focal RNFL or optic nerve head damage might be overlooked.  

Scanning laser polarimetry demonstrated attenuation of the RNFL in the superior and inferior sectors 

in the affected eyes compared with the contralateral unaffected eyes, with a greater loss seen in the 

superior RNFL. The temporal and nasal SLP and VF sectors were not significantly different between 

the affected and unaffected eyes. The inferior SLP indexes showed a significant correlation with the 

MD, reflecting that a significant sectoral RNFL defect can result in both sectoral and global loss of VF 

sensitivity. Similar correlations between sectoral parameters and MD have been reported in 

glaucomatous eyes.30 The inferior sectoral SLP parameters were also strongly correlated with the 

superior VF indexes, reflecting that VF defects in NAION tend to be altitudinal defects.  
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Surprisingly, no structure-function relationship was found between the superior RNFL segment and 

the corresponding inferior VF sectors. A similar finding was found in glaucomatous eyes using SLP, 

where inferior SLP indexes correlated strongly with superior VF indexes and superior SLP indexes did 

not correlate with inferior VF indexes.27 Recently, others have also identified weaker correlations 

between the inferior VF indexes and corresponding superior SLP indexes.31 

There are several possibilities that may account for this lack of correlation. The strength of the 

correlation in all the sectors may be affected by the fixed corneal compensator, which has been 

shown to affect the discriminating power of SLP in mild to moderate glaucoma.26,32,33,34 The fixed 

corneal compensator introduces an error in measurements by erroneously compensating for corneal 

birefringence where the axis and magnitude of birefringence differ from population mode values. The 

introduction of the variable corneal compensator to achieve individualized corneal compensation has 

improved the relationship between the RNFL measured with SLP and the VF test.25, 35 Inadequate 

(under) corneal compensation may result in a general increase in full-field retardation33 that may 

translate to spuriously high RNFL retardation, decreasing structure-function associations.29,32,33,36 

Another contributing factor may be a "floor effect," described by Schlottmann et al,37 which is when 

an RNFL of less than 20 µm is not detected. This would result in the detection of noise from other 

structures rather than signal from the remaining superior RNFL. In the present study, the superior 

RNFL was significantly thinner than the inferior (mean ± SD, 14.21 ± 8.41 µm vs 19.11 ± 10.55 µm), 

with the majority of affected eyes less than 20 µm. The MD was also more depressed in the inferior 

field (–15 dB) than the superior field (–8 dB) when compared with normal eyes. This loss of VF 

sensitivity, particularly in the inferior VF, may in fact equate to almost total loss of the superior RNFL.  

Finally, the lack of correlation could be partly explained by the arbitrary division of sectors of the SLP 

and VF map. The division of the VF map is not based on altitudinal pattern. Therefore, measurements 

of the superior and inferior VF sectors are approximates that exclude half of the nasal and temporal 

fields that cross over into the respective superior or inferior hemifields. Moreover, the structure-

function mapping used in this study attributes only 4 points to the temporal field and thus only 2 

points for the superotemporal and infer temporal fields. The nasal field is not sectorally represented 

on its own. Therefore, there may not be enough points to detect functional loss in such an analysis.  

In summary, to our knowledge, this study is the first to quantitatively measure the attenuation of the 

RNFL with SLP in a group of patients who had a previous episode of NAION. It demonstrates a partial 

topographic correlation of optic nerve structure with MD, where magnitude of focal RNFL attenuation 

was related to the magnitude of the decreased VF sensitivity.  

The ability to objectively measure the degree of damage to the optic nerve directly, rather than 

indirectly by the amount of VF damage, marks a juncture in the study of nonglaucomatous optic 

neuropathies. This study has shown that there is a quantitative relation between structure and 
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function in an optic neuropathy other than glaucoma. Future research should further investigate the 

structure-function relationship of neuro-ophthalmic conditions and determine whether these 

technologies may provide us with diagnostic and prognostic information to improve patient care.  
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9.7 Epilogue 

Since the publication of this work other investigators have evaluated  optic nerve head morphology in 

ischaemic optic neuropathy using technology upgrades associated with the GDx-FCC version of 

scanning laser polarimetry. The aim of these software upgrades has been primarily to neurtralise eye-

specific anterior segment polarization.11 

 

The original SLP (GDx-FCC)  device used in this study compensated for corneal birefringence with a 

fixed magnitude of 60nm and an axis of 15° nasally downward, values then thought to be 

representative of the general population.  Corneal birefringence has since been shown to exhibit 

extensive inter-individual differences.  

 

The next generation, GDx-VCC (Carl Zeiss Meditec, Inc, Dublin, California, USA), incorporated variable 

corneal compensation.  This was achieved by focusing on the birefringence measured at the macula. 

With negligible RNFL birefringence in the macula, the retardation of this region is attributed to the 

anterior segment and measured in each individual to compensate for corneal birefringence in 

readings from the optic disc. By this mechanism, the eye-specific anterior segment polarization axis 

and magnitude was determined and neutralized, providing more exact RNFL thickness measurements 

than the earlier fixed corneal compensation (FCC) technology. 

 

Saito et al used the GDx-VCC to show a correlation between GDx parameters measuring RNFL 

thickness and the corresponding visual field defect in AION38 GDx-VCC detected reduction in global, 

superior and inferior average RNFL thickness of 32%, 41%, and 32% (P < 0.0001), respectively, in 

NAION-affected eyes relative to fellow eyes38.   The results of GDx VCC were closely associated with 

the corresponding VFD with regression coefficients of 0.41 to 0.67.  

 

Deleon-Ortega studied patients following AION with both GDx-VCC and optical coherence 

tomography. i They demonstrated that RNFL measured by OCT provided better correlation with visual 

field changes than GDx did. Both instruments showed decreased RNFL in NAION eyes with altitudinal 

VF defects compared with control eyes, demonstrating loss of RNFL even in sectors of the optic disk 

that corresponded to relatively unaffected hemifield, suggesting greater damage beyond the extent 

estimated by VF methods. 

 

However, the issues in relation to the compensation of the corneal birefringence have ultimately 

limited the utilization of this technology in evaluating optic neuropathies. Currently the direction of 

research preference is to utilize either scanning laser ophthalmoscopy or optical coherence 

tomography in the assessment of the optic nerve head. 

 

 



 

112 
 

References 

1. Deleon-Ortega J, Carroll KE, Arthur SN, Girkin CA. Correlations between retinal nerve fiber layer and 

visual field in eyes with nonarteritic anterior ischemic optic neuropathy. American journal of 

ophthalmology. 2007;143(2):288-94.  

2. Saito H, Tomidokoro A, Sugimoto E, Aihara M, Tomita G, Fujie K, et al. Optic disc topography and 

peripapillary retinal nerve fiber layer thickness in nonarteritic ischemic optic neuropathy and open-angle 

glaucoma. Ophthalmology. 2006;113(8):1340-4.  

3. Arnold AC. Pathogenesis of nonarteritic anterior ischemic optic neuropathy. Journal of neuro-

ophthalmology : the official journal of the North American Neuro-Ophthalmology Society. 

2003;23(2):157-63.  

4. Hayreh SS. Anterior ischemic optic neuropathy: differentiation of arteritic from non-arteritic type and its 

management. Eye (Lond). 1990;4:25-41. 

5. Henkind P, Charles NC, Pearson J. Histopathology of ischemic optic neuropathy. American journal of 

ophthalmology. 1970;69(1):78-90.  

6. Quigley HA, Addicks EM. Quantitative studies of retinal nerve fiber layer defects. Archives of 

ophthalmology. 1982;100(5):807. 

7. Sommer A, Miller NR, Pollack I, Maumenee AE, George T. The nerve fiber layer in the diagnosis of 

glaucoma. Archives of ophthalmology. 1977;95(12):2149-56.  

8. Sommer A, Katz J, Quigley HA, Miller NR, Robin AL, Richter RC, et al. Clinically detectable nerve g 

atrophy precedes the onset of glaucomatous field loss. Archives of ophthalmology. 1991;109(1):77-83.  

9. Weinreb RN, Shakiba S, Sample PA, Shahrokni S, Van Horn S, Garden VS, et al. Association between 

quantitative nerve fiber layer measurement and visual field loss in glaucoma. American journal of 

ophthalmology. 1995;120(6):732. 

10. Reus NJ, Lemij HG. The relationship between standard automated perimetry and GDx VCC 

measurements. Invest Ophthalmol Vis Sci. 2004;45(3):840-5. 

11. Weinreb RN, Dreher AW, Coleman A, Quigley H, Shaw B, Reiter K. Histopathologic validation of Fourier-

ellipsometry measurements of retinal nerve fiber layer thickness. Archives of ophthalmology. 

1990;108(4):557-60.  

12. Reus NJ, Lemij HG. Diagnostic accuracy of the GDx VCC for glaucoma. Ophthalmology. 

2004;111(10):1860-5.  

13. Mohammadi K, Bowd C, Weinreb RN, Medeiros FA, Sample PA, Zangwill LM. Retinal nerve fiber layer 

thickness measurements with scanning laser polarimetry predict glaucomatous visual field loss. 

American journal of ophthalmology. 2004;138(4):592-601.  

14. Foroozan R, Buono LM, Savino PJ, Sergott RC. Scanning laser polarimetry of the retinal nerve fiber layer 

in central retinal artery occlusion. Ophthalmology. 2003;110(4):715-8.  

15. Meier FM, Bernasconi P, Sturmer J, Caubergh MJ, Landau K. Axonal loss from acute optic neuropathy 

documented by scanning laser polarimetry. The British journal of ophthalmology. 2002;86(3):285-7.  

16. Steel DH, Waldock A. Measurement of the retinal nerve fibre layer with scanning laser polarimetry in 

patients with previous demyelinating optic neuritis. Journal of neurology, neurosurgery, and psychiatry. 

1998;64(4):505-9.  



 

113 
 

17. Miyahara T, Kurimoto Y, Kurokawa T, Kuroda T, Yoshimura N. Alterations in retinal nerve fiber layer 

thickness following indirect traumatic optic neuropathy detected by nerve fiber analyzer, GDx-N. 

American journal of ophthalmology. 2003;136(2):361-4.  

18. Colen TP, van Everdingen JA, Lemij HG. Axonal loss in a patient with anterior ischemic optic neuropathy 

as measured with scanning laser polarimetry. American journal of ophthalmology. 2000;130(6):847-50.  

19. Weinreb RN, Shakiba S, Zangwill L. Scanning laser polarimetry to measure the nerve fiber layer of 

normal and glaucomatous eyes. American journal of ophthalmology. 1995;119(5):627-36.  

20. Garway-Heath DF, Poinoosawmy D, Fitzke FW, Hitchings RA. Mapping the visual field to the optic disc in 

normal tension glaucoma eyes. Ophthalmology. 2000;107(10):1809-15.  

21. Weinreb RN, Zangwill L, Berry CC, Bathija R, Sample PA. Detection of glaucoma with scanning laser 

polarimetry. Archives of ophthalmology. 1998;116(12):1583-9.  

22. Bowd C, Zangwill LM, Berry CC, Blumenthal EZ, Vasile C, Sanchez-Galeana C, et al. Detecting early 

glaucoma by assessment of retinal nerve fiber layer thickness and visual function. Invest Ophthalmol Vis 

Sci. 2001;42(9):1993-2003.  

23. Tjon-Fo-Sang MJ, Lemij HG. The sensitivity and specificity of nerve fiber layer measurements in 

glaucoma as determined with scanning laser polarimetry. American journal of ophthalmology. 

1997;123(1):62. 

24. Trible JR, Schultz RO, Robinson JC, Rothe TL. Accuracy of scanning laser polarimetry in the diagnosis of 

glaucoma. Archives of ophthalmology. 1999;117(10):1298-304.  

25. Greenfield DS, Knighton RW, Feuer WJ, Schiffman JC, Zangwill L, Weinreb RN. Correction for corneal 

polarization axis improves the discriminating power of scanning laser polarimetry. American journal of 

ophthalmology. 2002;134(1):27-33.  

26. Weinreb RN, Bowd C, Greenfield DS, Zangwill LM. Measurement of the magnitude and axis of corneal 

polarization with scanning laser polarimetry. Archives of ophthalmology. 2002;120(7):901-6.  

27. Lan Y, Henson D, Kwartz A. The correlation between optic nerve head topographic measurements, 

peripapillary nerve fibre layer thickness, and visual field indices in glaucoma. British journal of 

ophthalmology. 2003;87(9):1135-41. 

28. Kwon YH, Hong S, Honkanen RA, Alward WL. Correlation of automated visual field parameters and 

peripapillary nerve fiber layer thickness as measured by scanning laser polarimetry. Journal of 

glaucoma. 2000;9(4):281-8. 

29. Choplin NT, Zhou Q, Knighton RW. Effect of individualized compensation for anterior segment 

birefringence on retinal nerve fiber layer assessments as determined by scanning laser polarimetry. 

Ophthalmology. 2003;110(4):719-25.  

30. Horn FK, Jonas JB, Martus P, Mardin CY, Budde WM. Polarimetric measurement of retinal nerve fiber 

layer thickness in glaucoma diagnosis. Journal of glaucoma. 1999;8(6):353-62.  

31. Gardiner SK, Johnson CA, Cioffi GA. Evaluation of the structure-function relationship in glaucoma. Invest 

Ophthalmol Vis Sci. 2005;46(10):3712-7.  

32. Greenfield DS, Knighton RW, Huang XR. Effect of corneal polarization axis on assessment of retinal 

nerve fiber layer thickness by scanning laser polarimetry. American journal of ophthalmology. 

2000;129(6):715-22.  

33. Knighton RW, Huang XR, Greenfield DS. Analytical model of scanning laser polarimetry for retinal nerve 

fiber layer assessment. Invest Ophthalmol Vis Sci. 2002;43(2):383-92.  



 

114 
 

34. Reus NJ, Colen TP, Lemij HG. Visualization of localized retinal nerve fiber layer defects with the GDx 

with individualized and with fixed compensation of anterior segment birefringence. Ophthalmology. 

2003;110(8):1512-6.  

35. Tannenbaum DP, Hoffman D, Lemij HG, Garway-Heath DF, Greenfield DS, Caprioli J. Variable corneal 

compensation improves discrimination between normal and glaucomatous eyes with the scanning laser 

polarimeter. Ophthalmology. 2004;111(2):259-64. 

36. Niessen AG, Van Den Berg TJ, Langerhorst CT, Greve EL. Retinal nerve fiber layer assessment by 

scanning laser polarimetry and standardized photography. American journal of ophthalmology. 

1996;121(5):484-93.  

37. Schlottmann PG, De Cilla S, Greenfield DS, Caprioli J, Garway-Heath DF. Relationship between visual 

field sensitivity and retinal nerve fiber layer thickness as measured by scanning laser polarimetry. Invest 

Ophthalmol Vis Sci. 2004;45(6):1823-9. 

38. Saito H, Tomidokoro A, Sugimoto E, Aihara M, Tomita G, Fujie K, et al. Optic disc topography and 

peripapillary retinal nerve fiber layer thickness in nonarteritic ischemic optic neuropathy and open-angle 

glaucoma. Ophthalmology. 2006;113(8):1340-4. 

 
 

 
 
                                                        
 

 



115 

 

Chapter 10 

Optic Disc Morphology in Open-Angle 

Glaucoma Compared with Anterior Ischaemic 

Optic Neuropathies 
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10.1 Prologue 

 
One question that remained unanswered prior to this study was whether there were changes that 

occur in optic nerve head morphology in anterior ischaemic optic neuropathy that are related to the 

degree of enlargement and excavation of the optic cup. Several studies have suggested that after the 

resolution of optic nerve head swelling in AION there is a variable degree of thinning of the 

neuroretinal rim as well as enlargement and excavation of the cup.1,2,3,4,5,6 In particular, it is often 

stated that optic nerves following AAION, but not NAION, show these morphological changes.  Based 

on clinical photographs, conclusions were often made that these morphological changes resembled 

those of glaucoma.  

 

No previous study had directly compared the two groups of AION (NAION and AAION) with 

glaucomatous eyes using objective imaging devices.  Furthermore, no previous adjusted for the 

degree of visual field loss in assessing optic nerve morphology.  Therefore, the focus of this study 

was to evaluate the optic nerve head morphology in AION compared to glaucoma, specifically 

adjusting for the degree of damage both in terms of the visual field and retinal ganglion cell loss. We 

utilized two imaging technologies. Firstly, the Heidelberg Retinal Tomograph (HRT; Heidelberg 

Engineering, Heidelberg, Germany) was selected as it allows detailed analysis of the optic nerve cup 

and neuroretinal rim shape. Secondly, the OCT (Zeiss, Meditec) was also used to measure the extent 

of RGC damage.  
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10.2 Abstract 

Purpose 

To compare optic disc topography performed by confocal laser ophthalmoscopy in eyes with 

nonarteritic anterior ischaemic optic neuropathy (NAION), arteritic anterior ischaemic optic 

neuropathy (AAION), and open-angle glaucoma (OAG), adjusting for the amount of retinal ganglion 

cell (RGC) loss, as measured by nerve fibre layer (NFL) thickness and average visual field loss.  

Methods 

 At four referral centres, patients who met specific diagnostic criteria for OAG (103 persons, 152 

eyes), NAION (53 persons, 57 eyes), or AAION (18 persons, 20 eyes) underwent Heidelberg Retinal 

Tomography (HRT; Heidelberg Engineering, Heidelberg, Germany), Stratus Optical Coherence 

Tomography (OCT; Carl Zeiss Meditec, Inc., Dublin, CA), and Humphrey visual field testing (HFA; Carl 

Zeiss Meditec, Inc.). HRT parameters were compared in univariate and multivariate models, 

accounting for degree of RGC loss by either OCT NFL thickness or visual field mean deviation (MD). 

Acute AION occurred at least 6 weeks before testing.  

Results 

After adjustment for degree of injury according to either MD or mean NFL thickness, all HRT 

parameters were significantly different between OAG and both NAION and AAION. With similar 

damage, OAG eyes had larger, deeper cups; smaller rims; more cup volume; and less rim volume (all 

P <0.001). There were differences in disc topography between NAION and AAION, but they were not 

consistent for both measures of damage. Disc area and MD were also significantly associated with 

many HRT parameters. NFL thickness was greater at the same MD for both AAION and NAION 

compared with OAG.  

Conclusion 

NAION and AAION cause loss of RGCs, but have significantly different disc topography compared with 

OAG at a given level of RGC loss.  
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10.3 Introduction 

Optic neuropathies produce characteristic changes in the optic disc that reflect the underlying 

etiology, as well as the pattern and extent of damage to retinal ganglion cell (RGC) axons. The 

morphology of the disc in open-angle glaucoma (OAG) is characterized by thinning of the neuroretinal 

rim, excavation of the optic cup, and a higher cup/disc ratio. However, anterior ischaemic optic 

neuropathies (AION) have also been shown to demonstrate some of these features after the acute 

optic disc swelling subsides 1,2,3,4,5 In no study to date has the morphology of the optic disc been 

compared among OAG, arteritic anterior ischaemic optic neuropathy (AAION), and nonarteritic 

anterior ischaemic optic neuropathy (NAION) by using laser-based imaging. Unlike OAG, AAION and 

NAION involve acute injuries to the optic nerve, characterized by sudden loss of vision, optic disc 

swelling with resolution over weeks, visual field defects, and, ultimately, optic disc pallor and altered 

optic disc morphology. AAION is caused by an inflammatory vascular occlusion of the posterior ciliary 

arteries secondary to giant cell arteritis, producing pallid disc swelling. There is no distinctive 

premorbid disc appearance for AAION, but NAION occurs most commonly in eyes with a small optic 

disc diameter and a small cup and usually produces hyperemic disc swelling.7,8,9 

In several studies, investigators have documented that, after resolution of optic disc swelling in AION, 

but particularly in AAION, there is thinning of the neuroretinal rim and enlargement of the cup/disc 

ratio 1,2,3,4,5,6 Researchers have used the masked assessment of colour photographs to evaluate the 

morphologic differences in the optic disc appearance among these conditions. Discs with cups that 

seemed larger than average were often said to have "cupping," although the meaning of this term 

has rarely been expressed quantitatively. In one study,4 OAG discs differed from those in NAION and 

AAION, although AAION discs occasionally had a sufficiently large cup size to simulate that in early 

glaucoma. In another study, also a masked assessment of colour photographs, the investigators 

reported that there was a large cup/disc ratio in 92% of AAION eyes versus 4% of NAION eyes. 3 In 

neither of these studies, however, was adjustment made for the degree of visual field loss in 

assessing the cup/disc ratio. An important finding noted in both studies was that both forms of AION 

had pallor of the remaining neuroretinal rim,3,4 whereas in OAG, the remaining rim was most often 

pink. With Heidelberg Retinal Tomography (HRT; Heidelberg Engineering, Heidelberg, Germany), 

AAION-affected eyes demonstrated significantly larger cup/disc ratios, thinner neuroretinal rims, and 

deeper cups than in NAION-affected eyes.5 In another study in which HRT was used in a Japanese 

population, significant differences between NAION and OAG eyes were found in many HRT 

parameters, after adjustment for the degree of visual field loss or loss of retinal nerve fibre layer 

(NFL) thickness. The same investigators also found that the NAION eyes had somewhat smaller disc 

rims than did the fellow eyes.10,11 This group confirmed that, in NAION, eyes have smaller disc areas 

than control eyes; however, there were no cases of AAION for comparison in their study.  

 

http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/51/4/2003#B4
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We extended these analyses by using HRT topography to directly compare, for the first time, the 

effects of AAION, NAION, and OAG. We also included the important step of adjusting for the degree 

of RGC loss by determining mean deviation (MD) in the visual field or mean NFL thickness by optical 

coherence tomography (OCT).  

10. 4 Methods 

Patient Selection 
This study adhered to the Declaration of Helsinki and was approved and monitored by the institutional 

review boards of the Johns Hopkins University School of Medicine, the University of Auckland, the 

University of Alabama, and the Wills Eye Institute. Patients met formal criteria for the diagnoses of 

OAG, AAION from biopsy-proven giant cell arteritis, or NAION. We enrolled 103 subjects (152 eyes) 

with OAG by sequentially soliciting patients at the Wilmer Glaucoma Service. They were included in a 

previous report comparing OAG and angle-closure glaucoma.12 Their OAG met the criteria of Foster et 

al.,13 including open angles by gonioscopy and a specifically defined cup/disc ratio and visual field loss 

in at least one eye. The field loss was defined as a glaucoma hemifield test result outside normal 

limits and three points abnormal at the 5% level in one hemifield on the pattern deviation plot of a 

Humphrey Field Analyser (HFA2; Carl Zeiss Meditec, Inc.), according to the Swedish Interactive 

Thresholding Algorithm (SITA) Standard 24-2 program. Because there are no specific diagnostic 

criteria for pigment dispersion and exfoliation syndromes, we included eyes in which either condition 

was suspected. These patients otherwise met the same diagnostic criteria as other patients with OAG. 

Patients with secondary causes of glaucoma, other retinal or optic nerve disease, spherical refraction 

greater than ±5.0 D, or cylinder correction greater than ±3.0 D were excluded.  

Eighteen subjects (20 eyes) with AAION and 53 subjects (57 eyes) with NAION were also enrolled. 

Because these diseases are not common and because testing had to be performed at least 6 weeks 

after acute optic disc swelling had first been documented, these subjects were identified and recruited 

both in the clinic and through administrative and clinical records, with some subjects returning for 

additional examination and testing. The diagnosis of AION was made by a neuro-ophthalmologist 

based on clinical examination and history. All subjects with AAION or NAION had optic disc swelling 

observed by one of the authors at the time of onset of visual loss. All cases of AAION were associated 

with clinical features of giant cell arteritis, and the diagnosis was confirmed by temporal artery biopsy. 

Subjects were included if they had complete clinical information, an HRT of adequate quality, and 

either a 24-2 visual field test or an OCT of the peripapillary NFL. Patients who were unable to perform 

visual field tests because of severe visual field loss had only results of the OCT of the RNFL included.  

Examination and Testing 
Demographic information was recorded including age, sex, and ethnic derivation (African, Asian, 

Caucasian, or other), and history of cataract surgery. Subjects underwent a complete ocular 
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examination including Snellen visual acuity, Goldmann applanation tonometry, gonioscopy (glaucoma 

group only), slit lamp examination, and dilated fundus examination. The refractive error used was the 

presenting eyeglass correction. Each enrolled eye also underwent visual field testing with the HFA 

SITA Standard 24-2 algorithm and OCT examination of the peripapillary NFL (Fast RNFL scan, Stratus 

OCT; Carl Zeiss Meditec, Inc.). Patients were included if either the visual field test result met the 

reliability criteria or their OCT scans were of good quality (signal strength >4 on three consecutive 

scans). Scanning laser ophthalmoscopy of the optic disc was performed (HRT2 or -3 with Eye Explorer 

software version 1.5.1.0; Heidelberg Engineering). Because keratometry was not routinely obtained in 

all patients, we used the default values for this parameter in the HRT. To determine whether 

refraction could affect our conclusions, we compared disc area in phakic eyes with that in 

pseudophakic eyes in patients with OAG. There was no significant difference between the groups 

(data not shown), which supports the concept that optical differences did not substantially bias the 

disc diameter measurement.  

A single expert (HAQ) identified the optic disc border on all HRT scans. HRT results were assessed 

according to three criteria: The disc contour had to be drawn accurately in the HRT software, the HRT 

software had to be able to analyse the images, and the standard deviation of the three scans making 

up each study had to be <50 mm2. The OCT, visual field, and eye examinations were completed 

within a 6-month period in each subject and took place at least 6 weeks after the initial observation of 

disc swelling in the AION groups.  

Estimation of RGC Loss 
All patients with OAG satisfied visual field criteria for glaucomatous field loss, but not every eye with 

OAG or AION had a recent analysable field test of the correct type and quality for inclusion in these 

data. Eyes with documentation of disease status, but for which there were no acceptable visual field 

results at the time of the study, were included only if an OCT NFL thickness was obtained as an 

alternate measure of optic nerve damage. As will be described later in the article, analysis with OCT 

NFL thickness used as a measure of damage was performed separately from analysis with visual field 

MD. This approach maximized our ability to detect differences in HRT parameters. When both eyes of 

a subject qualified for inclusion, data from both eyes were used with appropriate statistical 

adjustment.  

Statistical Analysis 
Demographics of the three groups were compared pair-wise by using the t-test for comparing age 

and Fisher's exact test for eye laterality (right, left, both), sex, and ethnicity. Because some subjects 

had both eyes enrolled in the study, the generalized estimating equation (GEE)14  was used when 

analysing data derived from eyes (as opposed to people). The GEE method accounts for the within-

group correlations introduced when some subjects contribute data from both eyes. Differences 

between groups in numeric variables were assessed with GEE in a Gaussian model. The numeric 
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parameter was the dependent variable in the model, whereas diagnosis was an independent variable. 

Other dependent variables included intraocular pressure (IOP) at the time of the examination, 

spherical equivalent refractive error, logarithm of the minimum angle of resolution (logMAR) visual 

acuity, and HRT disc area. Differences in history of cataract extraction were similarly assessed, using 

GEE in a binomial model.  

The eyes with a valid visual field result were used to compare the HFA MD and pattern standard 

deviation (PSD) among the three groups by using GEE in a Gaussian model. Similarly, eyes with an 

OCT NFL scan were used to compare the average NFL thickness among the groups. Finally, we used 

the same method to compare the values of the HRT parameters in the three groups.  

To compare the differences in HRT parameters among groups, while also controlling for the total 

amount of damage, we used GEEs to generate multiple regression models in which the HRT 

parameter was the dependent variable, and diagnosis, HFA MD, HRT disc area, and HRT reference 

plane height were all independent variables. To determine the effect of age, we generated these 

models with age as an additional independent variable. Separate models were created with the 

following dependent variables: cup area, rim area, cup/disc area ratio, cup volume, rim volume, mean 

cup depth, cup shape measure, and vertical cup/disc ratio. The HFA MD was included to control for 

the total amount of damage in the eye. We controlled for disc area because it is related to other disc 

measures.15,16 The reference plane height was included because there may be a greater proportionate 

loss of macular NFL in AION than in OAG.17 Because reference height is critically dependent on the 

temporal (macular) zone of NFL, failure to correct for reference height could bias comparisons of HRT 

data. The same multiple regression analysis of the HRT parameters was repeated using the OCT mean 

NFL thickness as an alternate measure of total damage (i.e., in place of MD). The MD and NFL 

thickness measures of damage were thought to be complementary, as one measures functional 

damage and the other measures structural loss of NFL.  

We tested the significance of our regression analyses in which topographical parameters were the 

dependent variable using both the standard P < 0.05 level of significance and the conservative 

Bonferroni method. With nine different comparisons of HRT parameters among the disease entities in 

the univariate regression models, P = 0.05/9 or 0.0055 was significant after the Bonferroni correction. 

With eight HRT parameters in the multivariate models (not including reference height, which was an 

independent variable in these models), the Bonferroni-corrected significance level was P = 0.05/8 or 

0.0063.  

All statistical analyses were performed using R version 2.8.0 (http://www.r-project.org) with the 

geepack library.18 

 

http://www.r-project.org/
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10.5 Results 

Comparison of Diagnostic Groups 
Subjects with NAION had a significantly younger mean age than in both the OAG and AAION groups 

(Table 10.1). More than half the patients with OAG and NAION were men, whereas significantly more 

patients with AAION were women. Most subjects were European-derived, with the NAION group 

being significantly more so than the OAG group. The OAG group was significantly more myopic than 

either AION group, and more were pseudophakic among the patients with OAG than among those 

with NAION (Table 10.2) The disc area was significantly smaller in NAION eyes than in either OAG or 

AAION eyes, and AAION eyes had significantly worse visual acuity than eyes with either NAION or 

OAG.  

 
 
 
TABLE 10.1. Comparison of Subject Characteristics between Groups  
 

 OAG (n = 

103) 

NAION (n 

= 53) 

AAION (n 

= 18) 

P  (OAG vs. 

NAION) 

P  (OAG vs. 

AAION) 

P  (NAION vs. 

AAION) 

 

Age, y (SD) 69.3 

(11.2) 

60.3 

(12.0) 

73.0 (7.3) <0.001 0.08 <0.001 

Eye, % with 

both 

54.4 13.2 16.7 <0.001 0.002 0.93 

Sex, % 

female 

32 47 67 0.08 0.008 0.18 

Ethnicity, %    0.04 0.24 0.57 

    African 13.6 5.7 0    

    Asian 3.9 0 0    

    European 76.7 94.3 100    

    Other 5.8 0 0    
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TABLE 10.2. Comparison of Eye Characteristics between Groups  

 OAG (n 

= 152) 

NAION (n 

= 57) 

AAION (n  

= 20) 

P  (OAG 

vs. 

NAION) 

P  (OAG 

vs. 

AAION) 

P  (NAION 

vs. 

AAION) 
 

IOP, mm Hg 

(SD) 

14.7 

(4.5) 

14.8 (3.5) 14.5 (3.0) 0.96 0.81 0.73 

  n = 56     

Refractive error, 

D (SD) 

–2.0 

(3.0) 

0.21 (1.9) –0.29 

(2.0) 

<0.001 0.002 0.50 

 n = 93 n = 55 n = 18    

Acuity, logMAR 

(SD) 

0.27 

(0.44) 

0.42 (0.66) 1.1 (1.0) 0.13 <0.001 0.006 

Pseudophakia, % 45 18 35 0.001 0.40 0.06 

Disc area, mm2 

(SD) 

1.8 

(0.41) 

1.7 (0.37) 1.84 

(0.34) 

0.03 0.69 0.04 

 

 

 

Univariate Analysis of Imaging Parameters 
AAION eyes had significantly more damage, as judged by visual field MD, than did either OAG or 

NAION eyes, whereas MD in OAG and NAION eyes was similar. By contrast, the mean OCT NFL 

thickness was similar in OAG and AAION eyes, and eyes with either of these disorders had 

significantly thinner NFL than did NAION eyes (Table 10.3). 

 

 



124 

 
TABLE 10.3. Visual Field and OCT NFL Thickness Parameters for the Three Groups 
  

 OAG NAION AAION P  (OAG  
vs. 

NAION) 

P  (OAG  
vs. 

AAION) 

P  (NAION 
vs. 

AAION) 
 

MD, dB (SD) –10.0 
(7.2) 

–10.8 
(8.4) 

–18.6 
(9.6) 

0.23 <0.001 0.003 

 n = 135 n = 54 n = 16    

PSD, dB (SD) 8.7 (3.8) 8.8 (4.0) 8.7 (3.9) 0.90 0.87 0.92 

Average NFL 
thickness, µm (SD) 

60.3 
(14.1) 

71.3 
(21.5) 

56.8 
(21.1) 

0.008 0.38 0.022 

 n = 147 n = 49 n = 16    

 

 

Significant P-values are shown in bold.  
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In the comparison between OAG and either NAION or AAION, diagnosis was a significant 

predictor of OCT NFL thickness when controlling for MD. (Table 10.4) For a given MD, NFL 

thickness was greater in NAION or AAION than in OAG, but there was no significant difference 

between the AAION and NAION groups. The relationship between MD and mean OCT NFL 

thickness in the three groups is shown in Figure 10.1. 

 
 
 
TABLE 10.4. Multiple Regression Coefficients for Diagnosis and Visual Field MD with OCT 
RNFL as the Dependent Variable  

 OAG/NAION OAG/AAION NAION/AAION 
 

Diagnosis 11.5 (p < 0.001) 11.4 (P = 0.01) 5.3 (P = 0.22) 

MD 1.4 (P < 0.001) 1.2 (P < 0.001) 2.0 (P < 0.001) 
 

 
 
 
FIGURE 10.1. Visual field MD versus average NFL thickness for the three groups in the 
study.  
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In the univariate analysis of HRT parameters (Table 10.5), there were significant differences 

between OAG and NAION for all parameters, using the corrected significance level of 0.0055. 

NAION and AAION differed at the corrected significance level for cup area, cup/disc area 

ratio, cup volume, rim volume, and vertical cup/disc ratio, and at P < 0.05 for all other 

structural measures except reference height. OAG and AAION differed at the corrected 

significance level in rim area, cup volume, mean cup depth, and reference height. 

 
 
TABLE 10.5. Univariate Comparison of HRT Parameters between Eyes  
 
 OAG (n 

= 152) 
NAION 

(n = 57) 
AAION 

(n = 20) 

P  (OAG 
vs. 

NAION) 

P  (OAG 
vs. 

AAION) 

P  (NAION 
vs. 

AAION) 
 

Cup area, 
mm2 

0.94 
(0.48) 

0.29 
(0.29) 

0.66 
(0.39) <0.001 0.019 <0.001 

Rim area, 
mm2 

0.89 
(0.32) 1.4 (0.33) 1.2 

(0.38) <0.001 0.003 0.01 

Cup/disc area 
ratio 

0.49 
(0.20) 

0.16 
(0.15) 

0.35 
(0.22) <0.001 0.023 <0.001 

Cup volume, 
mm3 

0.26 
(0.24) 

0.05 
(0.07) 

0.12 
(0.09) <0.001 <0.001 <0.001 

Rim volume, 
mm3 

0.19 
(0.11) 

0.37 
(0.15) 

0.25 
(0.15) <0.001 0.137 0.004 

Mean cup 
depth, mm 

0.28 
(0.13) 

0.13 
(0.08) 

0.17 
(0.07) <0.001 <0.001 0.009 

Cup shape 
measure, mm 

–0.08 
(0.08) 

–0.17 
(0.06) 

–0.13 
(0.08) <0.001 0.017 0.03 

Vertical 
cup/disc ratio 

0.70 
(0.23) 

0.21 
(0.25) 

0.50 
(0.31) <0.001 0.033 <0.001 

Reference 
height, mm2 

0.38 
(0.15) 

0.24 
(0.13) 

0.29 
(0.10) <0.001 <0.001 0.066 

 

Data are expressed as the mean (SD). Bold indicates that the difference exceeded the 
corrected significance level of 0.0055.  
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Multivariate Analysis of HRT Parameters 

 
In multivariate models of HRT parameters, we accounted for either MD or average OCT NFL 

thickness (but not both in the same model) as independent variables to adjust for degree of 

RGC loss. Disc area and reference height were also included in each model, as they are 

known to be related to other HRT parameters. In the models with MD as the damage 

criterion, OAG eyes differed significantly from both NAION and AAION eyes in all HRT 

parameters, having a larger cup area, smaller rim area, larger cup/disc ratio, larger cup 

volume, smaller rim volume, and greater cup depth (at the corrected significance level). 

When comparing NAION to AAION and controlling for RGC loss using MD, only cup volume 

achieved significance at P < 0.0063. At uncorrected P < 0.05, eyes with NAION had a 

significantly smaller cup area, a larger rim area, and a larger cup/disc ratio (Table 10.6). In 

the models with OAG against the two forms of AION, MD was independently associated with 

cup and rim area, cup/disc area ratio, and rim volume but not with cup volume, mean cup 

depth, or cup shape. In those same models, disc area was significantly associated with all 

HRT parameters except rim volume. When age was added to the multivariate model, the 

difference between AAION and NAION decreased, but remained significant (at the 

uncorrected significance level) when controlling for OCT RNFL thickness (data not shown).  
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TABLE 10.6. Multivariate Models of HRT Parameters with Diagnosis as the Independent 
Variable and Controlling for MD, Disc Area, and Reference Height  
 

 Cup 
Area 

Rim Area Cup-Disc 
Area 
Ratio 

Cup 
Volume 

Rim 
Volume 

Mean Cup 
Depth 

Cup 
Shape 

Vertical Cup-Disc 
Ratio 

 

OAG (n = 135) vs. NAION (n = 54) 
 

Diagnosis –0.63* 0.62* –0.35* –0.22* 0.22* –0.13* –0.092* –0.47* 

MD –0.010* 0.01* –0.005* –0.003 0.004* 0.001 –0.002 –0.004 

Disc area 0.74* 0.26* 0.19* 0.30* 0.03 0.14* 0.055* 0.23* 

Reference 
height 

–0.30 0.30 –0.15 –0.18 0.28* 0.13 0.012 –0.04 

OAG (n = 135) vs. AAION (n = 16) 
 

Diagnosis –0.56* 0.56* –0.30* –0.25* 0.16* –0.14*   –0.097* –0.34* 

MD –0.013* 0.013* –0.007* –0.004 0.004* 0 –0.002 –0.006 

Disc area 0.81* 0.19* 0.19* 0.35* 0.018 0.16* 0.062* 0.22* 

Referenc
e height 

–0.39 0.39 0.24 –0.18 0.33* 0.12 0.007 –0.21 

NAION (n = 54) vs. AAION (n = 16) 
 

Diagnosis 0.20 –0.21 0.098 0.068* –0.065 –0.023 –0.004 0.17 

MD –0.004 0.004 –0.002 –0.001 0.005* 0.001 –0.002* 0.00 

Disc area 0.50* 0.50* 0.18* 0.097* 0.042 0.30*        0.042 0.31* 

Reference 
height 

0.026 –0.028 0.008 –0.36* 0.21 0.11 –0.005 –0.22 

 

Data are the regression coefficients for each of the model variables. * P 0.0063. ;P 0.05.  
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In multivariate models with mean OCT RNFL thickness used as the measure of damage, the 

findings were similar to those with MD. Again, OAG eyes differed significantly from both 

NAION and AAION eyes in all HRT parameters (Table 10.7), with the former showing larger 

cup area and volume, smaller rim area and volume, greater cup depth, and a more positive 

cup shape measure. The coefficients in the model comparing NAION and AAION were 

generally larger in magnitude than those in the HFA MD analysis. The significant differences 

between NAION and AAION eyes were a smaller cup volume and smaller vertical cup/disc 

ratio in NAION. OCT RNFL thickness was associated only with cup shape measure.  

 
 
 
TABLE 10.7. Multivariate Models of HRT Parameters with Diagnosis as the Independent 
Variable and Controlling for MD, Disc Area, and Reference Height  

 Cup 
Area 

Rim 
Area 

Cup-Disc 
Area Ratio 

Cup 
Volume 

Rim 
Volume 

Mean 
Cup 

Depth 

Cup 
Shape 

Vertical 
Cup-Disc 

Ratio 

 

OAG (n = 135) vs. NAION (n = 54) 
 

Diagnosis –0.63* 0.62* –0.35* –0.22* 0.22* –0.13* –0.092* –0.47* 

MD 0.010* 0.01* –0.005* –0.003 0.004* 0.001 0.002 –0.004 

Disc area 0.74* 0.26* 0.19* 0.30* 0.03 0.14* 0.055* 0.23* 

Reference 
height 

–0.30 0.30 –0.15 –0.18 0.28* 0.13 0.012 –0.04 

OAG (n = 135) vs. AAION (n = 16) 
 

Diagnosis –0.56* 0.56* –0.30* –0.25* 0.16* –0.14* –0.097* –0.34* 

MD 0.013* 0.013* –0.007* –0.004 0.004* 0 –0.002 –0.006 

Disc area 0.81* 0.19* 0.19* 0.35* 0.018 0.16* 0.062* 0.22* 

Reference 
height 

–0.39 0.39 0.24 –0.18 0.33* 0.12 0.007 –0.21 

NAION (n = 54) vs. AAION (n = 16) 
 

Diagnosis 0.20 –0.21 0.098 0.068* –0.065 –0.023 –0.004 0.17 

MD –0.004 0.004 –0.002 –0.001 0.005* 0.001 –0.002* 0.00 

Disc area 0.50* 0.50* 0.18* 0.097* 0.042 0.30* 0.042 0.31* 

Reference 
height 

0.026 –0.028 0.008 –0.36* 0.21 0.11 –0.005 –0.22 

 

Data are the regression coefficients for each of the model variables. * P <0.0063. P 0.05.  
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To illustrate the average difference between HRT findings in OAG, NAION, and AAION eyes, 

we selected from each disorder typical HRT disc image examples that had an average 25-dB 

loss in MD (Figure 10.2). The size of the cup, shown in red, was proportionately much greater 

in the OAG than the AAION or NAION eyes.  

 

 

 

 

FIGURE 10.2. Representative HRT images from each of the three groups. The images were 

selected from the patient in each group with MD closest to –25 dB. The cup was clearly much 

larger in the glaucomatous eye. In this particular example, the disc diameter was largest in 

the AAION eye, although the mean disc diameters of OAG and AAION eyes were similar and 

both larger than the mean NAION disc diameter.  



 

131 
 

10.6 Discussion 

In this study, eyes with OAG, NAION, and AAION had different topography of the optic disc, 

as measured by scanning laser ophthalmoscopy. When we used RNFL thickness or MD as a 

surrogate measure of loss of RGC, discs affected by OAG had significantly less disc rim tissue 

and a dramatically deeper cup than either NAION or AAION. When comparing the disc 

topography of OAG and AION, we also controlled for disc area. It is well known that disc area 

affects cup size and rim area, presumably because smaller discs have, in general, fewer nerve 

fibres,19 and NAION eyes have smaller disc diameter than the general population. In eyes with 

NAION, disc area was significantly smaller than that in either AAION or OAG. We found some 

differences in disc topography between AAION and NAION; however, neither NAION nor 

AAION eyes exhibited the significant deepening of the cup that was seen in OAG. Our 

univariate analysis revealed that OAG discs had almost seven times greater cup volume and 

twice the cup depth as NAION discs and twice the cup volume and one-third greater cup 

depth than AAION discs. Of note, the cup area and the cup/disc area ratio are not 

significantly different between OAG and AAION, suggesting that, although there is 

enlargement of the cup size and thinning of the rim area in both disorders, the posterior 

excavation is far more dramatic in OAG eyes than in AAION eyes. For a given level of field 

loss, our multivariate models showed that both forms of AION had cups that were not as deep 

and had less volume than those in OAG. Our multivariate analysis also showed some 

differences between AAION and NAION when examined by HRT. In both the models using 

MD and those using mean NFL thickness, AAION eyes had larger cup volumes than did eyes 

with NAION.  

A possible hypothesis for our findings is that OAG, NAION, and AAION result in damage to the 

prelaminar and laminar zones of the optic nerve head that differs in severity and in the 

specific structures most damaged. The prelaminar zone consists largely of RGC axons (with 

some astrocytes and capillaries), whereas the laminar zone consists of load-bearing laminar 

connective tissues through which pass the axon bundles.20,21 Our findings suggest that OAG 

affects the laminar connective tissues much more than either NAION or AAION. All three 

disorders lead to RGC axon loss and thus are likely to produce some prelaminar tissue loss, 

but the increased cup depth and volume in OAG—with the same degree of RGC axon loss as 

in NAION or AAION—suggests that the supporting connective tissues of the lamina are 

retrodisplaced and/or thinned much more in OAG. At similar injury levels (defined by NFL loss 

or MD), NAION and AAION eyes have relative preservation of the neuroretinal rim compared 

with OAG eyes, which may reflect the optic disc pallor and RGC loss seen in these eyes.  
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The results do not mean that vascular insults do not affect laminar connective tissues to some 

degree, but they do indicate that the displacement of the lamina and widening of the 

posterior scleral canal that characterizes glaucoma does not happen to any detectable degree 

in NAION and only marginally in AAION. Laminar deformation has been shown in 

experimental monkey glaucoma22 and human23 by histologic study, but no well-documented 

specimens of human AION have been studied in a manner that shows laminar architecture. It 

is feasible that some reorganization of laminar connective tissues occurs in the two forms of 

AION; however, the type and severity of laminar deformation must be substantially smaller 

than in OAG, based on our HRT data.  

In both the models using MD and the models using mean NFL thickness as measures of 

damage, AAION eyes had significantly larger cup volumes than did eyes with NAION. These 

differences between AAION and NAION eyes may result from differences in pathologic events 

or from relative differences in the baseline structure of the optic disc. Because NAION eyes 

had a somewhat smaller disc diameter than AAION eyes, it is possible that NAION eyes also 

have a different composition of laminar connective tissue—perhaps showing greater 

resistance to deformation—than eyes with AAION. Alternatively, AAION is associated with 

occlusion of the major arterial input to the eye (retina, choroid, and ciliary), whereas the 

vascular changes that occur in NAION appeared to be limited to the nerve head area. This 

effect may lead to more profound changes in optic nerve tissues in AAION than in NAION. Of 

interest, animal models of vascular occlusion of the optic disc have never shown changes in 

connective tissue within the affected region similar to those in eyes with OAG. The recent 

development of a nonhuman primate model simulating aspects of NAION24 could be used to 

investigate this question.  

We found that for the same amount of visual field loss as judged by MD, OAG eyes had a 

greater reduction in mean NFL thickness than AION eyes. Although there have been several 

studies of the structure–function relationship in OAG,25 few reports have compared this 

relationship between AION and OAG. Hood et al.26 compared OCT-measured RNFL thickness 

in upper and lower poles with corresponding visual field locations in 24 AION eyes and 15 

OAG eyes. The type of AION was not indicated. These investigators stated that the 

relationship in these sectors of the RNFL and field between their patients with AION and 

those with OAG was similar; however, they presented no formal statistical comparisons to 

support their conclusions. They also identified that OCT RNFL thickness, after extensive RGC 

damage, retained a value of nearly 50 µm. This apparent floor effect may reflect the 

contribution of nonaxonal tissue to the measure or an artifact in the way the image is 

segmented by the analysis software. In our study, eyes with AAION had significantly more 

visual field damage than did eyes with either OAG or NAION; however, due to the floor effect 

in RNFL thickness—approximately 40 µm—their structural damage may be underestimated in 
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the multivariate analysis. Nevertheless, our comparisons show statistically significant 

differences in the MD-RNFL relationship between OAG and both NAION and AAION, using 

overall field and NFL data instead of the sectoral data used by Hood et al. We therefore 

conclude that when a similar estimated loss of RGCs has occurred, OAG has a significantly 

greater effect on RNFL thickness, in addition to greater loss of disc rim tissue and a greater 

deepening of the cup, than does either AAION or NAION.  

Although not all AAION eyes could perform visual field tests, our data may point to a 

fundamental difference in how RGCs are affected by NAION and AAION, compared with OAG. 

First, this difference may derive from a differential susceptibility of RGC types to injury in the 

two forms of AION, or it may be a result of methodological differences in laser imaging. 

Clinically, visual acuity, hence, macular RGC function, is more often affected in AION than in 

OAG for the same degree of overall field loss. The macular RGCs have thinner axons and 

contribute less to overall NFL thickness as measured by OCT, perhaps explaining our finding. 

A second methodologic explanation of our findings of greater mean NFL thickness in eyes 

with NAION or AAION compared with OAG is the possibility that the NFL in eyes with NAION 

and AAION remained swollen from the acute event longer than the 6-week minimum that we 

allowed. Most of our imaging studies were performed longer than 6 weeks after presentation, 

with 52 (91%) of 57 NAION and 16 (80%) of 20 AAION eyes imaged with HRT and/or OCT 3 

months or more after the event. Although one recent report suggests that swelling after 

NAION should have resolved by this time, 27  another publication indicated that RNFL thinning 

may not fully plateau until 6 months.28 Hence, there may have been mild further thinning of 

RNFL thickness in NAION and AAION eyes that has not been considered in our analysis. It is 

possible that further studies of NFL and field correlations in NAION, such as that performed by 

Alasil et al.28 will provide a more complete explanation of this relationship. Finally, the 

different pathophysiology of these three optic neuropathies may have differential effects on 

retinal glial cells and blood vessels and structures that make variable contributions to the 

RNFL profile.  

To further evaluate the role of the interval from the ischaemic event in either type of AION to 

the date of testing, we reran our analyses including only those subjects with an interval of at 

least 3 months (data not shown). All statistically significant differences between the three 

groups of subjects remained but the smaller disc area in the NAION eyes was non-significant 

in the reanalysis. In the univariate analysis of HRT parameters, OAG remained different from 

NAION in all cases. There was also no change in the significant differences between OAG and 

AAION and between NAION and AAION. Furthermore, the differences between OAG and 

NAION in the multivariate analysis were all unchanged, and the differences found between 

OAG and AAION changed only slightly: The difference in rim volume became non-significant 

at the corrected probability when we used MD and controlled for damage and the same was 
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true for vertical cup/disc ratio when we used NFL thickness controlled for damage. As 

expected, the probabilities for differences between NAION and AAION decreased in this 

analysis, with none reaching the corrected significance level. Based on this analysis, we 

remain confident in our primary conclusion regarding differences in disc topography between 

OAG and either form of AION at a given level of ganglion cell loss.  

This study has several limitations. First, we assumed that both RNFL thickness and visual field 

tests in AION and OAG are adequate methods for determining the number of RGCs, even 

though the disorders may affect the structure of the optic disc, visual function, or both in 

quite different ways. The single episode of NAION or AAION typically results in sudden loss of 

central visual acuity and colour vision, whereas OAG spares visual acuity until very late in the 

process. It is possible that a different population of RGCs is damaged in OAG than in eyes 

with AION. Various populations of RGCs have different axon diameters and different 

topographic distributions near the optic disc. These considerations could influence the RNFL 

thickness measurement. If indeed a larger number of smaller diameter macular fibres  are 

affected in AION than in OAG, then RNFL thickness could underestimate RGC loss in NAION 

and AAION compared with OAG. This underestimation could have contributed to the 

difference in the MD-RNFL relationship between AION and OAG observed in our study. 

Furthermore, Humphrey visual field testing emphasizes the superior and inferior arcuate 

zones and minimizes testing of the papillomacular bundle, which is more damaged in AION 

than in OAG. These factors may result in an underestimation of the amount of RGC damage 

(as reflected in the MD) in AION. In addition, RNFL thickness represents the sum of two 

components: (1) the thickness derived from an age-dependent population of RNFL axons and 

(2) the thickness of nonneural, glial tissue, which partly compensates for the age-related 

decrease in axons in the NFL. In OAG, an increase in nonneural, glial tissue has been 

suggested in histologic studies of postmortem human eyes. Hence, it is likely that in advanced 

disease, OAG and AION differ in the relative amount of remaining glial tissue.29 Another 

limitation is that many of our patients with OAG had undergone visual field testing before 

entering the study, whereas subjects with AION were unlikely to have undergone any field 

testing before their acute loss of vision. In addition, all patients with OAG were from one 

center, whereas subjects with AAION and NAION were recruited from four centers. Finally, 

we excluded patients for whom we were not able to obtain reliable imaging or visual field 

testing. This predominantly affected the patients with AAION, who often had profound visual 

field loss to levels of hand movements or worse. Hence, our AAION population may not be 

representative of the degree of damage that normally occurs in these patients. On the other 

hand, the measures of damage (OCT RNFL thickness, field MD) showed significantly worse 

effects in the AAION group, suggesting that we did capture some of the differences in disease 

severity.  
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In summary, we found that the topography of the optic disc differed significantly between 

eyes with OAG and eyes with either NAION or AAION, demonstrating greater excavation, 

greater thinning of the neuroretinal rim, and more RNFL loss after adjusting for the estimated 

degree of RGC loss. The consistent difference between AAION and NAION when controlling 

for total damage was in cup volume.  
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10.7 Epilogue 

 
A peer-reviewed paper based on this chapter remains the major, comprehensive work in the 

field30.  However, a study published contemporaneously by Horowitz et al to the work in this 

chapter also addresses the issue of the changes in optic nerve head morphology in AION.31  
 

Horowitz et al focused on eyes with only NAION compared to glaucoma and did not include  

AAION. This study did not address changes in the optic cup shape or neuroretinal rim, but 

rather was directed towards comparing the structure-function correlation. In addition, they 

limited both the NAION and the glaucoma groups to those who had only visual loss in one 

hemifield. They observed that there was no statistical difference in the degree of thinning of 

the RNFL corresponding to the affected area in glaucoma and NAION. However, 

glaucomatous eyes revealed greater RNFL thinning in the quadrants not corresponding to the 

visual field defect. These finding may be due to the difference in the mechanism behind RNFL 

loss in glaucoma and NAION. 
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11.1 Prologue 

 

The main focus in evaluating anterior ischaemic optic neuropathy (AION) has been optic nerve head 

morphology and the pattern of retinal nerve fibre layer thinning. Beyond assessment of the patterns 

of optic atrophy there has also been a research trend towards identifying structure-function 

correlations. This approach has used automated imaging modalities (HRT, GDx, OCT) for quantitative 

structural parameters and automated static perimetry to provide the quantitative functional 

parameters. The subsequent correlations, between peripapillary retinal nerve fibre layer (RNFL) loss 

and corresponding visual field defects, have been found to be moderate to strong.1,2  

However, given that the visual loss in AION commonly includes loss of visual acuity it is possible that 

measurements of macular thickness may more closely reflect the degree of damage given that 

ganglion cell function is tightly linked to vision by anatomic location. 

Hence, this study considered the relationship between OCT macular measurements and retinal nerve 

fibre layer thickness, with severity of visual field defects.  
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11.2 Abstract 

Purpose   

To investigate the ability of optical coherence tomography (OCT) parameters of macular thickness 

(MT) and peripapillary retinal nerve fibre layer (RNFL) thickness to differentiate eyes with nonarteritic 

anterior ischaemic optic neuropathy (NAION) from uninvolved eyes and to identify the relationship 

between macular and RNFL parameters and visual field sensitivity (VFS). 

Methods 

Thirty patients with unilateral NAION participated in a prospective observational cross-sectional study. 

Patients underwent Humphrey visual field (SITA Standard 24-2, HVF) testing and OCT to measure MT 

and RNFL. The contralateral uninvolved eye was used as controls. Areas under the receiver operating 

characteristic curves (AUROCs) of MT and RNFL for discriminating NAION from control eyes were also 

determined. The pre-specified outcome measure was the correlation between RNFL, MT and mean 

deviation (MD). 

Results 

Average RNFL and MT were thinner in NAION eyes: 72.8 μm versus 98.9 μm (p < 0.0001) and 231.9 

μm (SD, 21.4) vs. 251.1 μm (SD, 14.8; p = 0.0001), respectively. The largest AUROCs were for 

average MT (0.87) and average RNFL thickness (0.88). Overall, macular parameters showed stronger 

correlation with VFS than RNFL parameters. The highest correlation was average MT (0.71; p < 

0.0001) followed by RNFL parameter nasal quadrant RNFL (0.40; p = 0.030). 

Conclusion 

Both MT and RNFL show strong correlations with level of VFS in NAION. Macular thickness showed 

more robust correlations with VF and provides strong surrogate marker of the level of damage in 

NAION. 
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11.3 Introduction 

Nonarteritic anterior ischaemic optic neuropathy (NAION) is the most common nonglaucomatous optic 

neuropathy in adults over 50 years of age. It is characterized by sudden painless loss of vision, optic 

nerve head swelling in a small optic nerve head with a small cup with eventual optic disc pallor3 The 

acute swelling results in ischaemic damage to the retinal ganglion cell axons with subsequent 

anterograde degeneration and ganglion cell death. Visual function parameters that are impaired 

include visual acuity, visual field sensitivity (VFS) as measured by automated perimetry and colour 

vision. 

Recently, the optic nerve head appearance following NAION has been evaluated using quantitative 

imaging modalities such as optical coherence tomography (OCT;2,4,1,5,6,7,8 scanning laser polarimetry 9 

and Heidelberg Retinal Tomography (HRT;6,10. Studies have demonstrated a moderate-to-strong 

correlation between peripapillary retinal nerve fibre layer (RNFL) loss and corresponding loss of visual 

field sensitivities defects as measured with automated perimetry.4,1 ,2 ,5 However, given that the visual 

loss in NAION more commonly involves central fixation, it is reasonable to hypothesize that 

measurements of macular thickness (MT) may provide a sensitive scanning region for non-

glaucomatous optic neuropathies such as NAION. Furthermore, up to 40% of the thickness in the 

macular area is occupied by the ganglion cell layer. Hence, diseases that primarily affect central 

fixation may show stronger association between the degree of loss of visual sensitivity and MT. 

The purpose of this study is to investigate the ability of OCT MT measurements and peripapillary NFL 

thickness to differentiate eyes with NAION from uninvolved eyes and to identify the relationship 

between these parameters and severity of VF defects. We hypothesize that MT correlates strongly 

with VFS in NAION and that macular assessment may provide a valuable surrogate in evaluating 

NAION structural change. 
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11.4 Methods 

Design 

This was an observational prospective cross-sectional study. Participants were recruited from the 

Department of Ophthalmology, University of Auckland, and the Neuro-ophthalmology Service at Wills 

Eye Institute Philadelphia, Pennsylvania. Approval from the Institutional Review Board Ethics 

Committee was obtained for the study. The study followed the principles of the Declaration of 

Helsinki, and informed consent was obtained from all participants. 

All participants underwent a comprehensive neuro-ophthalmic examination, which included 

measurements of Snellen visual acuity, Goldmann applanation tonometry and stereoscopic fundus 

examination. Automated visual field (VF) testing was performed with the Humphrey Visual Field 

Analyzer II (HFA-II) instrument (24-2 program; SITA Standard; Zeiss Meditec, Dublin, CA, USA). 

Retinal and MT were measured with OCT (stratus oct; Carl Zeiss Meditec) fast RNFL scan and fast MT 

scan. Patient’s eyes were divided into two groups: those affected with NAION (involved eyes) and 

their normal uninvolved contralateral eyes serving as the control group. 

Diagnosis of NAION 

The diagnosis of NAION was made on the basis of complete ophthalmologic evaluation performed by 

one of the senior authors (HDM and PJS). This evaluation revealed typical signs and symptoms of 

NAION and exclusion of arteritic anterior ischaemic optic neuropathy on the basis of clinical grounds, 

laboratory findings and temporal artery biopsy when indicated. All patients who were recruited into 

the study had resolution of the disc oedema within 8 weeks and followed a clinical course consistent 

with NAION. Visual field tests and OCT were performed for a minimum of 6 months after the acute 

event. 

Exclusion criteria 

Patients were excluded if their refractive error was outside −6D to +3D or if they had greater than 3D 

of astigmatism. Patients were also excluded if they had media opacities that would preclude OCT 

scanning, glaucoma, coexistence of ophthalmic or neurologic disease, or other retinal pathology, or if 

they had undergone previous ophthalmic surgery (other than uneventful cataract extraction). Patients 

were also excluded if the contralateral visual field was abnormal. 
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Visual field testing 

A reliable VF test was defined as one with fewer than 33% fixation losses, false positive responses or 

false negative responses. We utilized a modification of the classification criteria outlined by Deleón-

Ortega et al.2 The following definitions for visual field defects were used: 

• Diffuse defect – A defect present in both superior and inferior hemi-fields with each hemi-

field having ≥14 points on a total deviation plot (i.e. more than half of the total 26 points in 

the hemi-field of the 24-2 field) outside of 95% confidence interval and mean deviation (MD) 

in the less affected hemi-field being at least a half or more of the MD in the more affected 

hemi-field 

•  Inferior altitudinal defect – Inferior hemi-field with ≥18 points on a total deviation plot 

outside of 95% confidence interval and depth of the defect in the superior hemi-field (i.e. its 

MD in that hemi-field) being less than a half of the depth of the defect in the inferior hemi-

field (no restriction on the number of points outside of the 95% confidence interval in the 

superior hemi-field). 

•  Superior altitudinal defect – Superior hemi-field with ≥18 points on a total deviation plot 

outside of 95% confidence interval and depth of the defect in the inferior hemi-field (i.e. its 

MD in that hemi-field) being less than a half of the depth of the defect in the superior hemi-

field (no restriction on the number of points outside of the 95% confidence interval in the 

inferior hemi-field). 

Optical coherence tomography scanning 

The basic principles of OCT have been described elsewhere11. Subjects underwent ocular imaging 

with dilated pupils. RNFL thickness and MT scans were obtained during the same visit. High-quality 

scans only were included and had to have focused images with signal strength of seven or more, 

circular ring of the scan was centred around the optic disc for RNFL measurement, and radial scans 

had to be centred on the fovea. 

The fast RNFL algorithm was used to obtain RNFL thickness for the circumference around the optic 

disc, in the mean of three scans at a diameter of 3.4 mm around the optic disc. In right eyes, 3 

o’clock was defined as nasal; 6 o’clock, as inferior; 9 o’clock, as temporal; and 12 o’clock, as superior 

side of the disc. 

Retinal nerve fibre layer thickness parameters automatically calculated by existing stratus oct 

software (version 4.0.1) and evaluated were average thickness (360-degree measure), four 90° 

quadrants (superior [11, 12 and 1 o’clock segments], nasal [2, 3 and 4 o’clock segments], inferior [5, 

6 and 7 o’clock segments] and temporal [8, 9 and 10 o’clock segments]) and each individual clock 

http://onlinelibrary.wiley.com.ezproxy.auckland.ac.nz/doi/10.1111/j.1755-3768.2012.02467.x/full#b11
http://onlinelibrary.wiley.com.ezproxy.auckland.ac.nz/doi/10.1111/j.1755-3768.2012.02467.x/full#b11
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hour. RNFL thickness was also subdivided into superior (9–3 o’clock inclusively) and inferior (3–9 

o’clock inclusively) hemi-discs. 

Optical coherence tomography measurements of the macula were generated using the fast MT 

protocol with six 6-mm linear scans in a spoke-like radial configuration with each line being 30 

degrees apart. Macular thickness parameters were automatically calculated by the stratus oct 

software (version 4.0.1). 

Statistical analysis 

Descriptive statistics included mean values, standard deviation for normally distributed variables and 

median, first quartile, and third quartile for non-normally distributed variables. Shapiro–Wilk statistics 

showed that most of the parameters were not normally distributed around the mean. Hence, we used 

median and inter-quartile range to describe OCT and VF parameters in the study groups. However, 

the distribution for differences within individual parameters tended to be normally distributed. 

Macular parameters and RNFL thickness values of eyes with NAION and contralateral normal 

uninvolved controls were compared using Student’s t-tests. Student’s t-tests were used for 

comparison of data within each individual VF defect group; however, when parameters between 

those groups were compared, general linear modelling was used. Significant main effects were 

further explored by the method of Tukey. Spearman’s rank correlation coefficient (r) was used to 

evaluate the relationship between RNFL and MT parameters and severity of VF loss as measured by 

the total MD. p-Value of 0.05 was considered statistically significant. A critical value adjusted for 

multiple comparisons (Bonferroni) is provided. Statistical analyses were performed using spss v.13.0 

(SPSS Inc., Chicago, IL, USA). 

Receiver operating characteristic (ROC) curves were used to describe the ability of stratus oct 

parameters to discriminate NAION from their normal contralateral eyes. The area under the receiver 

operating characteristic curves (AUROCs) was calculated to evaluate the sensitivity and specificity of 

each scanning region in distinguishing between normal and NAION eyes. Obuchowski’s method was 

used to compare AUROCs between scanning parameters. 
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11.5 Results 

Thirty patients met the entrance criteria for NAION. Average age of study participants was 61.4 years 

(SD, 9.2); 14 (47%) were male and 16 (53%) were female. Average time from the documented optic 

nerve swelling was 11.7 months (SD, 2.7). NAION eyes as a group had significantly worse visual 

acuity (20/60; range, 20/20–20/200) compared with the uninvolved control eyes (20/20; range, 

20/20–20/40; p = 0.0004) and MD (-15.5 ± 9.3 dB vs. -1.3 ± 1.7, p < 0.0001) compared with control 

eyes. Average RNFL was significantly thinner in the NAION eyes (72.8 µm; SD, 23.5) compared with 

their unaffected counterparts (98.9 μm; SD, 9.7; p < 0.0001). In addition, NAION eyes were shown 

to have maculae that were thinner – 231.9 μm (SD, 21.4) vs. 251.1 μm (SD, 14.8; p = 0.0001) – and 

smaller in volume – 6.2 μm3 (SD, 0.6) vs. 6.6 μm3 (SD, 0.3; p = 0.0006) – than those of uninvolved 

eyes. 

Of the 30 NAION eyes, 13 were classified with inferior altitudinal defects; 12, with superior altitudinal 

defects; 4, with diffuse; and one, with other. Given the few numbers in the diffuse and other group, 

only the data from those with inferior and superior altitudinal defects were sub-analysed. 

Table 11.1 shows visual function parameters, RNFL measures and MT measurements for all eyes with 

NAION and contralateral uninvolved control eyes. Areas under the ROC curves are similar between 

RNFL (0.77–0.88) and macula values (0.72–0.87). Total macular thickness (0.87) and average RNFL 

thickness (0.88) had the largest areas under the AUROC curves. 
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Table 11.1. Mean values of optical coherence tomography macular thickness parameters (in μm) 
with AUROC.  
 
 Involved eyes  

N  = 30 
Uninvolved eyes  

N  = 30 
p-value AUROC (SE) 

 VA 20/60 20/20 0.0004  0.93 (0.04) 
Visual fields 
MD (global) -15.5 (9.3) -1.3 (1.7) <0.0001  0.96 (0.03) 
Superior Hemi-field -10.7 (10.3) -1.3 (2.3) <0.0001  0.82 (0.06) 
Inferior Hemi-field 17.6 (9.8) -1.3 (1.6) <0.0001  0.96 (0.03) 
PSD (global) 9.2 (4.1) 1.8 (1.7) <0.0001  0.97 (0.02) 
Average RNFL thickness (μm) 72.8 (23.5) 98.9 (9.7) <0.0001  0.86 (0.05) 
Superior quadrant 79.4 (32.9) 119.3 (17.4) <0.0001  0.85 (0.05) 
Nasal quadrant 62.5 (19.8) 80.0 (16.3) 0.003 0.77 (0.06) 
Inferior quadrant 98.1 (36.6) 125.4 (17.3) 0.002  0.78 (0.06) 
Temporal quadrant 57.8 (25.3) 70.9 (17.3) 0.05 0.76 (0.07) 
Superior Hemi-disc 75.8 (31.4) 119.3 (17.4) <0.0001  0.88 (0.05) 
Inferior Hemi-disc 96.2 (36.1) 125.4 (17.3) 0.001  0.79 (0.06) 
Total average macular  231.9 (21.4) 251.1 (14.8) 0.0001  0.87 (0.07) 

RNFL, retinal nerve fibre layer thickness; MD, mean deviation; OCT, optical coherence tomography; 
PSD, pattern standard deviation; AUROC, areas under the receiver operating characteristic curve. p-
values in bold meet statistical significance with Bonferroni correction (p < 0.002). SD values are given 
in parenthesis. 

 

The group with inferior VF defect is analysed in Table 11.2. The superior quadrant (76.5 μm, p = 

0.0106) and superior hemi-disc (66.9 μm, p = 0.0032) showed significant thinning in the RNFL. The 

superior and temporal quadrants for macular thickness and the superior quadrant for macular volume 

were statistically different between involved and uninvolved eyes. The AUROC was equally robust for 

superior RNFL thickness (0.88) and superior macular thickness (0.88). The eyes with the worse VA 

have thinner macular thickness in temporal quadrant compared with uninvolved eyes. 
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RNFL, retinal nerve fibre layer thickness; MD, mean deviation; OCT, optical coherence tomography; PSD, pattern standard 
deviation; AUROC, areas under the receiver operating characteristic curve. p-values in bold meet statistical significance with 
Bonferroni correction (p < 0.002). SD values are given in parenthesis. 

 
In eyes with superior VF defects (Table 11.3), the inferior quadrant and inferior hemi-disc of the 

RNFL were significantly different (inferior quadrant: 84.2 μm in involved eyes and 114 μm in 

uninvolved eyes, p = 0.002; AURIC, 0.88). Of the macular values, the total macular volume 

demonstrated an AUROC of 0.99, and the sector parameters of the temporal quadrant were 

significantly different between involved and uninvolved eyes. 

  

Table 11.2. Comparison of visual field and OCT parameters between involved and 
uninvolved eyes with INFERIOR visual field defect.  

 
 Involved  

eye 
Uninvolved eyes p-value AUROC 

 VA 20/50 20/20 0.07 0.88 (0.08) 
Visual fields 
MD (global) -12.9 (5.2) -0.1 (1.7) <0.000  0.99 (0.01) 
Superior Hemi-field -3.4 (3.5) -0.1 (1.9) 0.043 0.99 (0.01) 
Inferior Hemi-field -20.3 (6.5) -0.2 (1.5) <0.000 0.99 (0.01) 
PSD (global) 12.8 (1.4) 1.5 (0.3) <0.000  0.99 (0.01) 
Average RNFL thickness (μm) 73.6 (20.7) 97.2 (9.7) 0.001  0.81 (0.12) 
Superior quadrant 76.5 (36.8) 115.4 (20.6) 0.01  0.78 (0.11) 
Nasal quadrant 65.9 (20.1) 81.1 (18.2) 0.06 0.75 (0.12) 
Inferior quadrant 114.2 (22.8) 125.9 (10.3) 0.22 0.65 (0.13) 
Temporal quadrant 57.1 (21.7) 66.5 (15.0) 0.324 0.65 (0.13) 
Superior Hemi-disc 66.9 (30.7) 115.4 (20.6) 0.003  0.88 (0.08) 
Inferior Hemi-disc 108.9 (24.5) 125.9 (10.3) 0.112 0.71 (0.13) 
Total average macular thickness (μm) 235.7 (21.7) 250.9 (13.3) 0.028  0.72 (0.14) 
Superior quadrant 227.5 (22.1) 253.8 (11.5) 0.006  0.88 (0.01) 
Nasal quadrant 246.3 (24.4) 262.6 (16.1) 0.072 0.71 (0.13) 
Inferior quadrant 240.6 (23.9) 247.6 (13.1) 0.260 0.52 (0.15) 
Temporal quadrant 228.4 (21.0) 239.7 (13.0) 0.033  0.68 (0.14) 
Inner macula 252.6 (26.9) 269.0 (17.9) 0.033  0.66 (0.14) 
Outer macula 218.9 (18.2) 232.8 (9.7) 0.031  0.73 (0.14) 
Total macular volume (μm3) 6.2 (0.5) 6.5 (0.3) 0.07 0.67 (0.14) 
Superior quadrant 1.5 (0.15) 1.6 (0.09) 0.021  0.77 (0.12) 
Nasal quadrant 1.7 (0.17) 1.7 (0.11) 0.20 0.59 (0.15) 
Inferior quadrant 1.6 (0.12) 1.6 (0.06) 0.561 0.52 (0.15) 
Temporal quadrant 1.5 (0.13) 1.6 (0.07) 0.114 0.63 (0.16) 
Inner macula 1.6 (0.17) 1.7 (0.10) 0.094 0.57 (0.15) 
Outer macula 4.7 (0.39) 4.9 (0.24) 0.076 0.66 0.14) 
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Table 11.3. Comparison of visual field and OCT parameters between involved and 
uninvolved eyes with PREDOMINANTLY SUPERIOR type of visual field defect.  
 
 Involved eye Uninvolved eyes p-value AUROC 
 VA 20/40 20/25 0.16 0.84 (0.16) 

Visual fields 

MD (global) -9.0 (8.2) -3.1 (1.7) 0.304 0.69 (0.22) 

 Superior Hemi-field -13.5 (12.8)  -4.1 (2.8)  0.29 0.69 (0.22) 

 Inferior Hemi-field -4.6 (4.3)  -2.7 91.5)  0.55 0.63 (0.22) 

PSD (global) 7.2 (3.9) 3.6 (3.7) 0.393 0.81 (0.18) 

Average RNFL thickness (μm) 79.9 (15.5) 95.1 (9.15) 0.048  0.81 (0.18) 

Superior quadrant 105.7 (21.5) 111.9 (13.3) 0.708 0.56 (0.22) 

Nasal quadrant 77.2 (15.2) 70.5 (11.9) 0.123 0.72 (0.19) 

Inferior quadrant 84.2 (22.9) 114 (20.6) 0.002  0.88 (0.14) 

Temporal quadrant 51.7 (13.9) 84.2 (30.8) 0.073 0.84 (0.15) 

Superior Hemi-disc 105.7 (21.5) 111.9 (13.3) 0.708 0.56 (0.22) 

Inferior Hemi-disc 84.7 (23.6) 114 (20.6) 0.002  0.88 (0.14) 

Total average macular thickness (μm) 230 (11.08) 251.5 (24.90) 0.138 0.78 (0.22) 

Superior quadrant 234.2 (10.25) 253.2 (21.70) 0.27 0.89 (0.15) 

Nasal quadrant 241.7 (14.01) 260.3 (24.83) 0.163 0.79 (0.22) 

Inferior quadrant 223.7 (13.71) 250.7 (29.69) 0.103 0.78 (0.22) 

Temporal quadrant 220.5 (9.17) 241.8 (26.8) 0.177 0.78 (0.22) 

Inner macula 243.7 (18.17) 270.1 (28.85) 0.082 0.78 (0.22) 

Outer macula 216.3 (4.73) 232.9 (21.28) 0.257 0.67 (0.27) 

Total macular volume (μm3) 6.2 (0.15) 7.0 (0.04) 0.065 0.99 (0.5) 

Superior quadrant 1.6 (0.09) 1.8 (0.05) 0.301 0.99 (0.5) 

Nasal quadrant 1.6 (0.01) 1.8 (0.05) 0.141 0.99 (0.5) 

Inferior quadrant 1.5 (0.02) 1.8 (0.12) 0.188 0.99 (0.5) 

Temporal quadrant 1.5 (0.03) 1.7 (0.01) 0.04  0.99 (0.5) 

Inner macula 1.6 (0.04) 1.8 (0.03) 0.155 0.99 (0.5) 

Outer macula 4.6 (0.11) 5.2 (0.07) 0.032  0.99 (0.5) 

RNFL, retinal nerve fibre layer thickness; MD, mean deviation; OCT, optical coherence tomography; PSD, pattern standard 
deviation; AUROC, areas under the receiver operating characteristic curve. p-values in bold meet statistical significance with 
Bonferroni correction (p < 0.002). SD values are given in parenthesis. 
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Eyes with NAION were analysed for correlations between RNFL thickness and visual field parameters. 

Retinal nerve fibre layer thickness in superonasal clock hours of the disc (1, 2 and 3) correlated with 

MD in inferotemporal quadrant of the visual field (R = 0.39–0.49, p < 0.018) and inferior hemi-field. 

Retinal nerve fibre layer in inferior clock hours of the disc correlated with superonasal, 

superotemporal quadrants of the visual field as well as with superior hemi-field. Retinal nerve fibre 

layer thickness in superior and inferior hemi-discs correlated with inferior and superior sectors of the 

visual field respectively (R = 0.38–0.5; p < 0.007). The strongest correlations were between the 

temporal 8 o’clock hour and the superonasal and superior hemi-field (R = 0.60; p = 0.0006), the 

inferotemporal visual field and the superior hemi-disc (R = 0.58; p = 0.0009) and the nasal quadrant 

(R = 0.55; p = 0.002), and the inferior hemi-disc and the superior visual field quadrant (R = 0.51; p 

= 0.0045). 

Both average macular thickness and total macular volume showed strong correlations with multiple 

visual field parameters. Overall, the correlations of macular thickness parameters with MD were 

stronger than those of the corresponding RNFL parameters. The strongest correlations were between 

MD and total macular volume (R = 0.67; p = 0.0004), nasal macular volume (R = 0.67; p = 0.0005), 

superonasal MD and total macular thickness (R = 0.65; p = 0.0006), and total MD and inner macular 

thickness (R = 0.63; p = 0.0009). 

Table 11.4 shows the associations between macular thickness and RNFL parameters with VFS. The 

highest correlation was observed for average macula thickness (0.71; p < 0.0001). However, 

statistical significance was found for most macular parameters. The highest RNFL correlations were 

for nasal quadrant RNFL thickness (0.40; p = 0.030). 
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Table 11.4  Spearman’s rank correlation coefficients between Macular and RNFL  
thickness parameters and mean defect of visual field.  
 
 MD (global) 
 Macular thickness parameters 

Average MT 0.710 p < 0.001 

MT Avg inner 0.635 p = 0.001 

MT Avg outer 0.668 p < 0.001 

Fovea 0.419 p = 0.04 

Superior inner 0.626 p = 0.001 

Nasal inner 0.627 p = 0.001 

Inferior inner 0.567 p = 0.004 

Temporal inner 0.682 p < 0.001 

Superior outer 0.516 p = 0.001 

Nasal outer 0.606 p = 0.002 

Inferior outer 0.620 p = 0.001 

Temporal outer 0.568 p = 0.004 

RNFL thickness parameters 

Average RNFL thickness 0.404 p = 0.030 

Superior quadrant 0.324 p = 0.086 

Nasal quadrant 0.472 p = 0.010 

Inferior quadrant 0.378 p = 0.043 

Temporal quadrant 0.0875 p = 0.652 

MT, macular thickness; RNFL, retinal nerve fibre layer thickness; MD, mean deviation. 
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11.6 Discussion 

This study demonstrates that there is a robust association between VFS as determined by automated 

perimetry and structural changes in macular thickness and peripapillary RNFL as measured by OCT in 

eyes that have had an episode of NAION. We report that macula thickness is strongly associated with 

VFS in patients with NAION. The significance of this finding is that macula thickness may be an 

important surrogate for determining the extent of injury in non-glaucomatous optic nerve injury. 

Histologic studies of eyes with NAION have demonstrated significant damage to optic nerve axons12. 

However, given that histologic studies are rare in eyes with NAION, recent imaging technologies such 

as OCT have been employed to provide information about changes that occur in the optic nerve and 

macula following injury and to help us elucidate the pathophysiology of this condition13. The 

observation from the present study is that macular thickness and volume correlate strongly with 

overall MD. Furthermore, there is a structure–function correlation between macular measurements 

and the type of visual field defect. In patients with inferior VF defects, the total macula thickness, 

superior macula thickness and temporal thickness were thinner compared with those of controls. 

Unlike glaucoma, non-glaucomatous optic neuropathies show greater damage to the papilla-macular 

fibres, resulting in loss of central visual acuity and colour perception. Hence, although the site of 

damage occurs at the optic nerve head, a significant proportion of the axons have their cell bodies 

residing in the macula (and comprise 30–40% of total macular thickness along with RNFL), which are 

arranged in layers of four to six cells within the macula, as opposed to a single layer in other areas of 

retina. Hence, their loss contributes to significant macular thinning and loss of volume. 

Macular thickness and volume have been well investigated in glaucomatous eyes. However, the 

measurements have not been shown to have any better predictive value nearly as accurate a 

diagnostic parameter as RNFL;14,15 ,16. One suggested reason may be that total macular thickness was 

assessed, rather than that of the RGC layer, thus decreasing the specificity of macular thickness for 

glaucoma diagnosis. Studies that measure the inner retinal complex (macular RNFL, ganglion cells, 

and inner plexiform and inner nuclear layers) showed reliabilities similar to that of RNFL thickness 

evaluation;14,17 ,15 ,18 ,16. The majority of the studies conclude that for glaucoma, AUROC values for 

RNFL were comparable to macula thickness. 

In our study, total thickness and volume of the macula correlated strongly with loss of visual field 

sensitivities. While the cell bodies, axons and dendrites reside in the inner ganglion layers, it may be 

that the outer retina is also affected in NAION. It has been shown recently that in human 

glaucomatous eyes, there is a significant reduction in neuron densities in inner nuclear and outer 

nuclear layers of the retina in regions with the greatest loss of RGCs, thus implicating a loss of 

photoreceptors subsequent or concurrent with RGCs’ death19. This may also hold true for eyes with 

NAION and contribute to macular thinning and loss of volume as seen on OCT scans. 
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Macular parameters have been investigated in other non-glaucomatous optic neuropathies. OCT was 

used to measure macular volumes and RNFL thickness in multiple sclerosis. Reduced macular 

volumes and peripapillary RNFL thinning were observed after an episode of optic neuritis20,21 ,22. 

Patients with band atrophy of the optic nerve from chiasmal compression also had their macular 

thickness parameters studied. These patients showed significant thinning of the retinal thickness on 

the nasal macular area. Patients with dominant optic atrophy have also been shown to have thinning 

of the macular thickness23. This area was found to be associated with the severity of visual field 

damage24,25. In a letter to the Editor, Fernandez-Beunaga et al. share their findings of macular 

thickness in patients with ischaemic optic neuropathy. The authors show a correlation between nasal 

macular thickness and visual acuity. Our study extends this interesting finding and evaluates the 

relationship with visual field26. 

The results of the present study corroborate the findings of other investigators in demonstrating that 

RNFL loss underlies the optic disc damage seen clinically in NAION eyes11,2. The average RNFL 

thickness and the RNLF thickness in quadrants corresponding to the affected hemi-fields were lower 

in NAION eyes than in the uninvolved control eyes. However, neither RNFL nor macular thickness was 

reduced in the sectors corresponding to the uninvolved visual field hemi-field. 2 found thinning of the 

RNFL in the optic nerve head hemi-disc corresponding to the visual field hemi-field, which did not 

show any loss of VFS. This may be due to both the severity of injury and the control group, which in 

the Deleón-Ortega et al.’s study was normal eyes rather than the uninvolved contralateral eye. As 

patients with NAION tend to have different optic nerve head morphology (small cup and disc), some 

of the difference may be attributed to a different optic nerve head morphology of the control groups. 

Previous studies on RNFL thickness in NAION eyes suggested that the temporal optic nerve head 

quadrant thickness is a good clinical indicator of central vision damage27, 2 reported that the RNFL 

thickness at the temporal sector in NAION eyes with good VA was comparable to that of control eyes. 

In Contreras et al.’s study4,1 , in which patients had significantly lower VAs in unilateral NAION eyes, 

the RNFL thickness of the temporal quadrant was reduced in the affected eyes compared with the 

healthy eyes4,1. Our study similarly identified that temporal quadrant of the optic nerve head 

correlated strongly with decreased visual acuity. Our study adds to this body of literature in that it 

demonstrates topographic correlation between regions of macula thinning with corresponding visual 

field loss. 

This study used Status OCT, which is a time-domain-based technology. Fourier-domain (FD)-OCT 

system (also called spectral-domain OCT) may provide more accurate results as it achieves higher 

resolution and speed28. The higher speed enables mapping of the macula over a wider area with 

many more sampling points. The higher resolution facilitates delineation of inner retinal complex 

(RNFL, the ganglion cell layer and the inner plexiform layer) from the rest of retina. The axons, retinal 

ganglion cell bodies and dendrites reside in these inner layers, and therefore, it may be more 
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accurate to measure the thickness of these specific layers rather than total macular thickness as it is 

these layers that are thought to be damaged following NAION. However, this study is the largest 

study to evaluate macular parameters in non-glaucomatous optic neuropathy and will serve as a 

benchmark for the comparison of emerging technologies with well-established time-domain OCT. 

In conclusion, macular thickness and volume parameters correlate strongly with visual sensitivity as 

measured by Humphrey automated perimetry in NAION. Macular thickness measurements have the 

potential to serve as a surrogate to evaluate the amount of loss of retinal ganglion cells in NAION. 

Additional studies are warranted, in particular, comparing inner and outer macular thickness with 

spectral-domain OCT to further define the relationship between macular thickness and VFS in NAION 

as well as other non-glaucomatous optic neuropathies. 
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11.7 Epilogue 

 
The present study used time-domain OCT technology to evaluate the structure-function relationship 

between visual sensitivity in eyes with AION and changes in the peripapillary retinal nerve fibre layer 

as well as macular thickness. Aggarwal et al29 performed a similar study using fourier-domain OCT 

(FD-OCT) technology. One of the advantages of FD-OCT is that the inner layers of the macula, the 

ganglion cell complex (GCC) can be mapped.30 The diagnostic powers of the macular thickness are 

superior with FD-OCT compared to time-domain for glaucomatous optic neuropathy. 31,32,33  For 

glaucomatous optic neuropathy, the diagnostic accuracy of the macular thickness improved when the 

OCT is focused on the inner retinal layers as glaucoma preferentially affects the three innermost 

retinal layers: the nerve fibre, ganglion cell, and inner plexiform layers, which contain, respectively, 

the axons, cell bodies, and dendrites of the ganglion cells.30  

 

As with glaucomatous optic neuropathy, NAION is a disease that damages the retinal ganglion cells 

so isolating the inner layers of the macula. By measuring the GCC this should improve diagnostic 

accuracy. In my present study, I demonstrated using time domain technology that both macular 

thickness and retinal nerve fibre layer thickness showed strong correlations with the level of visual 

field sensitivity. Overall, macular thickness showed slightly more robust correlations and provided a 

strong surrogate marker of the level of damage in NAION.   

 

In their study, Aggarwal et al concluded29 that visual field loss and GCC loss correlated well in 

magnitude and location. Furthermore, the GCC map showed excellent point-to-point correspondence 

in patients with altitudinal loss. Although the overall correlations were not stronger for the GCC 

compared to the RNFL, there was a more robust point-to-point correlation between the GCC and 

visual field compared to the RNFL.   

 

Further research should focus on comparing the GCC with visual fields that are more represented in 

the macular area such as 10-2 visual fields.  
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Chapter 12 

Relationship Between Retinal Nerve Fibre Layer and 

Visual Field Sensitivity as Measured by Optical 

Coherence Tomography in Chiasmal Compression 
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12.1 Prologue 

 

Compressive optic neuropathies comprise a significant proportion of non-glaucomatous optic 

neuropathies.  However, in contrast to glaucomatous optic neuropathy, studies that have evaluated 

the structure-function relationship in compressive optic neuropathies are lacking.  This is despite the 

fact that compressive lesions of the anterior visual pathway provide a unique opportunity for 

assessment of such structure-function relationships. For example, chiasmal compression affects the 

crossing retinal ganglion cell axons resulting in bitemporal visual field depression.  As a compressing 

tumour enlarges, it may also engage uncrossed axons, resulting in nasal field defects and reduced 

visual acuity.  

 

Interestingly, there is a recognised disconnect between the appearance of the optic nerve in 

compressive optic neuropathies and visual field loss, as there may be significant visual field loss with 

a normal appearing optic nerve head. This is considered to be due to reversible conduction block that 

occurs in the early stages of compression of the visual pathway. In contrast, patients with long-

standing compression may experience axonal degeneration of the retinal ganglion cells which may be 

observed as thinning of the RNFL. Characteristic changes include: thinning of RNFL nasal to the disc 

and in the papillomacular region; and corresponding atrophy of the nasal and temporal portions of 

the optic disc with relative sparing of the superior and inferior parts producing band atrophy. 

 

Studies evaluating the relationship between functional and structural measurements of the neural 

structures of the eye are of great importance in the diagnosis and monitoring of disease progression.  

In order to undertake such an analysis there must be recognised parameters that measure both 

structure and function.  

 

At the time of the study that comprises this chapter, no other study had evaluated the structure 

function relationship in compressive optic neuropathies using objective quantitative technologies. 

With the technology available at the time of initiating this study, the gold standard for estimating 

retinal ganglion cell damage was time domain optical coherence tomography (OCT). 
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12.2 Abstract 

Purpose 

To investigate the spatial relationship between retinal nerve fibre layer (RNFL) thickness measured 

with optical coherence tomography (OCT) and visual field sensitivity (VFS) measured by standard 

automated perimetry (SAP) in chiasmal compression.  

Methods 

Twenty-six patients with chiasmal compression were enrolled. RNFL thickness was measured with the 

StratusOCT and VFS with SAP (Humphrey Field Analyser; both from Carl Zeiss Meditec, Dublin, CA). 

Relationships between RNFL thickness (in clock hours, hemifields, and sectors) and VFS (zones were 

divided into hemifields, quadrants, and sectors based on a validated visual field map) expressed in a 

decibel scale and 1/lambert (L) were evaluated by linear and nonlinear regression. Coefficients of 

determination (R2) were calculated by using a multivariate model.  

Results 

Average RNFL thickness correlated strongly with pattern standard deviation (PSD; R = 0.622) and 

mean deviation (MD; R = 0.413). The four strongest correlations were between the 8 o’clock OCT 

position (temporal disc), with the temporal hemifield (R = –0.813), the superotemporal quadrant (R = 

–0.847), the inferotemporal quadrant (R = –0.855), and the field sector representing the 

papillomacular bundle (R = –0.809). Coefficients of determination improved significantly in all sectors 

when time since surgery was included in the regression model—most notably, average thickness and 

1/L (R2 = 0.35–0.49), the decibels (R2 = 0.31–0.47), and the temporal sector (R2 = 0.44–0.57).  

Conclusion 

This is the first study to compare the structure–function correlation of RNFL measured by OCT with 

SAP in patients with chiasmal compression. RNFL is topographically related globally and sectorally to 

decreased SAP, with the temporal sectors showing the strongest correlations. The correlation between 

RNFL and VFS strengthens as the time from surgical intervention increases.  

  



 

164 
 

12.3 Introduction 

 
Clinical assessment of optic neuropathies involves psychophysical assessment of optic nerve function 

with visual field (VF) tests and structural evaluation of the optic nerve head (ONH). Achromatic 

standard automated perimetry (SAP) is the gold standard for quantitatively evaluating visual field 

sensitivity (VFS). However, there is no validated method for quantifying optic nerve structure in 

nonglaucomatous optic neuropathies. The ONH is typically evaluated by grading the degree of optic 

disc pallor and assessing the retinal nerve fibre layer (RNFL), either with slit lamp fundus examination 

using red-free light or analysis of red-free RNFL photographs. These techniques require observer 

experience, are highly subjective, and are not readily quantified.1 Because optic nerve function, but 

not structure, can be quantified in nonglaucomatous optic neuropathies, there is a paucity of data 

correlating alterations in VFS with changes in optic nerve morphology. This deficit limits the 

usefulness of ONH and RNFL assessment in evaluating and managing disease.  

The situation is different with glaucomatous optic neuropathy, for which there is a large body of 

evidence supporting a specific anatomic correspondence between the pattern of ONH and RNFL 

thinning and VF defects. 2,3,4,5,6,7 ,8 Optical coherence tomography (OCT, StratusOCT; Carl Zeiss 

Ophthalmic Systems, Inc., Humphrey Division, Dublin, CA) has been shown to image and measure 

RNFL thickness in glaucomatous optic neuropathy and shows a strong spatial correlation with VFS.9, 
10,11 

The relationship identified between glaucomatous optic neuropathy and VFS cannot be extrapolated 

to other optic neuropathies. Non-glaucomatous optic neuropathies cause a different pattern of clinical 

defects, for example, loss of central visual acuity, impaired colour vision, and a much wider spectrum 

of VF defects. The morphologic changes identified in the optic nerve are also different. The hallmark 

of glaucoma is excavation of the optic cup and preservation of the remaining neuroretinal rim, without 

pallor, while non-glaucomatous optic neuropathies produce pallor of the neuroretinal rim. Finally, 

glaucomatous optic neuropathy is usually irreversible, whereas many optic neuropathies, particularly 

compressive optic neuropathies, may produce profound defects in visual function that are reversible 

after treatment.  

The purpose of this study was to investigate the spatial correlation between loss of VFS (measured 

with SAP) and focal RNFL thinning (measured with OCT) in chiasmal compression, a type of 

compressive optic neuropathy. OCT was used because of its ability to provide high-resolution 

quantitative measurements of the RNFL in a clock-hour distribution.  
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12.4 Methods 

Subjects 
Twenty-six eyes from 26 patients with chiasmal compression, confirmed by neuroimaging, were 

recruited in the study from three sites (17 from Auckland City Hospital, Auckland, New Zealand; 8 

from Cullen Eye Institute, Houston, TX; and 1 from Wills Eye Hospital, Philadelphia, PA). For each 

subject, the eye with the more reliable VF indices (fewest false positives, false negatives, and fixation 

losses) was included in the study (n = 26). All patients had magnetic resonance imaging (MRI) of the 

brain that confirmed a lesion compressing the optic chiasm with the following diagnoses: 20 pituitary 

adenomas, 2 craniopharyngioma, 2 suprasellar meningioma, 1 chiasmal pilocytic astrocytoma, and 1 

hypothalamic astrocytoma. The research adhered to the tenets of the Declaration of Helsinki. The 

institutional review committees had approved the research and informed consent had been obtained.  

All patients underwent a complete ophthalmic examination, including visual acuity, refraction, slit 

lamp biomicroscopy, gonioscopy, intraocular pressure (IOP) measurement with Goldmann tonometry, 

and dilated stereoscopic fundus examination. Patients were not excluded on the basis of their visual 

acuity, but all patients were required to be able to perform reliable VF testing. All patients had a 

spherical refractive error within the range of ± 5 D and IOP measurement of less than 21 mm Hg. 

Patients were excluded if they any had anterior segment, retinal, posterior segment, or optic nerve 

disease other than compressive optic neuropathy. Specifically, patients with known glaucoma, family 

history of glaucoma, or cup-to-disc ratio asymmetry of greater than 0.2, focal notching, or optic nerve 

haemorrhage were excluded. Patients were also excluded from the study if they had a history of 

diabetes or any other systemic illness that may affect the retina and optic nerve. All subjects were a 

minimum of 3 months after surgery, radiotherapy, or chemotherapy.  

Optical Coherence Tomography 
Quantitative RNFL measurements were obtained using the StratusOCT (software version 3.0.1; Carl 

Zeiss Meditec, Inc.). The optical principles and applications of the OCT have been described in detail 

elsewhere.12 The software outputs discrete RNFL thickness for each clock-hour position of the optic 

nerve head (for right eyes: 12 o’clock superiorly, 3 o’clock nasally, 6 o’clock inferiorly, and 9 o’clock 

temporally) and for each quadrant of the optic nerve head (superior: 11, 12, and 1 o’clock; nasal: 2, 

3, and 4 o’clock; inferior: 5, 6, and 7 o’clock; and temporal: 8, 9, and 10 o’clock). The average RNFL 

thickness for the entire circumference is also provided. All data are displayed in right eye format, as 

just defined.  

Procedure 
The fast RNFL thickness (3.4) scan (100 scan points) acquisition protocol was used. Repeated 

measurements were taken by expert operators at each of the centres until three measurements 
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judged to be of good quality were achieved for each eye. The RNFL thicknesses of the three scans 

were averaged internally to provide mean measurement for each clock hour position around the optic 

disc. For each clock hour, the investigators classified RNFL thickness measures as outside normal 

limits if they were thinner than 97.5% of normal values derived from an age-matched normative 

database (i.e., in the lowest 2.5 percentile) of 100 patients.13 This cut-off was chosen to be 

conservative and to be consistent with other studies comparing structure- function.6 

Standard Automated Perimetry 
Standard automated perimetry was conducted using the Swedish Interactive Threshold Algorithm 

(SITA) 24-2 of the Humphrey Field Analyser program (Carl Zeiss Meditec) with a Goldmann size III 

stimulus on a 31.5-apostilb background. Perimetry was performed within 2 weeks of OCT testing. All 

VFs included in the study had reliability indices of less than 33% false positives, false negatives, or 

fixation losses. The primary analysis involved dividing the VF data into nasal and temporal hemifields 

and further into superotemporal, inferotemporal, superonasal, and inferonasal quadrants. In another 

analysis, the VF data was divided into six sectors derived from a previously published optic disc-VF 

map. This latter analysis was particularly useful in that it allowed an evaluation of the relationship 

between the papillomacular fibres in the temporal optic disc with the corresponding central VF.6 These 

sectors were further subdivided to allow analysis based on division along the vertical meridian (Fig. 1) 

.  

 

FIGURE 12.1. A division of the 24 VF test points and the optic nerve head into sectors, as suggested 
by Garway-Heath et al. The vertical line indicates where field sectors were divided along the vertical 
meridian (diagram for right VF and optic disc). Image reprinted from Ophthalmology, 107, Garway-
Heath DF, Poinoosawmy D, Fitzke FW, Hitchings RA, Mapping the VF to the optic disc in normal 
tension glaucoma eyes, 1809–1815, © 2000, with permission from the American Academy of 
Ophthalmology. 

 

 

http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#F1
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VF quadrants were defined as being outside normal limits if a minimum of two non–edge-contiguous 

test points, not including those directly above and below the blind spot, had a pattern deviation (PD 

plot) of one point with P < 0.5% and one point with P < 2%. The cluster criteria for an abnormal 

hemifield (split into temporal and nasal hemifields) was three or more significantly depressed (P < 

5%) non–edge-contiguous points on the PD plot, with two of these points P < 2%, not including 

those directly above and below the blind spot. Differential light sensitivity at each tested location is 

measured in decibels, where the differential light sensitivity (dB) = 10 · log10 [Lmax/(Lt – Lb)], where 

Lmax is the maximum stimulus luminance, Lt is the stimulus luminance at threshold, and Lb
 is the 

background luminance. The unlogged 1/L at each test location was calculated by dividing the decibel 

unit by 10 and then unlogging it.  

Statistical Analysis 
Spearman’s correlation coefficients and linear regression analyses were conducted to compare OCT-

measured RNFL thickness deviation from normal age-adjusted RNFL thickness (in micrometres) to 

corresponding VF sectors. VF sensitivity was treated as the dependent variable and RNFL thickness as 

the independent variable in all regressions assessing the relationship between VFS and RNFL 

thickness. For further analysis, the structure–function relationship between average sectoral RNFL 

thickness and each VF zone was investigated using the raw VFS data (not including blind spot points). 

The relationship between RNFL thickness and VF sensitivity was calculated for the whole field and 

field sectors (with their corresponding RNFL zones according to VF map) using linear and logarithmic 

regression analysis for both dB and 1/L scales (dB values are a logarithmic transform of differential 

light sensitivity [DLS]). All analyses were then repeated by including "time since surgery" in a 

multivariate regression model adjusting for age, sex and time since surgical intervention. A test for 

deviation from linearity was achieved by fitting a generalized additive model (GAM) and comparing to 

that of a linear model. Evidence of nonlinearity was assessed with a significance level of 0.05.  

A paired t-test was performed to evaluate the null hypothesis that the absolute prediction errors 

(absolute values of the residuals) have the same mean for both models (linear and logarithmic 

regressions). Significance was assumed at P < 0.05. The linearity of the relationship between VF 

sensitivity and RNFL thickness was assessed by plotting the residuals of the linear regression against 

RNFL thickness.  
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12.5 Results 

Twenty-six eyes from 26 patients were included in the analysis, with a mean age of 41.1 ± 19.9 years 

(range, 8–73). There was an equal distribution of gender (13 male, 13 female). Subjects were studied 

a mean of 3.2 ± 3.6 years (range, 0.25–15.0) after surgery. Mean visual acuity was 6/9 with a range 

of 6/5 to 6/60, and a median logMAR (logarithm of the minimum angle of resolution) of 0.1. The 

mean percentage of correctly identified Ishihara colour plates was 81% (range, 0%–100%).  

OCT Results 
The mean average thickness, a global measure of RNFL thickness, was 72.66 ± 19.24 µm (compared 

with normal controls 115.91 ± 14.29 µm; P < 0.0001). Figure 2 diagrammatically displays the 

absolute thickness of RNFL in micrometres, comparing normal eyes (n = 100) to affected eyes (n = 

26). For all clock hours the RNFL was significantly thinner (P < 0.0001 in all cases) in affected eyes 

than controls. Figure 3 shows the percentage of RNFL loss for each clock hour. When the clock hours 

were combined to form four quadrants (superior, inferior, nasal, and temporal), it was clear that the 

temporal and nasal disc sectors demonstrated a significantly greater proportion of thinning that did 

the superior and inferior disc sectors (50% and 42% vs. 32% and 31% thickness loss, respectively; P 

< 0.001). Twenty-one (81%) of 26 eyes were >2 SD below normal, representing a 38% loss of 

thickness. The temporal (77% of eyes abnormal) and nasal (65%) sectors of the disc were more 

frequently abnormal than were the superior (62%) and inferior sectors (54%). The most frequently 

abnormal clock hours of RNFL thickness were 9 o’clock (69%, representing the temporal pole of the 

disc) and the adjacent 10 o’clock (65%) and 8 o’clock (62%) positions. In summary, although there 

was generalized thinning of all sectors of the RNFL, the temporal and nasal sectors displayed the most 

marked loss of RNFL.  

 

 

 

http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#F2
http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#F3
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FIGURE 12.2. Diagrammatic representation of OCT RNFL thickness comparing normal eyes to 
affected eyes. Grayscale area uses the thickest area of RNFL as the reference (149 µm is 100% black; 
thus darker areas indicate a thicker RNFL). The diagram is for the right eye.  

 

 

 

 

FIGURE 12.3. The percentage of OCT RNFL thickness lost, when compared to normative data. 
Darker shading indicates a greater percentage of thickness lost (white, 0% thickness lost; black, 
100% thickness lost). 
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VF Results 
The mean Humphrey visual field (HVF) mean deviation (MD) for the study group was –9.62 ± 6.96 dB 

(range, –1.04 to –25.29). The mean HVF PSD was 8.44 ± 5.30 (range, 1.48 to –17.03) The proportion 

of eyes with field sectors outside normal limits and the mean PSD for these sectors are shown in 

Table 1 . The temporal VF zones were more significantly depressed and more frequently outside 

normal limits than were the nasal zones in every instance (P < 0.0001). The most depressed VF 

quadrant was the superotemporal one. The two VF areas that demonstrated the greatest loss of VF 

sensitivity when the VF was divided into sectors according to the VF map (Fig. 1) , were sector 1 (the 

four most temporal points of the VF) with a mean PSD of –15.14 dB (corresponding to the nasal disc 

sector), and the temporal part of sector 6 (corresponding to the papillomacular bundle) with a mean 

PSD of –14.27 dB. 

 

Correlation between RNFL Thickness and VFS 
The deviation from normal RNFL thickness showed strong correlations with the temporal VF sectors 

(Table 2) . The four strongest correlations were at the 8 o’clock OCT position (temporal disc), in the 

temporal hemifield (R = –0.813, P < 0.00001), the superotemporal quadrant (R = –0.847, P < 

0.00001), the inferotemporal quadrant (R = –0.855, P < 0.00001), and the papillomacular bundle (R 

= –0.809, P < 0.00001). In general, the superotemporal sector yielded higher correlation coefficients 

than the inferotemporal sector. Nasal field sectors were not significantly correlated with OCT 

parameters. When nonquadrant VF sectors based on the VF map were divided into subsectors by the 

vertical meridian, the temporal subdivisions matched the magnitude and significance of the 

relationships in the undivided sectors, whereas nasal subdivisions were non-significant.  

 

  

http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#T1
http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#F1
http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#T2
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TABLE 12.1. Proportion of Eyes Outside Normal Limits and Mean PD in Decibels for VF Zones  

 

Visual Field Zones Eyes Outside Normal Limits, n (%) Mean PD (SD) (dB) 

 

Temporal hemifield 24 (92) –12.93 (9.85) 

Superotemporal quadrant 23 (88) –14.42 (9.51) 

Inferotemporal quadrant 20 (77) –11.92 (11.36) 

Nasal Hemifield 3 (11) –2.31 (2.18) 

Superonasal quadrant 2 (8) –2.12 (3.68) 

Inferonasal quadrant 1 (4) –2.16 (1.47) 

VF Sector 1 (entirely temporal) — –15.14 (11.12) 

VF Sector 2 — –9.74 (6.41) 

Temporal half — –13.77 (9.54) 

Nasal half — –3.03 (3.61) 

VF Sector 3 — –4.75 (2.33) 

Temporal half — –14.14 (9.20) 

Nasal half — –1.93 (1.31) 

VF Sector 4 — –4.87 (5.22) 

Temporal half — –11.23 (12.44) 

Nasal half — –2.15 (3.90) 

VF Sector 5 — –5.90 (5.89) 

Temporal half — –10.69 (11.63) 

Nasal half — –1.90 (3.46) 

VF Sector 6 — –10.37 (8.39) 

Temporal half — –14.27 (12.03) 

Nasal half — –2.56 (2.65) 
 

 



 

172 
 

TABLE 12.2. Relationship between OCT RNFL Deviation from Normal for Each OCT Parameter and 
Average Visual Field PSD at Each Visual Field Zone  
 

OCT 

Parameter MD PSD T ST IT N SN IN 

Central Visual  

Field (temporal 

to vertical 

meridian) 

 

S -0.47 -0.59 –0.65 –0.63 –0.59 –0.30 –0.09 –0.13 –0.56 

N –0.14 0.41 –0.40 –0.45 –0.30 –0.15 –0.11 0.11 –0.24 

I –0.24 0.40 –0.35 0.40 –0.32 –0.26 –0.12 –0.05 –0.26 

T –0.58 -0.74 –0.77 –0.77 –0.64 –0.30 –0.09 0.01 –0.75 

Average 

thickness 
–0.41 0.62 –0.63 –0.64 –0.53 –0.28 –0.07 –0.15 –0.49 

OCT.01 (S) –0.32 0.56 –0.61 –0.58 –0.55 –0.12 0.09 –0.13 –0.48 

OCT.02 (N) –0.36 0.54 –0.57 –0.60 –0.46 –0.35 –0.17 –0.01 –0.38 

OCT.03 (N) 0.02 0.28 –0.24 –0.30 –0.18 –0.08 –0.08 0.13 –0.13 

OCT.04 (N) –0.04 0.20 –0.17 –0.20 –0.13 –0.03 –0.07 0.04 –0.05 

OCT.05 (I) –0.16 0.22 –0.21 –0.22 –0.20 –0.27 0.08 –0.05 –0.08 

OCT.06 (I) –0.12 0.20 –0.16 –0.15 –0.14 –0.25 –0.24 –0.05 –0.01 

OCT.07 (I) –0.37 0.55 –0.51 –0.59 –0.41 –0.30 –0.04 –0.12 –0.50 

OCT.08 (T) –0.62 0.81 –0.86 –0.85 –0.73 –0.20 0.10 –0.07 –0.80 

OCT.09 (T) –0.46 0.67 –0.71 –0.70 –0.57 –0.17 –0.01 0.11 –0.65 

OCT.10 (T) –0.52 0.58 –0.61 –0.60 –0.52 –0.37 –0.23 0.01 –0.62 

OCT.11 (S) –0.47 0.47 –0.49 –0.51 –0.46 –0.33 –0.19 –0.01 –0.50 

OCT.12 (S) –0.43 0.55 –0.60 –0.55 –0.60 –0.22 –0.07 –0.11 –0.49 
 

Data are the Spearman correlation coefficient. Bold results, P < 0.05, bold and underscored, P < 
0.001 (subanalysis of visual field zones split into temporal and nasal halves not shown in entirety). S, 
superior; I, inferior; T, Temporal; N, Nasal; ST, superotemporal; IT, inferotemporal; SN, superonasal; 
IN, inferonasal; Avg, average.  
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Global and sectoral relationships between raw VF sensitivity (in dB and 1/L units) and RNFL thickness 

were analysed using linear and logarithmic regression for both scales. Coefficients of determination 

(R2) for these analyses are summarized in Table 12.3 . The strongest sectoral R2 was observed in the 

temporal OCT sector and the corresponding central part of the VF (R2 = 0.44) using the 1/L scale with 

linear regression. When the analyses included time since surgery in the regression model, the 

coefficients of determination improved significantly in both the 1/L linear regressions (from 0.35 to 

0.49 for average thickness), and the dB linear regressions (from 0.31–0.47) and with the temporal 

sector strengthening (R2 = 0.57). 

Table 12.4 shows the slopes of RNFL thickness loss versus VF sensitivity loss in both the dB and 1/L 

scale with the values standardized such that the x-axis (OCT RNFL thickness) is X = (X – mean 

[X])/SD (Y) and the y-axis (VF sensitivity) is Y = (X – mean [X])/SD (X). This normalization of OCT 

and VF parameters allowed direct comparison of slopes between different field sectors and RNFL 

measures. The steepest slope (0.67) was in the central VF (VF sector 6) and the corresponding 

temporal optic disc (papillomacular bundle). The shallowest slope was in the inferonasal quadrant and 

the corresponding superior optic disc (0.23). The remainder of slopes ranged from 0.31 to 0.63. In 

general, those slopes associated with the temporal disc and corresponding VF sectors were steeper 

than those associated with the nasal disc and their corresponding VF sectors (0.40–0.67 vs. 0.23–

0.34). 

  

http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#T3
http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#T4
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TABLE 12.3. Coefficient of Determination (R2) of Regression between VFS (Raw Sensitivity Data) 
and RNFL Thickness, without and with "Time since Surgery" Incorporated into the Analysis (Avg. 
thick, average thickness; S, superior; I, inferior; T, temporal) 

Without Time since Surgery 
 

 dB Sensitivity 
 

1/L Sensitivity 
 

OCT 
Parameter 
(Clock Hour) 

Linear 
Regression 

(R2) 

Logarithmic 
Regression 

(R2) 

Difference 
in Fit (P) 

Linear 
Regression  

(R2) 

Logarithmic  
Regression (R2) 

Difference in 
Fit (P) 

 

Avg. thick 0.31 0.31 0.401 0.35  0.31     0.18  
OCT.09 0.17 0.17 0.304 0.29  0.28     0.886  
T 0.34 0.33 0.456 0.44  0.40     0.291  
OCT.03 0.12 0.12 0.864 0.05  0.06     0.658  
N 0.18 0.18 0.316 0.10  0.11     0.490  
I 0.22 0.21 0.440 0.22  0.17     0.100  
S 0.39 0.41 0.211 0.32  0.29     0.100  

 

With Time since Surgery 
 

 dB Sensitivity 
 

1/L Sensitivity 
 

OCT 
Parameter 
(Clock 
Hour) 

Linear 
Regression 

(R2) 

Logarithmic 
Regression 

(R2) 

Difference 
in Fit (P) 

Linear 
Regression 

(R2) 

Logarithmic 
Regression 

(R2) 

Difference in Fit (P) 

 

Avg. thick. 0.47 0.46 0.360 0.49 0.46   0.020     
OCT.09 0.27 0.27 0.960 0.40 0.39   0.759     
T 0.46 0.45 0.844 0.57 0.53   0.125     
OCT.03 0.18 0.19 0.286 0.07 0.08   0.471     
N 0.24 0.26 0.294 0.12 0.13   0.857     
I 0.31 0.32 0.796 0.55 0.55   0.373     
S 0.53 0.55 0.422 0.52 0.48   0.037     
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TABLE 12.4. Slopes and 95% Prediction Intervals of Slope for Relationship between VF Sensitivity 
and RNFL Thickness  
 

Visual Field Zone Slope for 1/L Sensitivity  

(95% CI for slopes) 

Slope for dB Sensitivity  

(95% CI for slopes) 
 

Mean VFS 0.63 (0.32–0.94) 0.60 (0.28–0.91) 

Visual field sector  6 0.67 (0.39–0.95) 0.60 (0.28–0.91) 

Visual field sector 1 0.34 (0.07–0.75) 0.47 (0.09–0.84) 

Superotemporal 0.47 (0.10–0.85) 0.47 (0.10–0.85) 

Superonasal 0.31 (0.02–0.60) 0.24 (0.02–0.60) 

Inferotemporal 0.40 (0.31–0.90) 0.45 (0.36–0.95) 

Inferonasal 0.23 (0.13–0.59) 0.36 (0.02–0.74) 
 

 
The relationship between RNFL and VA or colour vision was also studied. All patients who had VA of 

20/30 or worse had temporal disc RNFL thickness of 50 µm or less. A similar relationship was seen 

with Ishihara colour plate performance, where every subject who incorrectly identified 3 or more of 

14 colour plates had temporal disc RNFL thickness below 50 µm.  

A scatterplot of raw VFS in 1/L scale (Fig. 4) against mean RNFL thickness reveals an offset bias of 

RNFL measurements with no readings below approximately 40 µm. A scatterplot of the relationship 

between temporal disc RNFL thickness and the corresponding VFS of the papillomacular bundle (VF 

sector 6) showed that there was a change in the structure–function relationship at a value of 50 µm 

(Fig. 5) . Below this RNFL thickness, the VFS showed marked variability; however, when the thickness 

was more than 50 µm, the relationship was more predictable.  

 

  

http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#F4
http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#F5
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FIGURE 12.4. Scatterplot of Average RNFL thickness measured by OCT and VFS in the 1/L scale.  

 

FIGURE 12.5. Scatterplot of temporal OCT RNFL thickness measured by OCT and VFS in the 
papillomacular bundle (VF sector 6). 
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12.6 Discussion  
 

This is the first study to compare the structure-function correlation of RNFL thinning, as measured by 

OCT with SAP in patients with chiasmal compression. Our data demonstrated that loss of RNFL 

thickness correlated with the severity of loss of VFS and occurred diffusely in all sectors, even in 

patients who had strict bitemporal hemianopic VF loss on SAP. However, the horizontal sectors of the 

RNFL (temporal and nasal) showed proportionately greater thinning than did vertical sectors, 

consistent with the clinical appearance of "band atrophy" that may be seen in patients with chiasmal 

compression. The correlation between RNFL and VFS strengthened as the time from surgical 

intervention increased. The sectoral correlations showed patterns distinctively different from 

glaucoma, with the temporal optic disc showing the strongest correlation with the corresponding 

central VF as well as with central visual acuity and colour vision.  

These findings extend our understanding of distribution of RNFL loss at the optic nerve head when 

the site of damage is at the chiasm. The two available histopatholgic examinations of the optic nerve 

in patients with optic atrophy secondary to chiasmal compression14,15 suggest that this syndrome 

leads to severe atrophy of temporal and nasal fibres that originate from ganglion cells nasal to the 

fovea. Our results also showed temporal and nasal loss of the RNFL, but in addition, diffuse loss over 

the entire disc. The diffuse loss of RNFL reflects that in most cases, although compressive lesions of 

the chiasm primarily affect the crossing fibres, they also affect non-crossing fibres.16 Three smaller 

studies have also demonstrated diffuse thinning of the RNFL in chiasmal compression using OCT and 

scanning laser polarimetry (SLP), in addition to preferential thinning of the temporal and nasal 

sectors.17,18,19 

The clinical diagnosis of optic atrophy is based on pallor of the optic disc, narrowing of the retinal 

vasculature, and loss of RNFL reflexes. The evaluation of optic disc colour is subjective and of 

unproven reliability. Furthermore, it is well recognized that the degree of pallor does not necessarily 

correlate with the level of visual function. Several investigators have evaluated methods for improving 

the grading of optic pallor including enlarging high-contrast black and white prints,20,21 estimating 

optic atrophy by colour contrast, and quantifying the degree of atrophy by microdensity in the blue 

(470 nm) and in the red (640 nm) regions. 22, 23 Focal loss of the RNFL may be visualized as retinal 

nerve fibre bundle defects. 24 However, these techniques require methods unavailable in standard 

clinical practice and demand a high degree of familiarity with the techniques. OCT appears to provide 

a more objective and practical measurement of RNFL loss than does clinical assessment.  

Our OCT measurements of the RNFL provide an accurate reflection of the degree of VF loss. The 

present study had a good range (MD from –1.04 to –25.29) of normal to severe VF for study and 

therefore is able to represent a comparison of OCT and VF effectively. The correlations between VF 

loss and RNFL were robust in that the temporal areas that demonstrated significant field loss 
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correlated highly with OCT thinning, whereas the nasal VF sectors did not show significant 

correlations with corresponding VF zones.  

This study allows the first comparison of structure–function relationships between glaucoma and 

another disease in which retinal ganglion cells are the primary neuron that is injured. The quantitative 

comparison between functional and structural deficits in the same eye has been evaluated to date 

solely in normal and glaucomatous eyes. Glaucomatous optic neuropathy has been shown to produce 

loss of VFS that correlates both in extent and location to OCT-identified areas of RNFL thinning.25,26,27 

Reasonably strong global correlations have been shown between mean RNFL thickness and SAP or 

corrected PSD (R = 0.68 and –0.59, respectively).28 Clinically, glaucomatous optic neuropathy is 

characterized by preferential loss of RNFL in an hour-glass pattern, loss superiorly and inferiorly, with 

relative sparing of the temporal and nasal sectors.29 Quantitatively, OCT-measured thinning of 

superior and inferior RNFL correlates with SAP MD, inferior SAP sensitivity, and superior SAP 

sensitivity at R2 = 0.35, 0.38, and 0.43, respectively.25 Studies in glaucoma have consistently shown 

that the superior and inferior structural analyses by sector were more informative in predicting VF loss 

than data from the temporal or nasal sectors and correlate more strongly with the corresponding VF 

sectors. 3,30,31 

In contrast, the present study has demonstrated that chiasmal compression has a different pattern of 

regional OCT loss and corresponding VF damage from that of glaucoma. Although retinal ganglion 

cells die diffusely in both conditions, chiasmal injury causes greater injury in the temporal and nasal 

RNFL and strong correlations between structure and function in the corresponding VF sectors. Patients 

with chiasmal syndrome have, in addition, correlations between temporal RNFL thickness loss and 

visual acuity and colour vision. The differences between glaucoma and chiasmal syndromes effect on 

retinal ganglion cells may derive from the location of injury to their axons, the type of injury, or its 

chronicity. Current evidence suggests that the major site of damage in glaucoma is at the level of the 

optic nerve head/lamina cribrosa with the superior and inferior poles being the most susceptible sites. 

In chiasmal compression, the axons that are closest to the expanding mass are those crossing from 

the nasal hemiretinal ganglion cells. The temporal hemiretinal fibres become involved when the 

tumour enlarges and affects the non-crossing fibres. The mechanism of injury may also partly explain 

the difference between compression and glaucoma; the slow chronic nature of compression by the 

tumour may result in axoplasmic stasis compared with glaucoma. Hence, this may reflect a 

reversibility that is not usually present in glaucoma.  

The structure–function relationship tended to strengthen as time passed after the surgical 

intervention. Recovery of vision, both immediate and delayed, after decompression surgery is a well-

established occurrence. Immediate recovery is postulated to result from the removal of physiologic 

conduction block and restoration of signal conduction.32,33 Visually evoked potentials have been 

documented to occur within 10 minutes of decompression.34 Delayed recovery of visual function after 
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compression of the optic nerve has been attributed to progressive remyelination of previously 

compressed axons that have undergone demyelination or re-establishment of vascular supply that 

potentially is hampered by stretching of the chiasmal blood supply by the tumour and consequent 

improvement of retinal ganglion cell function.33,35,36,37,38,39 As the interval from intervention increases, 

it is likely that the fate of the RGC is determined: Either the dysfunctional RGCs recover or they die. 

The relationship between structure and function strengthens as the component of RGCs that are 

damaged but not dead decreases. In other words, VF testing measures defects produced by both 

dead and dysfunctional RGCs, whereas anatomic measurements such us RNFL thickness only reflect 

the axons that have died. After the compression is relieved by surgical intervention, the VF improves 

for those axons that were non-functional, and the anatomic measurements reflect the surviving axons. 

This suggests that visual sensitivity losses likely precede ganglion cell death in compression 

syndromes and psychophysical measures in this setting include a component of cell dysfunction as 

well as cell death. Although this is striking in compression syndromes, this potential period of visual 

recovery has not been validated to occur in glaucoma. For example, detailed histologic analysis of 

retinal ganglion cell morphology after intracellular injection of fluorescent dyes has shown that the cell 

soma, dendritic tree, and axon may shrink before the onset of cell death in glaucoma. 40,41,42 This 

observation suggests that the potential may exist to predict which patients may demonstrate 

improvement of visual function in chiasmal compression: If RNFL thinning does not occur even in the 

presence of profound VF loss, it may be that visual recovery is possible.  

In glaucomatous optic neuropathy, there is a linear relationship between the number of ganglion cells 

and DLS when DLS is represented in the 1/L scale.43,44,45 This suggests that structural and functional 

damage follow a parallel path, despite the obvious variabilities in test paradigms. It is clear evidence 

that in glaucoma the methods for measuring reduction in the number of cells and loss of cell 

responsiveness are closely linked. The relationship is not linear when DLS is represented in the decibel 

scale, because this presents the information logarithmically transformed by comparison with 

nonlogarithmically plotted cell anatomic data. When we view the relationship in thickness versus 

decibel scales, the VF sensitivity changes at more normal decibel levels are minimal (compared to 

OCT thickness) and are magnified at low decibel levels.44,45 We found that chiasmal compression also 

suggests a linear relationship for global index information, but the power of the study may have 

prevented confirming such a relationship sectorally. Despite differences between glaucoma and 

compression syndromes, the implication is that disorders in which ganglion cells die diffusely, as well 

as within their own selective patterns, lead to a consistent loss of functional capability for an 

increment of anatomic neuronal loss. In essence, this serves as a validation of both our structural and 

functional test methods.  

There were differences, however, between the details of the structure–function correlation in 

compression compared with glaucoma. The slope of the structure–function regression models are 

different in compression and glaucoma (Schlottman et al.7 ). In part, difference may result from our 
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method of normalization of OCT and VF parameters, because of the difference in variability of each 

parameter. This allows direct comparison of slopes between different field sectors and RNFL 

measures, but is not a method used in other studies. The same level of change in RNFL thickness at 

the papillomacular bundle results in greater change in VF sensitivity than any other sector of the 

RNFL. In glaucoma, it was the superotemporal and inferotemporal sectors that had the steepest 

slopes.7 The differences in the slopes could be explained by preferential damage to different types of 

ganglion cells, their regional distribution, or the different time course of the disease process.  

It is intriguing that some relationships that would be expected to be strong were not. For example, 

the nasal side of the disc did not show a stronger correlation to the corresponding temporal sectors. 

This finding may be in part due to the smaller range of VF defects in these sectors, as they tended all 

to be significantly abnormal. However, OCT clock hour 2 had a robust correlation to VF sector 1 of the 

Garway-Heath map (which are the four points exclusively temporal). Also, the nasal VF sectors did not 

show any significant correlation to the corresponding temporal optic disc sectors. Although we 

identified thinning in the superior and inferior RNFL of approximately 33%, the SITA-standard VF test 

identified only mild abnormalities in the corresponding nasal sectors with no nasal sector showing a 

mean deviation of greater than –4.8 dB.  

Hence, the lack of correlation may be due to the limitation of white-on-white perimetry to identify 

early abnormalities in the VF. Studies have shown that short-wavelength automated perimetry and 

frequency doubling technology have shown closer agreement with structural assessments in 

glaucomatous optic neuropathy.46 Further research comparing structural parameters with other 

psychophysical tests of visual function may also demonstrate stronger correlations for compressive 

optic neuropathies.  

Alternatively, the generalized thinning of the RNFL may be explained by the fact that every clock hour 

of the optic disc receives crossing fibres; even the temporal side of the disc receives fibres from the 

retina between the vertical meridian through the fovea and the disc. The upper and lower poles of the 

optic disc receive a significant number of fibres from the retina temporal to the fovea, which are non-

crossing fibres, and this is why the loss of fibres in these sectors would not be expected to be as 

dramatic as in the bow-tie region, which receives predominantly crossing fibres.  

There are several limitations of this study that may affect the accuracy of correlating clinical VFs with 

ganglion cell loss. Some are due to the inherent anatomic and psychophysiologic variability in the 

techniques used in measuring structure or function. At RNFL thicknesses below 50 µm (Fig. 5) , there 

was tremendous variability in central VFS. We never measured RNFL thickness less than 40 µm. 

Schlottman et al.7 were unable to measure RNFL less than 20 µm with SLP7 and suggested that this 

inability may be due either to inaccuracies in measuring a thin RNFL or to other unspecified sources of 

http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#F5
http://www.iovs.org.ezproxy.auckland.ac.nz/cgi/content/full/47/11/4827#B7
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retardation. It is possible that even with complete axonal loss, the residual nerve fibre layer measured 

by the OCT is a reflection of other structures such as astrocytes.  

Some areas of the RNFL may have a higher inter-individual variability than others. It has been 

suggested that the inferotemporal and superotemporal sectors have lower intereye variability in 

normal subjects.47 Another sector-related problem could be the correlation between the RNFL 

thicknesses of adjacent sectors, causing relationships to appear with sectors that are merely close 

neighbours of the responsible sector resulting in the well-correlated areas appearing wider. Garway-

Heath et al.5 discussed that in devising their structure–function map, the mean SD of VF sectors for 

correspondence at the optic nerve head positions was 7.2°, suggesting that 95% of the time a VF test 

point will be associated with a position at the ONH within approximately 14° either side of a mean. 

Thus, the range of possible positions at the optic nerve covers almost 30° for each VF test point. 

Variability in the location of the OCT scan with regard to the disc margin may also reduce the strength 

of the relationship between deviation from normal RNFL thickness and SAP PD. Not surprisingly, the 

VF/optic nerve map used in this study failed to identify with certainty the structure–function 

correlation, as the map was derived from a cohort of patients with glaucoma. However, when the map 

was further subdivided to respect the vertical meridian, the correlation of the temporal Garway-Heath 

sectors were as robust as the hemifields and quadrants; because, although lesions in the chiasm 

result in anterograde degeneration, they do not alter the relationship between the loss of axons or the 

thinning of the RNFL at the optic disc and its associated retinal ganglion cell bodies. Finally, despite 

this study’s being the largest series of compressive optic neuropathies quantified with OCT and SAP 

reported to date, the number of patients studied may have limited the identification of significant 

relationships.  

In summary, this study adds to the body of evidence for a topographic structure–function relationship 

in optic neuropathies. RNFL thinning and regional decreases in VF sensitivity are topographically 

related in both location and severity in compressive optic neuropathies, with the temporal optic disc 

having the strongest structure–function correlation. Because of the high correlation demonstrated 

between VFS and corresponding RNFL thickness, OCT may provide an objective measure of ganglion 

cell axonal loss in chiasmal compression and may have a useful role in the management of these 

conditions. Furthermore, the study clearly demonstrates a difference in the topographic changes 

identified at the optic nerve head between glaucoma, which results in RNFL thinning at the superior 

and inferior poles, and chiasmal compression, which shows greatest RNFL thinning at the temporal 

optic disc. This finding may be potentially useful clinically in cases in which both diagnoses are under 

consideration. However, further research is appropriate to determine the sensitivity and specificity of 

this association as measured by OCT. These findings should stimulate the investigation of whether the 

OCT RNFL measurement can serve as a prognostic indicator for the recovery of vision after 

decompressive surgery. 
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12.7 Epilogue 

Since  the work described in this chapter was published in Investigative Ophthalmology and Visual 

Science in 2006, other investigators have evaluated the structural-functional relationship between 

retinal nerve fibre layer and visual field sensitivity - most corroborating our observations and 

conclusions.  

 

One challenge in comparing the results from different studies is that each ocular imaging technology  

has undergone modifications, refinements and improvements over the last decade. Most investigators 

have focussed on optical coherence tomography to quantify the RNFL. Studies published between 

2004-2009 explored the structure-function relationship between the RNFL and visual field sensitivity 

using time-domain OCT.48,49  The initial studies between 2004-2006 were performed using the first 

commercially available OCT equipment (OCT-1, Humprey-Zeiss, Dublin, CA, USA). Even with this early 

technology a clear relationship was present between RNFL and visual field with OCT-1 able to detect 

the loss of RNFL in band atrophy.18,19  

 

One of the limitations of these early studies was the that visual field system used was Goldmann 

perimetry which limits the ability to grade and quantify visual field defects other than in discrete 

steps.  When the OCT-1 was compared to the Stratus OCT the investigators identified that the Stratus 

RNFL measurements were generally lower than the OCT-1 and therefore could not be directly 

compared in longitudinal studies.50 

 

From 2006, studies utilised the new generation of the machines, the StratusOCT (Carl-Zeiss Meditec, 

Dublin, California, USA), or a time-domain based OCT (TD-OCT).51   In 2007, Monteiro et al, in a 

cross-sectional study of patients with bitemporal hemianopic defects and normal nasal visual fields, 

evaluated the diagnostic ability of the Stratus OCT with a normative database to detect band atrophy 

of the optic nerve.  Their study corroborated our findings that the average RNFL and sector analysis 

performed well at detecting damage.52 Unlike our study which used standard automated perimetry, 

this study used Goldmann perimetry as their modality of visual field testing.   One of the criticisms of 

TD-OCT is the resolution which is reported to be 8-10 µm in resolution approximately. With a 

resolution in the magnitude of 1/5 of the true RNFL thickness, the ability of OCT to detect small RNFL 

changes in the individual case is restricted. 

 

Subsequent to 2009 most investigators have used spectral domain OCT.  Spectral-domain OCT (SD-

OCT) enhanced scan resolution and reduces acquisition time, providing more reproducible images 

compared with the TD-OCT technology.53  The relationship between standard automated perimetry 

and  SD-OCT using the Cirrhus was evaluated by Monteiro et al. and a  significant correlation was 

identified between VF sensitivity loss and most OCT parameters.48   
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In a separate study the same investigators concluded that whilst the relationship between RNFL 

measured with Cirrhus OCTand standard automated perimeter is robust the correlation is stronger for 

the macular parameters with this technology.54  

 

Investigators have explored the differences in the various SD-OCT instruments with one group 

suggesting that the RTVue (Optovue Inc) RNFL thickness measurements in nasal sectors showed 

better diagnostic performance in detecting band atrophy and higher correlations with temporal 

hemianopia than the Cirrus measurements.55 

 

Most investigators have shown that OCT accurately detects RNFL thinning in patients with 

compressive optic neuropathy.  However, one group of investigators, Johannson et al, evaluated the 

structure-function correlation between Stratus OCT and high-pass resolution perimetry (HRP)  and 

concluded that the pattern of RNFL loss did not correlate well with the visual field defect.49 High-pass 

resolution perimetry (HRP) is a type of perimetry that determines resolution thresholds within the 

central 30 degree visual field and is thought to show a linear relationship between high-pass 

resolution thresholds and functioning retinal ganglion. One of the limitations of this study was that it 

only included eight patients.  

 

Other technologies have also been evaluated in patients with chiasmal compression.  The ability of 

scanning laser polarimeter (SLP) with both fixed (GDx FCC) and variable corneal compensation (GDx 

VCC) has been considered.  GDx- FCC failed to detect the characteristic temporal RNFL loss of band 

atrophy of the optic nerve.17 However, the GDx- VCC had very good discriminating ability in eyes with 

band atrophy.56  The GDxVCC underwent a further algorithm upgrade in 2008- with an enhanced 

corneal compensation (ECC).  This development improved the signal-to noise ratio and eliminated 

artifacts associated with atypical retardation patterns seen in some scans while still allowing 

compensation for the anterior segment birefringence. However, the use of GDx ECC did not  provide 

a better evaluation of RNFL loss on the temporal and nasal sectors of the peripapillary retina in 

subjects with BA of the optic nerve.57 

 

GDx VCC was also compared to Stratus OCT to assess the discriminating ability in eyes with band 

atrophy.  While both GDx VCC and Stratus OCT RNFL thickness measurements were able to 

differentiate eyes with band atrophy from normal controls, GDx VCC discrimination ability was less 

efficient than Stratus OCT when measuring the temporal quadrant.56  

 

Leal et al assessed the discriminating ability of RNFL parameters using GDxFCC, OCT-1, and Stratus 

OCT in eyes with severe band atrophy and found for the RNFL that average measurements were 

significantly larger for Stratus OCT (0.99) than for OCT 1 (0.95) or GDx with FCC (0.88).58 
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Despite the different technologies and the different generations of each instrument the over-arching 

conclusion is that following removal of the lesion compressing the visual pathway and stabilisation of 

the visual field, there is a strong structure-function correlation between visual field loss and RNFL 

loss. However, no study had up to the time-point of the presented study, evaluated this relationship 

prior to surgical removal of the tumour.  
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13.1 Prologue 

Investigating the relationship between structure and function in compressive optic neuropathies prior 

to surgery is of important not only to provide complementary data on the extent of neural damage in 

patients at risk of irreversible VF loss, but even more importantly to help estimate the prospects of 

reversing visual loss. 

Visual outcome following surgical intervention for chiasmal compression is extremely variable.  

Numerous factors have been studied and have failed to reliably predict outcome of visual field. 

Factors that have been investigated include: duration of symptoms, endocrine characteristics of the 

tumour, age, pre-operative visual acuity, pre-operative visual field, optic nerve head appearance and 

pattern electroretinogram (ERG).1,2,3,4,5,6,7,8 

 

Given our findings in the previous study A) that the RNFL thickness is topographically related globally 

and sectorally to visual field sensitivity and that B) this correlation strengthens as the duration from 

surgical intervention increases, we hypothesised that RNFL measurement pre-operatively could 

predict degree of visual recovery post-operatively.  

 

No other published study has investigated this aspect of compressive optic neuropathies using 

objective automated imaging technologies. 
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13.2 Abstract 

Purpose 

Restoration of visual function after neurosurgery for parachiasmal tumours is variable and 

unpredictable. The current study was conducted to determine whether in vivo retinal nerve fibre layer 

(RNFL) thickness measurements predict the visual recovery of such patients. 

 Methods 

Forty patients undergoing surgical resection of parachiasmal lesions were prospectively assessed 

before surgery with a neuro-ophthalmic examination, involving standard automated visual field (VF) 

testing and optical coherence tomography (OCT) measurements of RNFL thickness, which was the 

pre-specified marker for axonal loss. Tests were repeated within 6 weeks after surgery.  

Results 

Thinner preoperative RNFL thickness was associated with worse visual acuity (VA) and VF mean 

deviation (MD). Patients with normal preoperative RNFL had significant improvement in mean VA 

after surgery, from 20/40 to 20/25 (P = 0.028), whereas patients with thin RNFL did not improve 

(20/80 to 20/60, P = 0.177). Eyes with normal RNFL showed improvement in MD (-7.0 dB before 

surgery, -3.5 dB after surgery, P = 0.0007) unlike eyes with thin RNFLs, which had no significant 

improvement after surgery (-15.3 dB before and -13.3 dB after surgery, P = 0.191). RNFL thickness 

increased by 1% after surgery among all eyes (P = 0.04). Eyes with severe VF defects (MD </= -10 

dB) but normal preoperative RNFL thickness showed a postoperative improvement in MD of 14.6 dB 

compared with 1.6 dB (P < 0.0001) in eyes with thin RNFL before surgery, despite no difference in 

MD before surgery (normal RNFL MD, -22.3 dB; thin RNFL MD, -20.8 dB; P = 0.7). 

 Conclusion 

Patients who have objectively measurable RNFL loss at the time of surgery for chiasmal compressive 

lesions are less likely to have return of VA or VF after surgery. 

  



 

192 
 

13.3 Introduction 

 

Optic nerve compression by mass lesions at the optic chiasm produces loss of visual acuity (VA), 

colour vision, and visual field (VF) defects. Although it is well recognized that visual improvement may 

occur after surgical excision of a parachiasmal lesion, this recovery is variable and 

unpredictable.9,10,11,12,13,4,2,14,1  

Previous reports have evaluated a variety of candidate measures, including duration of symptoms, 

size of tumour, preoperative VA and visual field, and optic nerve head appearance. However, studies 

have shown conflicting results. Some studies have identified as predictive such parameters as age,4,2,1 

preoperative VA,1 or visual field loss.4,14 Others have demonstrated no correlation of these variables 

(age, preoperative VA,4,2,14 or visual field loss1 ) with recovery. Other investigators have considered 

the length of a patients’ visual symptoms2 as important information to determine recovery1, yet this 

also been shown to be unreliable.11,4,14  Studies investigating tumour size and morphologic 

appearance have also shown conflicting results.13,4,2 Optic atrophy has been reported by some 

investigators to correlate with degree of recovery,2 but the grading and reporting of optic nerve pallor 

is subjective1. Hence, presently, there is no reliable predictor of recovery. Methods that would predict 

the visual outcome of surgery would be welcome both to tailor management strategies regarding the 

timing and necessity of surgery and to counsel patients on their likely ultimate visual function.  

As failure of recovery is a consequence of irreversible damage to retinal ganglion cell axons (RGCs), 

the type of measurement that is needed would identify anatomic alteration or dysfunction in RGCs or 

their axons caused by the chiasmal disorder.15  Optical coherence tomography (OCT) was developed 

to quantify the thickness of the retinal nerve fibre layer (RNFL) around the optic nerve head and the 

whole retinal thickness in vivo by performing cross-sectional imaging of internal tissue microstructure 

by measuring the echo time delay of back-scattered infrared light using an interferometer and a low-

coherence light source. The chief clinical application of OCT to date has been in examination of retinal 

disorders. However, recently, RNFL thinning measured by OCT has been shown to be topographically 

related in both location and severity to decreases in visual field sensitivity in compressive optic 

neuropathies, suggesting that OCT provides an objective measure of RGC axonal presence in normal 

eyes and their loss or other alteration in eyes with chiasmal compression.16  

These findings stimulated the hypothesis that the presence of axonal loss quantified by RNFL 

measurement would be associated with a diminished chance for visual recovery in persons with 

parachiasmal lesions after surgical intervention. The purpose of the present study was to assess 

prospectively the relation between the degree of axonal loss before surgery and visual function 

recovery after surgery, using RNFL measurement by OCT as the pre-specified marker of axonal loss.  
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13.4 Methods 

  

Patients 

Forty consecutive patients with chiasmal compression syndromes were prospectively recruited from 

the Neuro-ophthalmology and Neurosurgery Departments of the University of Auckland, New Zealand, 

and the Wills Eye Institute, Philadelphia, Pennsylvania. The research adhered to the tenets of the 

Declaration of Helsinki. The institutional review committees had approved the research and informed 

consent had been obtained. Exclusion criteria comprised unreliable VF testing (>33% false positives, 

or false negatives, or fixation losses), any anterior segment, retinal, posterior segment, or optic nerve 

disease other than compressive optic neuropathy, including known glaucoma, cup-to-disc ratio 

asymmetry of greater than 0.2, focal notching, or optic nerve haemorrhage. In each patient, the 

presence of a chiasmal lesion was confirmed by magnetic resonance imaging (MRI). Patients were 

excluded from the study if they had undergone any previous radiotherapy or medical treatment. In 

the preoperative assessment, all patients underwent testing of VA, refraction, slit lamp bio 

microscopy, applanation intraocular pressure measurement, stereoscopic fundus evaluation, VF testing 

with a perimeter (Humphrey Visual Field Analyser 2 [HFA2], 24-2 program, SITA Standard; Carl Zeiss 

Meditec, Dublin, CA), and OCT Fast RNFL scan. After surgery, repeated measurements of VA, colour 

vision testing with Ishihara plates, intraocular pressure measurement, slit lamp biomicroscopy, fundus 

examination, OCT RNFL measurement, and VF testing were undertaken. Preoperative assessments 

were performed up to 2 months before surgery, and postoperative visits occurred up to 6 weeks after 

surgery.  

Five patients did not meet the entrance criteria to the study, four due to inability to undergo VF 

testing, either before or after surgery, and one because of not meeting the study’s time frames for the 

preoperative assessment. Of the remaining 70 eyes (of 35 patients), 7 were excluded from this 

analysis due to unreliable VFs at either the pre- or postoperative assessment. 

Optical Coherence Tomography 

Quantitative RNFL measurements were obtained using the Stratus OCT (Carl Zeiss-Meditec, Inc.) 

instrument with software version 3.0.1. The optical principles and applications of the OCT have been 

described in detail elsewhere.16 The software provides RNFL thickness for each clock hour position and 

for each quadrant of the optic nerve head. The average RNFL thickness for the entire circumference 

around the optic disc, in the mean of three scans at a diameter of 3.4 mm was obtained for each eye. 

We included only RNFL scans that were evaluated as "good," as judged by the appearance of the 

RNFL pictures. The OCT is a non-invasive and rapid test, with the time for image acquisition being 

less than a second.  
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For some portions of the analysis, we stratified the eyes of our patients into two groups, those 

classified as having a normal nerve, and those who had a thin nerve. Eyes in the thin-nerve group had 

average preoperative RNFL thicknesses that were thinner than 97.5% of normal values derived from 

an age-matched normative database (data from Carl Zeiss Meditec, Inc.). Eyes in the normal nerve 

group had RNFL values within the 97.5 percentile of normative values. This cut-off was chosen to 

take into account the broad range of normal RNFL thicknesses.  

Automated Perimetry 

Automated perimetry was conducted using the 24-2 Swedish Interactive Threshold Algorithm (SITA) 

on the HFA2 instrument (Carl Zeiss Meditec, Inc.) with a Goldmann size III stimulus on a 31.5-

apostilb background.  

Statistical Analysis 

All data on RNFL thicknesses are presented as the mean ± SD. Pearson’s correlation coefficients and 

linear regression analysis were conducted to correlate OCT-measured RNFL thickness (in micrometres) 

in the thin and normal nerve groups to corresponding VF sectors before surgery and at the 

postoperative visit. The eyes were stratified into thin and normal nerve groups based on their RNFL 

thickness. For linear and multiple regression analyses, RNFL thickness was treated as a parametric 

variable, as it obeyed continuous normal distribution. Normality of the distribution was tested with 

Shapiro-Wilk statistics. VF sensitivity was treated as the dependent variable and RNFL thickness as the 

independent variable in all regressions assessing the relationship between VF sensitivity and RNFL 

thickness. Evidence of nonlinearity was assessed using a significance level of 0.05. Differences 

between thin and normal nerve groups are reported from two sample Students t-tests. General 

estimating equations (GEEs; with the GENMOD procedure of SAD) were used to take into account the 

correlation between eyes in the same subject17  (since two eyes of the same individual have optic disc 

measures that are more similar than those of unrelated persons). Analyses were conducted with 

commercial software (SAS, ver. 9.1; SAS Institute Inc., Cary, NC). Another program (Prism, ver. 4.2; 

Graphpad, Inc., San Diego, CA) was used to calculate the area under the receiver operating 

characteristic (ROC) function. All tests were two-tailed and P < 0.05 was considered statistically 

significant.  
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13.5 Results 

 

Baseline Preoperative Data 

The average age of patients was 45 years (SD ±16; range, 18–77) with an equal number of men 

(49%) and women (51%). The majority of the patients (27 patients, 49 eyes) had a diagnosis of 

pituitary adenoma (77%). The remaining 23% had cystic lesions (three patients, six eyes), 

meningioma (two patients, four eyes), and craniopharyngioma (one patient, one eye), an extrinsic 

granulomatous mass with histology consistent with neurosarcoidosis (one patient, two eyes), and 

paraclinoid aneurysm (one patient, one eye).  

Indications for surgery included: impaired visual function (VA, colour vision, or VF abnormalities) for 

30 patients, and endocrinological reasons in 5 patients.  

Preoperative mean best-corrected VA (BCVA) was 20/50 (range, 20/16 to hand movements). A mean 

of 76% of Ishihara colour plates were identified correctly before surgery (SD ±37.2%; range, 0%–

100%). Mean ± SD MD on VF testing was –9.6 ± 9.8 (range, –34.1 to 0.6) and mean pattern 

standard deviation (PSD) was 6.1 ± 4.9 (range, 1.1 to 16.8). The mean ± SD preoperative RNFL 

thickness was 89.7 ± 20.1 µm (range, 38.0 to 124.8 µm) among all eyes. Forty-three (68%) eyes met 

the RNFL criteria for normal, and 20 (32%) eyes for the thin group.  

Thin preoperative RNFL thickness was associated with worse VA and VF MD (Table 13.1). Eyes 

classified as having normal RNFL identified significantly more Ishihara colour plates correctly than did 

the eyes in the thin-RNFL group (83.0% vs. 63.7%, P = 0.036; Table 13.1 ). In addition, eyes with 

normal RNFL thickness at baseline had less severe VF defects before surgery (MD, –7.0 dB vs. –15.3 

dB, P = 0.01).  
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TABLE 13. 1. Difference in Visual Function and OCT Parameters for Thin Nerve and Normal Nerve 
Groups at Preoperative Assessment  
 

 Normal Nerve Thin Nerve P  
 

BCVA 20/40 20/80 0.064 
 [20/16–CF] [20/16–HM]  
Ishihara plates (%) 82.9 64.7 0.036 
 (33.7) (41.6)  
 [0–100] [0–100]  
Visual Fields  
(MD in dB) –7.0 –15.3 0.012 

 (8.4) (10.3)  
 [–34.1–0.3] [–33.6–0.6]  
RNFL Thickness (µm)    
 Average 100.4 66.8 <0.0001 
 (12.9) (12.2)  
 [81.2–124.8] [38.0–82.8]  
 Superior quadrant 128.6 89.4 <0.0001 
 (21.0) (22.3)  
 [88–170] [47.0–120.3]  
 Nasal quadrant 80.8 48.5 <0.0001 
 (16.5) (11.8)  
 [52–111.3] [28–69]  
 Inferior quadrant 122.9 86.9 <0.0001 
 (18.8) (20.9)  
 [80.7–158.0] [38.3–115.0]  
 Temporal quadrant 69.0 46.7 <0.0001 
 (14.4) (12.9)  
 [33.3–103.1] [27.0–84.3]  

 

Data in parentheses are the SD and in brackets are the range.  

 

Change in Visual Function after Surgical Decompression 

Eyes with normal RNFL measurement showed a significant improvement in VA, from a mean of 20/40 

to 20/25 after surgery (P = 0.028; Table 13.2 ), whereas eyes with thin RNFL did not improve 

significantly (20/80 to 20/60; P = 0.177). Eyes with normal RNFL, showed an improvement in MD 

from –7.0 dB before surgery to –3.5 dB after surgery (P = 0.0007). There was no significant 

improvement in MD between baseline assessment (MD, –15.3 dB) and postoperative visit (MD, –13.3 

dB, P = 0.191) in eyes with thin RNFLs. The RNFL layer increased by 5.5% (P = 0.056) in eyes with 

thin RNFLs and by 1% in all eyes (P = 0.04, Table 13.2 ).  
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TABLE 13.2A. Change in Visual Function and OCT Parameters from Preoperative to Postoperative 
Assessment for the Normal and Thin Nerve Groups  

 Pre-op Assessment Post-op Assessment P  
BCVA    

Normal 20/40 20/25 0.028 

 [20/16–CF] [20/16–CF]  

Thin 20/80 20/60 0.177 

 [20/16–HM] [20/16–PL]  

All 20/50 20/30 0.01 

 [20/16–HM] [20/16–PL]  

Ishihara plates (%)    

Normal 82.9 87.3 0.122 

 (33.7) (29.1)  

 [0–100] [16.7–100]  

Thin 64.7 67.0 0.717 

 (41.6) (44.1)  

 [0–100] [0–100]  

All 76.8 79.5 0.114 

 (37.2) (36.6)  

 [0–100] [0–100]  
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TABLE 13.2B. Change in Visual Function and OCT Parameters from Preoperative to Postoperative 
Assessment for the Normal and Thin Nerve Groups 

 Pre-op Assessment Post-op Assessment P  
BCVA    

Visual fields MD (dB)    

 Normal –7.0 –3.5 0.0007 

 (8.4) (5.2)  

 [—34.1–0.3] [–19.9–1.3]  

 Thin –15.3 –13.3 0.191 

 (10.3) (10.6)  

 [–33.6–0.6] [–33.6–0.5]  

 All –9.6 –7.1 0.0003 

 (9.8) (8.9)  

 [–34.1–0.6] [–33.6–1.3]  

Average RNFL thickness 
(µm) 

   

 Normal 100.4 101.8 0.280 

 (12.9) (12.7)  

 [81.2–124.8] [84.2–131.1]  

 Thin 66.8 70.5 0.056 

 (12.2) (14.7)  

 [38.0–82.8] [40.6–86.9]  

 All 89.7 90.3 0.040 

 (20.1) (20.2)  

 [38.0–124.8] [40.6–131.1]  

Data in parentheses are the SD and in brackets are the range.  

Patients were evaluated to determine whether RNFL predicted the likelihood of recovery of visual 

function. Ninety-seven percent of eyes with normal RNFLs achieved VA of 20/40 or better, compared 

with 72% with thin RNFLs (P = 0.02; odds ratio, 11.5; 95% CI, 1.2–108.8). Similarly, 94% of eyes 

with normal RNFLs achieved VA of 20/30 compared with 67% of those with preoperative thin RNFLs 

(P = 0.039; odds ratio, 7.5; 95% CI, 1.3–41.1). Likewise, eyes with normal RNFLs had significantly 

improved VF, with 71% improving to final MD of –3.5 dB or better, compared with 28% of eyes with 

thin RNFL (P = 0.007; odd ratio, 6.4; 95% CI, 1.7–23.1). Fifty-five percent of eyes with normal RNFL 

compared to 22% of those with thin RNFL (P = 0.037) achieved an MD of –2.0 dB by 6 weeks after 

surgery.  
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Relationship of RNFL w ith Visual Function in Eyes w ith Severe Visual Field 

Defects 

Figure 13.1 shows a clear cut off between preoperative average RNFL thickness in the thin group and 

normal group between values of 75 and 80 µm. There were 19 eyes with a baseline MD–10 dB 

(moderate to severe VF defects); of those eyes with an average RNFL thickness >80 µm, all had a 

>10-dB change in MD from before to after surgery. Eyes with significant VF defects (MD worse or 

equal to –10 dB) but normal RNFL thickness before surgery showed a mean postoperative 

improvement in MD of 14.6 ± 3.1 dB (SD) compared with those with MD worse or equal to –10 dB 

and thin RNFL measurement, who improved on average by only 1.6 ± 14.7 dB (P < 0.0001) despite 

no difference in MD at their baseline visit (normal RNFL MD, –22.3 dB; thin RNFL MD, –20.8 dB; P = 

0.7, Fig. 1 ). We compared the difference in RNFL thickness among the eyes with baseline MD of 

worse than or equal to –10 dB between eyes that showed a mild improvement in VF recovery (MD 

improving by >2 dB) and those with a dramatic improvement (MD improving by 10 dB) from the 

preoperative baseline. Eyes that improved 10 dB or more had a mean ± SD RNFL thickness of 105.2 

± 16.5 µm, compared with a mean RNFL thickness of 61.7 ± 13.1 µm (P < 0.0001) in eyes that did 

not improve by this criterion (Fig. 2B) . There was a similar significantly thicker RNFL in eyes that 

improved by 2 dB or more, compared with those that did not (Fig. 2A).  

 

 

 
FIGURE 13.1. Comparison of the magnitude of MD change from pre- to postoperative assessment  
in the thin group and normal group among the eyes with baseline MD–10 dB.  
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FIGURE 13.2. Difference in RNFL thickness between the eyes in which MD improved by at least 2 dB 
(A) and at least 10 dB (B) from preoperative to postoperative assessments, among the eyes with the 
severe baseline VF defect of –10 dB or worse. 

 

 

 

 

Linear regression lines comparing change in VA and MD after surgery demonstrate that patients with 

poor VA or MD but with normal RNFL before surgery have a significantly greater recovery of vision 

than those with the same preoperative level of visual function but thin RNFL with the difference in 

recovery slope being significantly different from 0 in those with normal RNFL but not in those with thin 

RNFL (Fig. 3). Liner regression analysis of the eyes in the thin- and normal-nerve groups that reached 

near-normal VF after surgery (final MD of –2 dB or better) showed that the eyes with thicker RNFL 

are more likely to achieve this final outcome up until the RNFL thickness of approximately 85 µm, 

after which there was no added benefit of having a thicker RNFL.  
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FIGURE 13.3. Regression lines comparing change in BCVA and MD between pre- and postoperative 
assessments in the eyes belonging to the thin and normal nerve groups according to their BCVA and 
MD at the preoperative visit. 

 

 

 

 

ROC curve analysis demonstrates that RNFL thickness is an excellent predictor for recovery of BCVA 

to 20/40 or better (area under the curve of 0.89, P = 0.002) and for dramatic improvement in MD by 

10 dB or more (area under the curve of 0.78, P = 0.013) in the immediate postoperative period (Fig. 

4). The two independent predictors of MD at postoperative assessment (up to 6 weeks after surgery) 

in the eyes with severe VF defect at the baseline (MD of –10 dB or worse) were average RNFL 

thickness in the inferior quadrant of the disc at baseline (P = 0.0001) and MD at baseline (P = 

0.0024). Examination of partial R2 values revealed that average RNFL thickness in the inferior 

quadrant of the disc at baseline explained 61% of the variance in the MD at postoperative assessment 

and the MD at baseline explained further 18%. 
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FIGURE 13.4. ROC curves for RNFL thickness at the baseline as a predictor of subsequent BCVA 
recovery to 20/40 or better and MD improvement by 10 dB or more after surgery among all eyes.  

 

 

 

  



 

203 
 

13.6 Discussion 

 

Although it is well established that recovery of visual function occurs in a significant proportion of 

patients after surgery for chiasmal compressive lesions, it is also recognized that this recovery is 

highly variable.10,11,12,13,4,2,14,16 Prognostic indicators for potential improvement in function after surgery 

for parachiasmal lesions would offer physicians the ability to tailor treatment plans and to counsel the 

patient regarding the outcome of the intervention. To date, there have been contradictory findings 

regarding factors that may predict the degree of visual recovery. Factors such as shorter duration of 

symptoms, younger age, lack of optic disc pallor, and better preoperative VA have been associated 

with better postoperative recovery of visual function by some investigators but not others.1, 11,4,14,18,8  

The present study is the first to establish a clinical marker that correlates strongly with the degree of 

visual recovery after surgical intervention in patients with significant visual loss as a result of chiasmal 

compression. The degree of reversibility of visual dysfunction with compression of the anterior visual 

pathway is related to the loss of RNFL thickness, as measured by the OCT. In patients with normal 

RNFL thickness, visual function shows large improvements in the presence of advanced preoperative 

VF or acuity loss, whereas patients with thin RNFL and advanced VF defect demonstrate significantly 

less improvement. The study demonstrated that there is an increasing probability of improvement to 

near normal visual function (VA better than 20/40 or mean deviation within 2 dB of normal) with 

increasing RNFL thickness up to approximately 85 µm, after which there is no further improvement in 

visual function.  

Other objective tests have been investigated as predictors of visual outcome after removal of 

parachiasmal lesions. Both the amplitude and the velocity of visually evoked potential (VEP) are 

decreased in compressive optic neuropathies. Even patients with profound decreases in VEP may 

show complete recovery of VEP within minutes of decompression, suggesting that one mechanism for 

the depressed VEP is nerve conduction blockade, which is relieved by surgical intervention.19,20,21 

However, VEP data share with VF findings the limitation that they denote functional loss that is 

reversible, rather than providing prognostic value. They do not differentiate between decrease in 

visual function due to reversible factors, such as conduction block, and irreversible factors, such as 

actual retrograde RGC degeneration.22,23,24,25 In addition, delays in latency in the VEP recording may 

occur in retinal dysfunction and cannot be considered pathognomonic of optic nerve disease.26 The 

pattern electroretinogram (PERG), another objective test of retinal function, originates from the inner 

retinal layers and provides an assessment of RGC function.27,28,29,30  Like the VEP, it requires complex 

equipment, electrodes that are placed on the eye, and a relatively time-consuming test procedure. 

Reports have suggested that an abnormal PERG correlates with lack of postoperative recovery.31   

However, although the chance of VF improvement after surgery is greater in those eyes with a normal 

PERG, 34% of such eyes showed deterioration or no change in VF, indicating that PERG was not able 

to predict VA recovery.  
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The potential for recovery of visual dysfunction caused by compressive lesions of the anterior visual 

pathway may depend on the degree and duration of axonal injury.18,13,27,28,32 There are several 

underlying pathophysiologic mechanisms that contribute to the visual dysfunction but are not 

associated with significant axonopathy and are potentially reversible. Conduction block, which may be 

due to direct compression or ionic concentrations insufficient to support saltatory conduction, is 

reversible within minutes to hours with removal of the compressive lesion.4,33, Restoration of 

axoplasmic transport and remyelination are processes that take longer to occur and may be 

associated with the continued recovery over weeks to months.9,34,35,36,37 

However, some patients with relatively normal RNFL do not recover normal VA or VF function, 

perhaps due to incomplete remyelination. Experimental chronic compression of the optic nerve in cats 

demonstrated evidence of demyelination within a week and subsequent remyelination, though the 

reconstructed myelin sheaths were thinner than normal, with reduced intranodal distances.38 Even at 

18 months after spinal cord compression, remyelinated fibres exhibited inappropriately thin myelin 

sheaths.38 Hence, although such remyelination may be associated with restored conduction of action 

potentials and recovery of spatial vision it remains unknown whether remyelination is capable of 

restoring the ability of previously demyelinated central fibres to impulse at physiological 

frequencies.36,37 A further possible explanation is that the time frame of our postoperative visit (up to 

6 weeks) was too short to capture recovery and that these patients may show slower recovery of 

visual function because of more severe preoperative visual dysfunction. It has been demonstrated in a 

cat model that the percentage of nerve fibres lost from the retinogeniculate visual pathways 

determined the length of time required for visual recovery. Cats that lost many fibres required a long 

time to recover.36 Alternatively, surgical trauma may result in damage to the axons and influence 

visual recovery, which clearly would have not been detected by the preoperative RNFL measurement. 

Finally, some eyes may have intact RNFL at the retinal level, but damage that had already occurred at 

the level of the chiasm leads to subsequent RGC death, precluding improvement in function.  

One interesting finding in our data was a very modest increase in RNFL thickness after surgery in eyes 

overall, which was of greater magnitude in those with thin RNFL than in normal RNFL eyes. It may be 

that RGC whose axons are injured at the chiasmal area undergo an initial phase of reversible injury 

before axon and cell body loss that involves individual axon thinning.39  After removal of the chiasmal 

lesions, the slight thickening of the RNFL may result from restoration of normal axon diameter in 

these RGCs. If confirmed by future studies, this indicates that we have identified that there is 

anatomic reversible injury that parallels the functional reversibility in chiasmal compression. The 

advent of highly objective measurements of RNFL thickness by OCT instrumentation may provide 

further insights into subtle, reversible changes in RGC axons that have been invisible to clinical 

evaluation in the past.  



 

205 
 

Finally, in this study 15% of our patients had normal VF test results and thin RNFLs. This may be 

analogous to the well-known preperimetric glaucoma. The present study is the first to suggest that 

damage to the anterior visual pathway may occur before identifiable VF loss in patients with 

compressive optic neuropathy (preperimetric compressive optic neuropathy) and requires further 

study to detail the nature of this finding.  

This study has several limitations. Because compression of the anterior visual pathway often impairs 

VA, poor fixation by these patients could impair the reliability of VF testing. However, we used strict 

reliability criteria and excluded unreliable VFs to minimize this effect. Second, there is inherent 

variability in the OCT RNFL measurement, with a broad range of findings among normal persons. In 

part this is due to instrument error and in part to the high variability in the number of RGCs among 

eyes. The reproducibility of Stratus OCT measurements recently has been demonstrated using 

intraclass correlation, with coefficients for standard density scanning of 83% for mean RNFL 

thickness. We performed three good-quality OCT scans at each visit with the average of the three 

being used in the analysis. Third, our study included a variety of chiasmal disorders, with the majority 

having pituitary adenomas. Hence, the findings are particularly applicable to this cohort of patients. In 

addition, some of the improvement in VF after surgery may be attributable to the learning curve. 

Finally, the study involved a comparison of preoperative to postoperative recovery up to 6 weeks, 

whereas visual function is known to continue to improve for months and up to several years. Long-

term follow-up of these patients will provide a greater understanding of the relationship between 

RNFL thickness and final visual outcome.  

In conclusion, RNFL thickness provides a quantitative measure of the amount of viable axonal tissue 

and is a novel preoperative marker that aids in predicting of the degree of visual recovery in patients 

with chiasmal compression after a decompression procedure. The benefit in having such a clinical 

biomarker that is rapid, non-invasive, and convenient to measure is its usefulness in planning of 

management strategies including the timing of surgery, counselling patients on prognosis, and 

potentially monitoring disease progression. Further investigation is warranted to corroborate these 

preliminary findings in larger studies and in wider a range of underlying diseases. 
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13.7 Epilogue 

Since the publication of the study that comprises this chapter, only one other group of investigators 

have evaluated the predictive value of RNFL OCT following surgical intervention for chiasmal 

compression.40 In this study, they limited the patient population to pituitary adenomas while in our 

study we had a heterogeneous group of tumours that produced chiasmal compression. However, 

their results confirmed the prognostic value of RNFL thickness on VF outcome after treatment of 

pituitary adenomas compressing the anterior visual pathway outlined by our study.  Similar to our 

results they found that the predictive value of RNFL is independent of age.  

 

Their analysis provides odds ratio of visual recovery based on RNFL thickness.  These authors 

identified that the odds of complete recovery after three months from the initial VF defect was 

multiplied by 1.29 for each increase by 1 micron of mean RNFL. Their study also concluded that the 

predictive value of RNFL was independent of duration of symptoms.  In our study, we did not record 

duration of symptoms as part of the analysis as this is highly subjective and reliant on individual 

patient recall.  Furthermore, their results suggest that the inferior RNFL was a very strong prognostic 

factor with an odds ratio of 6.31 per micron. No explanation is given to this finding.   

 

Also corroborating our findings, they identified that the initial visual field defect was not an 

independent prognostic factor.  They did identify that age was an independent prognostic factor in a 

multivariate analysis.   Finally, they evaluated the prognostic value of the temporal RNFL and found 

that if the temporal RNFL was less than the 5th percentile it cared a very poor prognostic value.   

 

Further extension of this work should include evaluation of the predictive value of macular thickness, 

as well as considering the long-term predictive value of both RNFL and macular parameters as the 

present study only considered short-term outcome following surgery.  
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Chapter 14 

Differentiation of Non-glaucomatous from 

Glaucomatous Optic Neuropathy with 

Spectral-Domain Optical Coherence 

Tomography and Heidelberg Retinal 
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14.1 Prologue  

 

There is some degree of controversy regarding optic nerve head morphology in compressive optic 

neuropathies. Some investigators have suggested that the neuroretinal rim typically increases in 

pallor but does not characteristically thin nor does the optic cup excavate.  Others claim that the optic 

nerve appearance with compressive lesions may mimic that of glaucoma.   

 

This controversy remains highly relevant because a significant clinical dilemma facing 

ophthalmologists is the differentiation of glaucomatous from non-glaucomatous optic neuropathies - 

given that they both produce slowly progressive visual field loss. Glaucoma, however, 

characteristically produces loss of neuroretinal rim and excavation of the optic cup. Both groups of 

optic neuropathies produce diffuse and or local retinal nerve fibre layer loss.  

 

A number of previous studies have demonstrated that optic disc cupping, one of the characteristic 

hallmarks of glaucomatous optic neuropathy, also develops in some cases of non-glaucomatous optic 

neuropathy, such as compressive optic neuropathy (CON). However, these studies have only used 

fundus photography, with its attendant limitations, to determine the extent of excavation of the optic 

nerve head. 

Another area of controversy is the seemingly different patterns of retinal nerve fibre layer loss. 

Glaucomatous optic neuropathy is known to have predominant loss of RNFL at the poles of the optic 

nerve, superiorly and inferiorly. However, compressive lesions are thought to show more generalized 

loss with a disproportionate degree of loss temporally and nasally. This second area of controversy 

has not been addressed using quantitative optic nerve head technologies. 

The research studies in this chapter address these controversies using spectral-domain OCT as well 

as scanning laser ophthalmoscopy (HRT). 
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14.2 Abstract  

 

Purpose 

 

To compare optic disc topography in eyes with compressive optic neuropathy (CON) and open-

angle glaucoma (OAG) with spectral-domain optical coherence tomography (SD-OCT) and 

Heidelberg Retinal Tomograph (HRT-III), adjusting for the amount of retinal ganglion cell (RGC) 

loss, as measured by mean deviation (MD) visual field sensitivity. 

Design 

Cross-sectional, observational study. 

Participants 

Two hundred eyes from 123 patients with CON (69 eyes), OAG (58 eyes), and controls (73 

eyes). 

Methods 

Univariate and multiviariate analysis of HRT parameters, SD-OCT cRNFL and ONH parameters 

Main Outcome Measures 

Circumpapillary retinal nerve fibre layer thickness (cRNFL), OCT optic nerve head (ONH) 

parameters, HRT parameters 

Results 

The univariate analysis of OCT parameters, demonstrated significant differences between the 

temporal and nasal quadrants, clock hours 3, 4, 8, 9, 10, vertical CD ratio and cup volume 

(p<0.001) between patients with CON and OAG. CON discs were significantly different from 

normal discs for all OCT parameters except cup volume. CON discs were not significantly 

different from normal discs for HRT parameters, except for mean RNFL thickness and cup shape 

measure. OAG discs were significantly different from normal discs in all HRT and OCT 

parameters (p<0.001). Multivariate analysis demonstrated that the OCT 3 o’clock, temporal 

sector, average C:D ratio, vertical CD ratio and cup volume measurements were able to 

differentiate OAG from CON.  
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Conclusion 

CON produces significantly thinner nasal and temporal sectors compared to OAG, while OAG 

produces had larger cups and cup volume with OCT measurements. HRT is not able to 

differentiate CON from normal discs.  
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14.3 Introduction 

 

Optic neuropathies produce changes in the optic nerve head that reflect the underlying etiology. 

However, significant overlap exists between different types of optic nerve injuries.  For 

example, while excavation and enlargement of the optic cup is a pathognomonic feature of 

glaucomatous optic neuropathy, other optic neuropathies, including compressive optic 

neuropathy, have been reported to produce similar morphological 

changes.1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24  

 

Both glaucoma and compressive optic neuropathies are generally slowly progressive processes. 

However, the site of injury is different. In glaucoma, it is at the optic disc while in compressive 

optic neuropathy, it is at the intraorbital or intracranial optic nerve or chiasm. The 

morphological differences in the optic nerve head appearance between these conditions have 

been evaluated primarily using color photographs. ‘Cupping’ or excavation of the optic nerve 

head has been described to occur in compressive optic neuropathy and is often said to 

resemble glaucomatous optic nerve changes, although these findings have been minimally 

documented using objective quantitative measures.  Several authors have highlighted the 

difficulty in distinguishing glaucomatous from compressive optic neuropathy, especially in cases 

of ‘normal pressure glaucoma’.15,16 

 

We extend the analysis between these two groups of optic neuropathies using both confocal 

scanning laser ophthalmoscopy (HRT)-III as well as spectral domain optical coherence 

tomography (SD-OCT) to objectively evaluate the differences in optic nerve head morphology. 
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14.4 Methods 

Patient Selection 

This study adhered to the Declaration of Helsinki and was approved and monitored by the 

institutional review boards of the Northern Regional Ethics Committee. Patients who met the 

entrance criteria for the diagnoses of OAG, compressive optic neuropathy and normal controls 

were enrolled in the study. The criteria by Foster et al was used, including open angles by 

gonioscopy and a specifically defined cup to disc ratio and visual field loss in at least one eye. 

The field loss was defined as glaucoma  if the hemifield test result was outside normal limits and 

three points were abnormal at the 5% level in one hemifield on the pattern deviation plot of a 

Humphrey Field Analyser (HFA2; Carl Zeiss Meditec, Inc.), according to the Swedish Interactive 

Thresholding Algorithm (SITA) Standard 24-2 program.  

All patients with compressive optic neuropathy underwent a complete neuro-ophthalmic 

assessment and had tumours confirmed with magnetic resonance imaging (MRI). Subjects were 

included if they had an HRT of adequate quality, 24-2 visual field test and OCT of the 

peripapillary NFL all within a six week period.  When both eyes of a subject qualified for 

inclusion, data from both eyes were utilized with appropriate statistical adjustment (see below). 

Patients in the compressive optic neuropathy and control groups were excluded if they had an 

intraocular pressure greater than 21 mmHg or a family history of OAG. Both glaucoma patients 

and compressive patients had to meet the following inclusion criteria:  spherical refraction 

within 5.0 dioptres and cylinder correction of 3.0 dioptres, no other significant ocular disease, 

no or minimal lens opacity, no optic disc abnormalities such as tilted disc or peripapillary 

atrophy (PPA), no history of intraocular surgery other than cataract surgery and no systemic 

disease which could affect optic disc configuration such as diabetes mellitus.  

Examination and Testing 

Demographic information was recorded including age, sex, ethnic derivation (Caucasian, Asian, 

or other), and history of cataract surgery. For patients with OAG, the intraocular pressure (IOP) 

prior to starting treatment was included, as was the IOP at the time of recruitment. Subjects 

underwent a complete ocular examination including Snellen visual acuity, Goldmann applanation 

tonometry, gonioscopy, slit lamp examination, and dilated fundus examination. The refractive 

error used was the presenting eyeglass correction. Each enrolled eye also underwent visual field 

testing with the HFA SITA Standard 24-2 algorithm, OCT examination of the peripapillary NFL 

(Fast RNFL scan, Stratus OCT; Carl Zeiss Meditec, Inc.) and scanning laser ophthalmoscopy with 

HRT-3 (Eye Explorer software version 1.5.1.0; Heidelberg Engineering). 

Patients were included if the visual field test result met the reliability criteria and their OCT 

scans were of good quality (signal strength >6 on three consecutive scans). We compared disc 
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area in phakic eyes with the measurements in pseudophakic eyes to evaluate whether refraction 

could affect the results. There was no significant difference between the groups (data not 

shown).  This supports the concept that optical differences did not substantially bias the disc 

diameter measurement.  

Visual Fields 
Visual fields were deemed to be reliable if they met the following criteria: fixation loss less than 

20%, as well as false positive and false-negative error less than 33%). For the control group, a 

normal visual field was defined by Anderson and Patella: no three contiguous points of p<5% 

on the pattern deviation probability plot, no corrected pattern standard deviation of p<5% and 

a normal glaucoma hemifield test result. 25  

 

HRT 
All participants underwent imaging analyses with HRT (software version 3.04, Heidelberg 

Engineering GmbH, Heidelberg, Germany). For each HRT imaging session, three images were 

obtained for each eye by an experienced examiner. After generating a mean topographic 

image, the disc margin was delineated as a contour line by the same observer. The HRT 

software had to be able to analyze the images, and the standard deviation of the three scans 

making up each study had to be <50 mm2.  

 

OCT Imaging 
All participants underwent optical coherence tomography (OCT) measurement of retinal nerve 

fibre layer (RNFL) thickness and optic disc measurements for each eye using the Cirrhus OCT 

(OCT-3, OCT 4.0 software, Carl Zeiss Meditec Inc., Dublin, CA). The fast RNFL thickness scan 

protocol was used to evaluate subjects’ retinal nerve fibre layer.  Good quality scans were 

defined as signal strength 7 or higher (maximum 10), optic disc centering, and uniform 

brightness across the scan circumference. If the participant’s pupils were large enough to 

permit adequate OCT imaging (≥ 5 mm diameter), scanning was completed without the use of 

mydriatic eye drops.  The OCT, visual field, and eye examinations were completed within a 6-

week period in all patients.   

 

Statistical Analysis 

Demographics of the three groups were compared pair-wise using the t-test for comparing age 

and Fisher’s exact test for eye laterality (right, left, both), gender, and ethnicity. Some 

participants enrolled in the study had data from both eyes used in the analyses. Therefore,  
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generalized estimating equations (GEE)15 using a Gaussian distribution were used to compare 

the 3 diagnostic groups with respect to the individual eye parameters. The GEEs account for the 

within-group correlations introduced when some participants contribute data from both eyes.  

 

To compare the differences in HRT parameters among groups, while also controlling for the 

total amount of damage, GEE models were used with the HRT parameter as the dependent 

variable and HFA MD, HRT disc area, and HRT reference plane height as covariates. Separate 

models were created with the following dependent variables: cup area, rim area, cup-disc area 

ratio, cup volume, rim volume, mean cup depth, cup-shape measure, and vertical cup-disc 

ratio. The HFA MD was included as a covariate to control for the total amount of damage in the 

eye and disc area because it is related to other disc measures.25,26 The reference plane height 

was also included because there may be a greater proportionate loss of macular NFL in AION 

compared to OAG.27  

 

The statistical significance for the regression analyses was based on a bonferroni-adjusted 

significance level for the overall comparison among the three diagnosis groups. This adjusted 

significance level was derived from the numbers of parameters compared for each regression 

set. Only when this group effect was nominally significant were pairwise comparisons 

undertaken amongst the three diagnosis groups. . All statistical analyses were performed using 

SPSSv19.  

 

14.5 Results 

 

Comparison of Diagnostic Groups  

There was no difference in the number of men and women between the three groups.  Most 

subjects were European, with no significant difference between the groups. Patients with 

compressive optic neuropathy (49.3 years, SD 17.6) and controls (55.8 years, SD 12.3) had a 

significantly younger mean age than glaucoma patients (69 years.9, SD 11.0) (Table 14.1).The 

intraocular pressure was significantly higher on first presentation for the OAG group(18.9 

mmHg, SD 5.7)  compared to the CON group (14.4 mmHg, SD 2.6)  and controls (17.1 mmHg 

SD 5.7). The visual acuity was significantly worse for both the OAG patients (20/25) and 

compressive patients (20/60) compared to controls (20/20). There were more pseudophakes 

among the patients with OAG than among the other two groups. The disc area was significantly 

smaller in control eyes than in either OAG or compressive optic neuropathy eyes. There was no 

difference in the level of visual field damage based on the MD or PSD between compressive 

optic neuropathy eyes and OAG eyes. Both showed significant depression of visual field 

sensitivity compared to the normal controls.  Similarly, there was no difference in the level of 

retinal ganglion cell damage as assessed by OCT RNFL average thickness between OAG and 
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compressive optic neuropathy groups with both showing significantly thinner RNFL thickness 

than normals. Of the 37 compressive patients, 19 had pituitary tumors, 17 had meningiomas 

and one had a craniopharyngioma. 

 

 

TABLE 14.1. Comparison of Subject Characteristics between Groups  

 

 OAG  

(n= 42) 

CON   

(n= 37) 

Control  

(n= 45) 

P  (OAG vs. 

Control) 

P  (OAG 

vs. 

CON) 

P  (CON  

vs.  

normal) 
 

Age, yr (SD) 69.9 

(11.0) 

49.3 

(17.6) 

55.8 

(12.3) 

<0.001 0.07 <0.001 

Sex, % female 52.4 51.3 51.1 0.79 0.53 0.73 

Acuity, logMAR 

(SE) 

20/25 

(0.04) 

20/60 

(0.1) 

20/20 

(0.01) 

0.004 0.03 0.001 

IOP, mm Hg (SD) 

(On first 

presentation) 

18.9 

(5.7) 

14.4 

(2.6) 

17.1 

(6.8) 

0.18 <0.001 0.04 

Mean Deviation 

(MD) 

-8.17 

(0.81) 

-9.32 

(1.37) 

0.40 

(0.21) 

<0.001 0.47 <0.001 

Pattern Standard 

Deviation 

7.57 

(0.54) 

6.87 

(0.79) 

1.57 

(0.21) 

<0.001 0.35 <0.001 

Disc area, mm2 

(SD) 

2.1 

(0.07) 

2.2 

(0.08) 

1.9 

(0.06) 

0.8 0.66 0.02 

Pseudophakia(%) 27 3.4 6.8 <0.001 <0.001 0.8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

OAG:  Open angle glaucoma 
CON:  Compressive Optic Neuropathy 
SD:  Standard deviation 
SE:  Standard error 
logMAR: Minimum angle of resolution 
IOP:  Intraocular pressure 
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Table 14.2: Univariate Analysis of HRT Imaging Parameters 

 Compressive Glaucoma Normal Group 
Effect 

N vs C N vs G C vs G 

Cup Area 0.57 1.19 0.45 <0.001 0.037 <0.001 <0.001 
  0.05 0.08 0.04     

Rim Area 1.57 1.05 1.46 <0.001 0.154 <0.001 <0.001 
  0.07 0.05 0.04     

Cup 
Volume 

0.1 0.33 0.09 <0.001 0.507 <0.001 <0.001 

  0.01 0.04 0.02     

Rim 
Volume 

0.4 0.22 0.38 <0.001 0.86 <0.001 <0.001 

  0.03 0.02 0.02     

Cup/Disc 
Area 
Ratio 

0.26 0.51 0.22 <0.001 0.059 <0.001 <0.001 

  0.02 0.02 0.02     

Linear 
Cup/Disc 
Ratio 

0.48 0.7 0.44 <0.001 0.197 <0.001 <0.001 

  0.03 0.02 0.02     

Mean Cup 
Depth 

0.18 0.29 0.19 <0.001 0.647 <0.001 <0.001 

  0.01 0.02 0.01     

Max Cup 
Depth 

0.5 0.63 0.54 0.004    

  0.02 0.03 0.03     

Cup 
Shape 
Measure 

-0.16 -0.06 -0.2 <0.001 0.005 <0.001 <0.001 

  0.01 0.01 0.01     

Height 
Variation 
Contour 

0.36 0.37 0.41 0.058    

  0.01 0.02 0.01     

Mean 
RNFL 
Thickness 

0.21 0.17 0.26 <0.001 0.001 <0.001 <0.001 

  0.01 0.01 0.01     

RNFL 
Cross 
Sectional 
Area 

1.11 0.84 1.24 <0.001 0.025 <0.001 0.001 

  0.05 0.05 0.04     

Reference 
Height 

326 351.1 363.1 0.208    

  16.1 18 18.5     

C: Compressive, N: Normal, G: Glaucoma  

Univariate analysis 
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In the univariate analysis of HRT parameters (Table 14.2) using the bonferroni-adjusted 

significance level of 0.0039 for the group effect, there were significant differences for all 

parameters apart from maximum cup depth, height variation contour and reference height. 

There were significant pairwise differences between OAG discs, normal discs and compressive 

optic neuropathies discs for all the significant parameters. However, when CON discs were 

compared to normal discs, there was no difference in the HRT parameter levels except for 

mean RNFL thickness and cup shape measure. 

In the univariate analysis of OCT parameters (Table 14.3 ) using the bonferroni-adjusted 

significance level of 0.0025 for the group effect, there were significant differences for all 

parameters. There was no significant difference in average RNFL thickness between glaucoma 

and compressive patients (p=0.494), and both of these groups had significantly thinner RNFL 

thickness than the control group (p< 0.001). When CON discs were compared to OAG discs, 

significant differences were identified between the temporal and nasal quadrants, clock hours 3, 

4, 8, 9 and 10, the nasal sector and temporal sector, as well as vertical C:D ratio and cup 

volume using the corrected significance level. Patients with compressive optic neuropathy had 

significantly thinner nasal and temporal clock hours and sectors, while OAG patients had larger 

cups, cup volume and thinning of the RNFL, especially inferiorly. There were significant 

differences between OAG discs and normal discs for all parameters except the 3 o’clock hour 

using the corrected significance level of 0.0055.  CON discs were significantly different from 

normal discs for all parameters, except cup volume. Overall, the data demonstrates that there is 

relatively more loss in the temporal and nasal quandrants in CON discs, compared to the 

inferior and nasal sectors in OAG discs, when the data is normalized for the relative amount of 

loss in each condition (Figure 14.1) 
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Table 14.3 Univariate Analysis of OCT Imaging Parameters 

 Compressive Glaucoma Normal N vs C N vs G C vs G 
Average 

RNFL 
67.4                     
(3.3) 

70 
(1.7) 

94.4           
(1.56) 

<0.001 <0.001 0.494 

Oct-01 82.2 82.6 106.6 <0.001 <0.001 0.958 
 6.0 3.6 3.63    

Oct-02 64 77 97.4 <0.001 <0.001 0.033 
 5.6 2.3 2.6    

Oct-03 55 73.6 81 <0.001 0.063 <0.001 
 3.5 2.1 3.4    

Oct-04 45.1 60 66.3 <0.001 0.002 <0.001 
 2.1 1.59 1.38    

Oct-05 55 62.5 79.8 <0.001 <0.001 0.089 
 4.2 1.5 3.9    

Oct-06 78.3 74 102.8 0.001 <0.001 0.526 
 6 3.1 4.1    

Oct-07 99.6 82.5 130.8 <0.001 <0.001 0.021 
 6.1 4.2 4.5    

Oct-08 93.9 70.7 116.2 0.014 <0.001 0.002 
 6.1 3.9 6.3    

Oct-09 46.8 54 68 <0.001 <0.001 0.008 
 2.6 2.3 3    

Oct-10 41.2 53.4 62.5 <0.001 0.019 0.001 
 2.1 2.8 2.8    

Oct-11 64.7 59.9 91.9 <0.001 <0.001 0.193 
 2.7 2.5 3.7    

Oct-12 92.4 82.1 120.7 <0.001 <0.001 0.11 
 5.6 3.2 3.5    

Superior 81.5 81.1 111.5 <0.001 <0.001 0.936 
 5.4 2.4 2.6    

Nasal 49.6 65.3 75 <0.001 <0.001 <0.001 
 2.7 1.4 1.4    

Inferior 89.5 77.2 123.2 <0.001 <0.001 0.03 
 4.7 3.1 2.7    

Temporal 47.4 55.6 67.4 <0.001 <0.001 0.002 
 1.7 2.2 2.1    

Average CD 0.5 0.74 0.46 0.231 <0.001 <0.001 
 0.03 0.01 0.02    

Vert CD 0.6 0.8 0.4 <0.001 <0.001 <0.001 
 0.02 0.01 0.02    

Cup Volume 0.2 0.5 0.1 0.018 <0.001 <0.001 
 0.02 0.05 0.03    

C: Compressive, N: Normal, G: Glaucoma  
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Figure 14.1: Comparison of RNFL thickness of the CON and OAG groups when compared to 
normal according to clock hours 

 

In the comparison between either OAG discs or CON discs to normal discs, the diagnosis was a 

significant predictor of OCT RNFL thickness when controlling for MD (Table 14.4). The 

relationship between MD and mean OCT RNFL thickness for compressive discs and normal discs 

is shown in Figure 14.2. 

 

Table 14.4: Multiple Regression Coefficients for Diagnosis and Visual Field MD with OCT RNFL 
as the Dependent Variable 

 

 Normal/ 

OAG 

Normal/Compressive Compressive/Normal 

Diagnosis 19.3 

(p<0.001) 

24.0 (p<0.001) 3.3 (p=0.320) 

Mean Deviation 0.78 

(p<0.001) 

0.42 (p=0.218) 0.52 (p=0.027) 
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Figure 14.2: The relationship between MD and mean OCT RNFL thickness for CON and OAG 
discs 
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Multivariate Analysis of HRT Parameters 
A multivariate model of HRT parameters accounting for MD as an independent variable to 

adjust for degree of RGC loss was undertaken. Disc area and reference height were also 

included in each model, as they are known to be related to other HRT parameters. OAG eyes 

differed significantly from both compressive optic neuropathy eyes and normal eyes in all HRT 

parameters, having larger cup area, smaller rim area, larger cup/disc ratio, larger cup volume, 

smaller rim volume, and greater cup depth (at the corrected Bonferroni significance level). 

When comparing compressive optic neuropathy discs to normal discs and controlling for RGC 

loss using MD, there was no significant difference between any of the HRT parameters except 

vertical cup:disc volume.  
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TABLE 14.5: Multivariate Models of HRT Parameters with Diagnosis as the Independent 
Variable and Controlling for MD, Disc Area, and Reference Height  
 

 Cup 
Area 

Rim 
Area 

Cup-
Disc 
Area 
Ratio 

Cup 
Volume 

Rim 
Volume 

Mean 
Cup 
Depth 

Cup 
Shape 

Vertical 
Cup-
Disc 
Ratio 

 
OAG (n = 69) vs Compressive (n = 58) 

Diagnosis -0.68* 0.57* -0.28* -0.24* 0.20* -0.11* -0.11* 0.15* 

MD -0.005 0.001 -0.002 -0.001 0.001 0.001 -0.002 -0.004 

Disc Area 0.50 0.03 0.09 0.15 0.026 0.03 0.04 0.07 

Reference Height 

(*10-4) 

1.08 -5.55 0.17 1.60 4.18 3.39 0.63 2.00 

 
Compressive (n = 58) vs Normal (n = 73) 

Diagnosis 0.05 0.06 0.03 0.005 0.01 0.001 0.01 0.17* 

MD -0.001 -0.004 0.000 0.001 0.000 0.001 -0.001 -0.002 

Disc Area 0.22 0.19 0.06 0.05 0.05 0.03 0.02 0.11 

Reference Height 

(*10-4) 

-1.59 0.43 -0.72 1.11 3.80*** 2.80*** -0.42 2.30* 

 
OAG (n = 69) vs Normal (n = 73) 

Diagnosis -0.51* 0.25* -0.21* -0.14 0.12* -0.09* -0.10* -0.24* 

MD -0.02 0.02 -0.007 -0.008 0.005 0.000 -0.004 -0.007 

Disc Area 0.65 0.18 0.14 0.21 -0.009 0.06 0.06 0.11 

Reference Height 

(*10-4) 

-1.59 0.43 -0.72 1.11 3.80 2.80 -0.42 2.30 

 

Data are the regression coefficients for each of the model variables.  

* P <0.0063 the bonferroni-adjusted nominal significance level for comparisons among the diagnosis groups.  

 

 

 

A multivariate model of OCT parameters accounting for age, disc area and MD as independent 

variables and adjusting for degree of RGC loss was undertaken (Table 14.6). OAG eyes and 

CON eyes differed significantly from normals.  When compared, CON and OAG eyes differed 

significantly at the 3 o’clock hour, temporal sector, average C:D ratio, vertical C:D ratio and cup 

volume.  
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Table 14.6: Multivariate Models of OCT parameters with Diagnosis as the Independent Variable and Controlling for Age and Disc Area  

 
 Ave 

RNFL 
OCT 1 OCT 2 OCT 3 OCT 4 OCT 5 OCT 6 OCT 7 OCT 8 OCT 9 OCT 10 OCT 11 OCT 12 Sup Nas Inf Tem Ave 

C:D 
Vert 
C:D 

Cup Vol 

Normal vs OAG 
Diagnosis 0.06* 25.7* 21.1* 8.0 8.0* 18.2* 38.1* 53.9* 54.7* 12.9 6.8 24.8* 41.0* 31.4* 10.4* 51.0* 10.6* -0.25* -0.30* -0.32* 

Age -.002 -0.24 -0.19 -0.05 0.13 -0.08 0.08 0.06 0.19 -0.11 -0.19 -0.18 -0.02 -0.18 0.03 0.05 -0.12 0.00 0.00 -0.003 

Disc Area -0.03 12.7 7.8 3.2 2.1 1.8 9.2 11.1 6.5 1.3 -4.3 -3.2 5.2 7.7 2.4 11.3 -1.8 0.13 0.10 0.33 

Compressive vs Normal 

Diagnosis 0.05* 31.1* 35.1* 25.3* 20.4* 22.5* 20.9 33.9* 22.2 20.7* 19.1* 32.6* 33.2* 35.1* 24.4* 36.5* 19.2* 0.02 -0.19* 0.04 

Age .002 -0.60 
Ψ 

-0.37 -0.07 0.12 0.23 0.18 -0.14 -0.26 -0.11 0.11 -0.08 -0.38 -0.44 0.07 -0.15 -0.03 0.002 0.001 0.001 

Disc Area -0.009 14.0 11.4 6.0 -1.9 2.0 7.2 10.6 7.8 -0.5 -2.0 0.1 14.4 13.2 1.8 7.0 -0.99 0.11 0.12 0.14 

OAG vs Compressive 

Diagnosis -0.002 5.6 17.3 20.2* 11.2 2.5 -8.1 -17.8 -12.6 10.2* 11.1 4.8 -3.0 4.9 13.1 -12.2 8.5 0.25* 0.15* 0.37* 

Age -0.002 -0.25 -0.26 -0.13 0.09 0.30 0.37 0.14 -0.23 -0.15 0.09 0.04 -0.17 -0.20 0.05 0.07 0.00 0.00 0.00 -0.004 

Disc Area -0.025 11.5 7.3 3.0 -0.4 2.1 2.0 3.9 -0.4 0.3 -1.6 -2.9 6.4 8.1 2.2 1.9 -1.7 0.08 0.07 0.18 

Data are the regression coefficients for each of the model variables.  
* P <0.0025 the bonferroni-adjusted nominal significance level for comparisons among the diagnosis groups.
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Receiver operator curves (Table 14.7) for OCT clock hours demonstrates that the Area 

Under the Curve of the OCT 3 o’clock hour has very good sensitivity and specificity for 

discriminating OAG discs from CON discs (Figure 14.3). 

 

 

 

Table 14.7: Receiver operator curves for OCT clock hours 

 

Area Under the Curve 

Test Result 

Variable(s) Area 

Std. 

Errora 

Asymptotic 

Sigb 

Asymptotic 95% 

Confidence Interval 

Lower 

Bound 

Upper 

Bound 

OCT1 .571 .053 .166 .468 .675 

OCT2 .755 .046 .000 .664 .846 

OCT3 .805 .041 .000 .724 .886 

OCT4 .788 .043 .000 .703 .872 

OCT5 .727 .050 .000 .630 .825 

OCT6 .604 .053 .043 .501 .708 

OCT7 .401 .051 .054 .301 .501 

OCT8 .375 .051 .015 .275 .474 

OCT9 .661 .048 .002 .566 .756 

OCT10 .731 .045 .000 .643 .818 

OCT11 .606 .051 .040 .506 .705 

OCT12 .456 .053 .389 .351 .560 

 
The test result variable(s): OCT1, OCT2, OCT3, OCT4, OCT5, OCT6, OCT7, OCT8, OCT9, OCT10, 
OCT11, OCT12 has at least one tie between the positive actual state group and the negative 
actual state group. Statistics may be biased. 
 

a. Under the nonparametric assumption 
b. Null hypothesis: true area=0.5 

 

 

 

 



 

227 
 

Figure 14.3: Receiver-operator curve for the OCT 3 O’clock position 

 

 

When OAG patients were divided into those who presented with IOP <20 mmHg prior 

(n=46) to treatment (‘normal tension glaucoma’) and those who presented with IOP ≥ 

21 mmHg (n=23), no significant difference in the OCT or HRT parameters was 

demonstrated (data not shown). 
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14.6 Discussion 

 

This study provides evidence that there are distinctive patterns of retinal nerve fibre 

layer loss as well as changes in the optic nerve head morphology between OAG and 

CON discs when evaluated objectively with SD-OCT and HRT. While both CON and OAG 

discs show enlargement of the cup and thinning of the RNFL, compressive optic 

neuropathies demonstrate proportionally more thinning nasally and temporally 

compared to OAG, while the inferior RNFL was thinner in OAG eyes, when level of 

visual field sensitivity damage was adjusted for. The OCT 3 o’clock hour had very good 

discriminating power between OAG and CON discs. In terms of cup volume and depth, 

both OAG and CON discs had larger and deeper cups than normal discs. However, the 

cup depth in CON discs was significantly more shallow than in OAG discs. Furthermore, 

while CON discs had larger vertical C:D area ratio compared to normal discs, this was 

significantly less than OAG discs.  

 

Several other investigators have compared the morphology of the optic nerve head 

between OAG and CON.2,4,7,28 Bianchi-Marzoli and colleagues have shown, using 

quantitative measures on fundus photographs, that the median cup:disc area in 

patients with compressive lesions is significantly greater than in age-matched controls.7 

A large retrospective study from China, also using fundus color photography, identified 

that patients with perisellar tumors showed changes in the optic nerve head consisting 

of abnormal rim shape and failure to obey the ISNT rule.28 Our findings support this 

observation, as the only HRT parameter that was significantly different between control 

discs and CON discs was the vertical C:D area ratio.   While investigators have 

documented statistically significant differences between the (C:D ratio) or excavation 

between CON and normal discs, these differences have generally been subtle.  For 

example, Qu et al measured a vertical C:D ratio of  0.47 (± 0.14) compared to normal 

discs (0.44 ± 0.12). Similarly, we identified that the mean vertical C:D ratio was 0.48 

for CON patients compared to 0.44 for controls using the HRT and 0.6 for CON 

compared to 0.4 for controls with the SD-OCT.  

 

Several theories have been postulated to explain the morphological changes of the ONH 

in CON. Qu et al propose that excavation in compressive lesions may occur when the 

trans-lamina cribrosa pressure gradient increases.28 A tumor that occludes the optic 

canal results in collapse of the cerebrospinal fluid space decreasing the CSF pressure 

and consequently increasing the pressure gradient. Other studies have supported the 

potential differences in CSF gradient as a mechanism for excavation of the optic nerve 

head.29,30,31 Histopathological assessment of a patient with ‘optic disc cupping’ that 
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resembled glaucoma demonstrated that cupping was caused by axonal loss, with 

anterograde degeneration, and secondary collapse of glial support tissue resembling 

glaucomatous changes.2 

 

The preferential thinning of the nasal and temporal RNFL with compressive lesions is 

recognised to be an integral part of the pattern of optic atrophy associated classically 

with band atrophy in patients with pure bitemporal hemianopias caused by chiasmal 

lesions as there is preservation of the uncrossed nerve fibres, which originate in the 

temporal hemiretina and are represented primarily at the superior and inferior poles of 

the disc. This pattern of optic atrophy has been well-demonstrated using both time 

domain and spectral domain OCT technology.32,33,34,35 The present work extends these 

findings by not only demonstrating preferentially thinning of these sectors, in particular 

the 3 o’clock hour, but also that it is this area of the peripapillary RNFL that allows 

differentiation from glaucomatous optic nerve changes when adjusted for the same 

level of visual field damage.  

 

This study also corroborates the finding of Nagai-Kusuhara that the HRT has significant 

limitations in evaluating the optic nerve head in compressive optic neuropathies.36,37 In 

their study, eyes with band atrophy secondary to chiasmal compression had smaller cup 

and larger rim parameters than control eyes when measured with HRT, whereas they 

had significantly larger cup and smaller rim parameters than control eyes when 

measured with OCT. HRT measurements tended to be consistently lower in the C:D 

area ratio and cup area and higher in the rim area and rim volume than OCT 

measurements for both control eyes and eyes with band atrophy. The underlying 

reason for this is that the HRT defines the rim and cup through a reference plane 50 

mm below the mean retinal surface that is arbitrarily determined at the temporal sector 

between 350 and 356 degree, which is located on the papillomacular bundle. This 

referencing is based on the assumption that RNFL thickness is stable at this location.38  

However, with compressive optic neuropathies, it is clear from their study as well as 

ours that there is no relative sparing of the papillomacular bundle.36,35,38  This is unlike 

OAG, in which the temporal region of the disc is generally preserved until advanced 

stages of the disease.39  

 

There are several limitations with the present study. Firstly, while this study was able to 

demonstrate clear differences between OAG and CON discs, it also highlights that there 

is significant overlap in the appearance of these two groups of optic neuropathies and 

hence, neither HRT or SD-OCT can be used in isolation to distinguish these two groups. 

However, a pattern of temporal and nasal RNFL thinning is highly suspicious of 
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compressive lesion, in particular when there is preservation of the inferior RNFL.  Our 

study did not correlate tumor size or location with SD-OCT measures or HRT 

parameters nor clinical parameters, as the purpose of the present study was to 

compare the disc morphology, independent of other clinical parameters to determine 

whether any optic nerve or RNFL parameter could alert the clinician to the possibility of 

non-glaucomatous optic neuropathy. Furthermore, our study population was 

predominantly Caucasian and therefore our findings may not be extrapolated to other 

races28. We also did not limit our OAG study population to ‘normal tension glaucoma’, 

which is often considered to resemble non-glaucomatous optic nerve appearance more 

than ‘high pressure’ glaucoma. However, an analysis of the morphology of the optic 

nerve morphology between the patients in our population who would fall in these two 

groups demonstrated no difference in optic nerve morphology with HRT or OCT.  

 

In conclusion, this study demonstrates that there are unique patterns of RNFL loss 

between CON and OAG, and the temporal optic nerve sector, more specifically the 3 

o’clock hour measured by OCT can serve to assist in differentiating these two groups.  
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14.7 Epilogue:  

This study provided results that go towards resolving some of the controversies in the 

comparison between glaucomatous and non-glaucomaotus optic neuropathies.  

 

Using objective quantitative optic nerve imaging devices we demonstrated that when 

compared directly, glaucomatous optic nerve heads show significantly larger and deeper 

cups, with extension superiorly and inferiorly, although there is significant overlap of the 

superior and nasal thinning with non-glaucomatous optic neuropathies. In contrast, non-

glaucomatous optic neuropathies show disproportionate thinning nasally and temporally.  
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15.1 Introduction 

 

This body of work has focused on evaluating the role of new ocular imaging technologies in 

the study and management of non-glaucomatous optic neuropathies.  When research for this 

thesis began, the use of these imaging technologies was limited in clinical ophthalmic 

practice. The HRT was restricted to the evaluation of glaucoma; the OCT to retinal disease, 

and the GDx was still in the early developmental phase.   However, technological advances 

have resulted in expansion of the potential applications of these modalities.   

This inter-related research projects that constitute this thesis have added substantially to the 

body of scientific literature that defines the scope and limitations of these technologies in 

neuro-ophthalmology. Indeed, the work presented in this thesis has made significant 

contributions to understanding the morphological changes of the optic nerve head in non-

glaucomatous optic neuropathies, has shed light on some previously poorly defined and 

controversial aspects of non-glaucomatous optic neuropathies and has provided opportunities 

for the integration of these technologies into neuro-ophthalmic clinical practice.    

This thesis has focussed on two large groups of non-glaucomatous optic neuropathies: 

ischaemic and compressive optic neuropathies which both result in retinal nerve fibre layer 

loss and retinal ganglion cell death.  

Ischaemic optic neuropathies produce sudden loss of vision, initial optic nerve head swelling 

and subsequent optic atrophy. The sub-groups, arteritic and non-arteritic, have distinct 

underlying pathophysiology which we have demonstrated results in unique morphological 

changes of the optic nerve head. Compressive optic neuropathies, on the other hand, 

produce slowly progressive visual loss. There is a period of ‘reversible injury’ where there is 

functional impairment of optic nerve function disproportionate to the loss of retinal ganglion 

cells. This thesis has explored this relationship extensively and quantified parameters of this 

unique physiology.  

Within each chapter of this thesis the key conclusions have already been highlighted in 

respect to the preceding and contemporary literature. Where additional studies have 

complimented the peer-reviewed published record, subsequent to completion and publication 

of my core studies, I have highlighted this literature in an epilogue to each chapter. However, 

in relation to the overall thesis and our current knowledge, the major conclusions that can be 

drawn from my research are considered in the context of the relevant chapters on the 

following pages:   
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15.2 Ischaemic Optic Neuropathy Studies (Chapters 8, 9, 10, 11) 

Objectives 
 

The objectives of these chapters were: 

 

1. To evaluate the appearance of the optic nerve head in patients in the end-stage after 

an episode of AAION and NAION with the Heidelberg Retina Tomograph (HRT).  

(Chapter 8) 

 

2. To  evaluate whether GDx is able to identify structural changes in the optic nerve 

head that correspond to visual field defects in patients who have had an episdoe of 

NAION. (Chapter 9) 

 

3. To quantivatively measure the degree of correlation between RNFL thickness and 

visual field loss in NAION scanning laser polarimetry (GDx). (Chapter 9) 

 

4. To compare optic disc topography performed by HRT in eyes with nonarteritic 

anterior ischemic optic neuropathy (NAION), arteritic anterior ischemic optic 

neuropathy (AAION), and open-angle glaucoma (OAG), adjusting for the amount of 

retinal ganglion cell loss, as measured by retinal nerve fiber layer thickness and 

average visual field loss. (Chapter 10) 

 

5. To evaluate the ability of OCT parameters, both peripapillary retinal nerve fibre layer 

thickness of macular thickness to differentiate eyes with NAION from uninvolved 

eyes. (Chapter 11) 

 

6.  To identify the strength of the relationship between macular and RNFL parameters 

as measured with OCT with visual field sensitivity. (Chapter 11) 

 

Conclusions 

 
1. Eyes affected with AAION showed significant excavation and enlargement of the 

optic cup when compared with contralateral uninvolved eyes as measured with the 

HRT-1. (Chapter 8) 

 

2. GDx is able to both globally and sectorally identify a significant difference in affected 

NAION eyes compared with controls.  (Chapter 9) 
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3. Scanning laser polarimetry was able to identify structural changes of the RNFL 

globally and in the inferior SLP sector with functional loss in NAION. (Chapter 9) 

 

4. The optic nerve head morphology in glaucoma is quantitatively distinct from both 

AAION and NAION after adjustment for degree of injury according to either MD or 

mean RNFL thickness. Glaucomatous optic neuropathy produces larger, deeper cups, 

smaller rims, more cup volume, and less rim volume. (Chapter 10) 

 

5. There are signficant differences in disc topography between NAION and AAION with 

AAION having thinner neuroretinal rim and more excavated cups. (Chapter 10) 

 

6. RNFL thickness was greater at the same MD for both AAION and NAION compared 

with OAG. (Chapter 10)  

 

7. Both macular thickness and RNFL thickness measured with OCT is able to measure 

the extent of damage following an episode of NAION.(Chapter 11) 

 

8. The strongest surrogate marker for the level of damage in NAION was average 

macular thickness and nasal RNFL quandrant thickness. (Chapter 11) 

 

15.3 Compressive Optic Neuropathy Studies (Chapters 12, 13, 14) 

Objectives 

 
The objectives of these chapters were: 

 

1. To investigate the spatial relationship between RNFL thickness measured with OCT 

and visual field sensitivity in chiasmal compression. (Chapter 12) 

 

2. To evaluate whether the structure-function correlation between RNFL thicknesss and 

visual field sensitivity alters with the duration from the surgery. (Chapter 12)  

 

3. To evaluate the pattern of RNFL thinning as measured with OCT in patients with 

parachiasmal lessions following surgical decompression. (Chapter 12)  
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4. To determine whether pre-operative RNFL thickness measured with OCT predicts the 

visual recovery of visual acuity and visual field following chiasmal decompression 

surgery. (Chapter 13) 

Conclusions   

1. Average RNFL thickness correlates strongly with the mean deviation in patients with 

residual visual field defects following surgery for chiasmal compression. (Chapter 12) 

 

2.  The four strongest correlations were between the 8 o’clock OCT position (temporal 

disc), with the temporal hemifield, the superotemporal quadrant, the inferotemporal 

quadrant, and the field sector representing the papillomacular bundle. (Chapter 12) 

 

3. Correlation improved significantly in all sectors with a longer post-operative course. 

(Chapter 12) 

 

4. The nasal and temporal RNFL demonstrated disproportionate thinning compared to 

the superior and temporal RNFL, although the superior and temporal RNFL 

demonstrated significant thinning even in patients with bitemporal visual field loss. 

(Chapter 12) 

 

5. The temporal RNFL sectors show the strongest correlations with visual field 

sensitivity. (Chapter 12) 

 

6. Thinner preoperative RNFL thickness is associated with worse visual acuity and visual 

field outcome. (Chapter 13) 

 

7.  Patients with normal preoperative RNFL had significant improvement in mean VA 

after surgery to within one line of 6/6 whereas patients with thin RNFL did not 

improve. (Chapter 13) 

 

8. Eyes with normal RNFL pre-operatively, but severe visual field defects, showed 

dramatic improvements in visual field. (Chapter 13) 
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15.4 Overall Conclusions 

These observations enhance our understanding of the role that these new technologies play 

in non-glaucomatous optic neuropathies.  When the findings of the individual studies are 

considered together several additional conclusions can be drawn. 

Ischaemic Optic Neuropathies 

1. Quantification of the degree of injury. 

While all three imaging modalities, OCT, HRT, GDx are able to discriminate between eyes that 

have had an episode of AION and control eyes, each modality has its own specific features.    

With OCT, both the RNFL and macular thickness demonstrated strong discriminating powers 

between affected and unaffected eyes. Scanning laser polarimetry demonstrated attenuation 

of the RNFL in the superior and inferior sectors. HRT is able to discriminate eyes that 

experienced AAION from unaffected contralateral eyes, however, the HRT did not 

discriminate between eyes that had an episode of NAION and contralateral univolved eyes.   

The key difference between HRT and both OCT and GDx is that HRT has been primarily 

developed to evaluate optic nerve head morphology, that is, cup enlargement and excavation 

as well as neuroretinal rim thinning.  However, GDx and OCT measure RNFL thickness. 

Glaucomatous optic neuropathy is characterised by enlargement and excavation of the optic 

disc with thinning of the neuroretinal rim. There is associated RNFL thinning as well. 

However, non-glaucomatous optic neuropathy produces variable changes in the optic nerve 

head morphology, consequently, HRT technology has less overall discriminating power in 

these conditions.  

2. Structure-function correlations 

Our work with the GDx in NAION was the first to quantitatively measure the attenuation of 

the RNFL with scanning laser polarimetry technology in a group of patients who had a 

previous episode of NAION. It demonstrates a topographic correlation of optic nerve structure 

with visual field sensitivity, where magnitude of focal RNFL attenuation was related to the 

magnitude of the decreased VF sensitivity.  

The study with the OCT in NAION also demonstrated that thinning of the temporal RNFL 

quadrant of the optic nerve head correlated strongly with decreased visual acuity and  adds 

to this body of literature in that it demonstrates topographic correlation between regions of 

macula thinning with corresponding visual field loss.1 
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Observations from HRT, SLP and OCT assessment of eyes with NAION and AAION show 

robust structure-function correlations. HRT evaluation of RNFL thickness is dependant on the 

position of a reference plane which is in turn relative to the height of the papillomacular 

bundle.  In NAION and AAION, deterioration of these retinal ganglion cell axons often occurs 

early in disease; thus quantification of RNFL thickness with HRT in these conditions, 

particularly in advanced neuropathy, may not be accurate.   

3. Crowded optic disc 

 

A crowded optic nerve head or a ‘disc at risk’ has been postulated as a risk factor in the 

pathogenesis of NAION.  Our studies confirmed this clinical observation that the eyes with 

NAION had small and shallow cups compared with eyes with open-angle glaucoma when 

matched for age and mean deviation.  We also demonstrated that the fellow NAION eye also 

has smaller cup-to-disc ratio than age-matched normal eyes.  

4. Excavation and enlargement of the optic cup (‘cupping’) 

One of the significant areas of controversy in the field of ischaemic optic neuropathy has 

been the issue of whether there are significant differences in the optic nerve head 

morphology in terms of enlargement of the optic cup and thinning of the neuroretinal rim in 

NAION and AAION. However, these observations have been made based on interpretation of 

colour optic disc photographs. 

Confocal scanning laser technology has allowed objective assessment of optic nerve head 

morphology  Initially,  using the HRT- 1, we observed a marginal statistical significance of 

cup-to-disc ratio between NAION and control eyes but not for cup area or cup volume.  This 

study is the first to demonstrate quantitatively an enlargement and excavation of the optic 

cup after an event of AAION, but not NAION. However, eyes affected with AAION showed 

significant excavation and enlargement of the optic cup when compared with contralateral 

uninvolved eyes. All HRT-generated parameters showed changes consistent with increased 

enlargement and excavation of AAION-involved eyes. These changes were not observed in 

eyes that experienced an event of NAION. 

5. Macular thinning in NAION 

Our study correlating the macular and RNFL parameters with OCT demonstrated that there is 

a robust association between visual field sensitivity structural changes in the RNFL as well as 

the macular region. Macula thickness overall showed stronger associations. The significance  
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of this finding is that macula thickness may be an important surrogate in determining the 

extent of injury in nonglaucomatous optic nerve injury. This is not suprising given that unlike 

glaucoma, nonglaucomatous optic neuropathies show greater damage to the papillo-macular 

fibres, resulting in loss of central visual acuity and colour perception. Hence, although the site 

of damage occurs at the optic nerve head, a significant proportion of the axons have their cell 

bodies residing in the macula which comprise 30–40% of total macular thickness along with 

RNFL.   

 

Compressive optic neuropathies 
 

1.  Structure- Function Correlation  

The pattern of RNFL thinning with compressive optic neuropathies corroborates the clinical 

observation of band atrophy- loss of RNFL nasally and temporally.  However, the OCT is able 

to identify that there is significant diffuse thinning superiorly and inferiorly which often is not 

clinically visible. This is intriguing as the superior and inferior optic nerve carry fibres primarily 

from the temporal retina which do not cross in the chiasm.  

 

There are several possible explanations for these observations.  The diffuse loss of RNFL 

reflects that in most cases, although compressive lesions of the chiasm primarily affect the 

crossing fibers, they also affect noncrossing fibers.  The temporal hemiretinal fibers become 

involved when the tumor enlarges and affects the noncrossing fibers.  The lack of visual field 

defects in the presence of thinning of the corresponding RNFL may reflect the limitations of 

white-on-white perimetry to identify early abnormalities in the VF.  Another possible 

explanation for the generalized thinning of the RNFL may be explained by the fact that every 

clock hour of the optic disc receives crossing fibers; even the temporal side of the disc 

receives fibers from the retina between the vertical meridian through the fovea and the disc. 

The upper and lower poles of the optic disc receive a significant number of fibers from the 

retina temporal to the fovea, which are non-crossing fibers, and this is why the loss of fibers 

in these sectors would not be expected to be as dramatic as in the bow-tie region, which 

receives predominantly crossing fibers.  

 

Finally, the structure–function relationship tended to strengthen as time passed after the 

surgical intervention. As the interval from intervention increases, it is likely that the fate of 

the RGC is determined: Either the dysfunctional RGCs recover or they die. The relationship 

between structure and function strengthens as the component of RGCs that are damaged, 

but not dead, decreases. 
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2. Macular parameters in compressive optic neuropathy 

Patients with band atrophy of the optic nerve from chiasmal compression demonstrated 

significant thinning of the retinal volume on the nasal macular area. 

 

2. Predictor of visual outcome 

Pre-operative RNFL is a powerful predictor of post-operative visual recovery in para-chiasmal 

lesions - far more so than visual function, size of tumor or subjective optic nerve head 

appearance. Pyschophysical tests, such as VA or VF, measures defects produced by both 

dead and dysfunctional RGCs, whereas anatomic measurements such as RNFL thickness only 

reflect the axons that have died.  Hence, after surgical decompression of the afferent visual 

pathway there is an opportunity for the dysfunctional RGCs to recover.  

Recovery of vision, both immediate and delayed, after decompression surgery is a well-

established occurrence. Immediate recovery is postulated to result from the removal of 

physiologic conduction block and restoration of signal conduction. Delayed recovery of visual 

function after compression of the optic nerve has been attributed to progressive 

remyelination of previously compressed axons that have undergone demyelination or re-

establishment of vascular supply that potentially is hampered by stretching of the chiasmal 

blood supply by the tumor and consequent improvement of retinal ganglion cell function.  

Patients who have objectively measurable RNFL loss at the time of surgery for chiasmal 

compressive lesions are less likely to have return of VA or VF after surgery.Hence, RNFL 

measurements have increasingly become part of the pre-operative assessment for 

compressive tumors of the anterior visual pathway.  

 

Limitations of the Technologies 

Advances in both hardware and software are occuring with all three imaging modalities, but 

especially optical coherence tomography which is emerging as the most commonly used of 

the three. One common limiting factor for all the modalitis is the ‘floor effect’ which is the 

limitation of the imaging devices to detect severe RGC loss once it occurs to a certain level.  

Measurements than become detection of noise from other structures, such as glial tissue,  

rather than signal from the remaining superior RNFL.  

 

In addition, all the technologies arbitrarily divide the optic nerve into sectors/divisions based 

on anatomical principles, but nevertheless still arbitrarily. Equally important is the fact the the 

technologies were developed for use in glaucoma. Hence, the optic nerve sectors have 
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usually been divided such based on the pathophysiology of glaucomatous optic neuropathy. 

Similarly, static automated perimetry has been developed with a focus on glaucoma.  For 

example, in the structure of the 24-2 visual field only 4 points refer o the temporal field and 

thus only 2 points for the superotemporal and inferotemporal fields. The nasal field is not 

sectorally represented on its own. Therefore, there may not be enough points to detect 

functional loss in such an analysis.  

 

Furthermore, inter-study variation in the detection of statistically significant parameters and 

their correlation with measures of visual function may be due to differences in patient 

demographics, clinical factors, data analysis and mathematical analyses of statistical 

significance and correlation.  In addition there are disparities in investigator-imposed patient 

exclusion criterion and the inherent diversity of separate sample groups may also contribute 

to such inconsistencies.   Further, concurrent evaluation of patient groups with different 

technonlogies and different respective versions thereof, may yet be valuable.   

 

Finally, the rapid pace of upgrades and advances in the instruments has limited the 

accumulation of meaningful, comparable, longitudinal data - as data collected with newer 

versions of the technology are not usually backwardly compatible.  

 

Summary 

Ocular imaging technologies provide us with information in vivo about the optic nerve head 

topography, retinal nerve fibre layer thickness and macular anatomy.  The ability to 

objectively measure the degree of damage directly, rather than indirectly by the amount of VF 

or VA damage, marks a critical juncture in the study of nonglaucomatous optic neuropathies.  

 

This thesis has shown that there is a quantitative relation between structure and function in 

optic neuropathies other than glaucoma. This ability to provide an objective measure of RGC 

loss that is correlated with visual performance is a powerful tool in assessing new therapies 

and interventions and demonstrates the great potential for integrating ocular imaging devices 

into neuro-ophthalmic research and practice.  

 

Future research should further investigate the structure-function relationship of neuro-

ophthalmic conditions and determine whether these technologies may provide us with 

diagnostic and prognostic information to improve patient care.  
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Introduction

Nonarteritic anterior ischaemic optic
neuropathy (NAION) is the most

common nonglaucomatous optic neu-
ropathy in adults over 50 years of
age. It is characterized by sudden
painless loss of vision, optic nerve

head swelling in a small optic nerve
head with a small cup with eventual
optic disc pallor (Doro & Lessell
1985). The acute swelling results in is-
chaemic damage to the retinal gan-
glion cell axons with subsequent
anterograde degeneration and gan-
glion cell death. Visual function
parameters that are impaired include
visual acuity, visual field sensitivity
(VFS) as measured by automated
perimetry and colour vision.

Recently, the optic nerve head
appearance following NAION has
been evaluated using quantitative
imaging modalities such as optical
coherence tomography (OCT; Deleón-
Ortega et al. 2007; Contreras et al.
2007a,b, Hood et al. 2008; Contreras
et al. 2007a,b; Danesh-Meyer et al.
2010; Chan et al. 2009; Alasil et al.
2008), scanning laser polarimetry
(GDx; Danesh-Meyer et al. 2006) and
Heidelberg Retinal Tomography
(HRT; Danesh-Meyer et al. 2010,
2005). Studies have demonstrated a
moderate-to-strong correlation between
peripapillary retinal nerve fibre layer
(RNFL) loss and corresponding loss
of visual field sensitivities defects as
measured with automated perimetry
(Contreras et al. 2007a,b; Deleón-
Ortega et al. 2007; Hood et al. 2008).
However, given that the visual loss in
NAION more commonly involves
central fixation, it is reasonable to
hypothesize that measurements of
macular thickness (MT) may provide
a sensitive scanning region for
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ABSTRACT.

Purpose: To investigate the ability of optical coherence tomography (OCT)

parameters of macular thickness (MT) and peripapillary retinal nerve fibre layer

(RNFL) thickness to differentiate eyes with nonarteritic anterior ischaemic optic

neuropathy (NAION) from uninvolved eyes and to identify the relationship

between macular and RNFL parameters and visual field sensitivity (VFS).

Methods: Thirty patients with unilateral NAION participated in a prospective

observational cross-sectional study. Patients underwent Humphrey visual field

(SITA Standard 24-2, HVF) testing and OCT to measure MT and RNFL.

The contralateral uninvolved eye was used as controls. Areas under the recei-

ver operating characteristic curves (AUROCs) of MT and RNFL for discrimi-

nating NAION from control eyes were also determined. The prespecified

outcome measure was the correlation between RNFL, MT and mean deviation

(MD).

Results: Average RNFL and MT were thinner in NAION eyes: 72.8 lm ver-

sus 98.9 lm (p < 0.0001) and 231.9 lm (SD, 21.4) vs. 251.1 lm (SD, 14.8;

p = 0.0001), respectively. The largest AUROCs were for average MT (0.87)

and average RNFL thickness (0.88). Overall, macular parameters showed

stronger correlation with VFS than RNFL parameters. The highest correlation

was average MT (0.71; p < 0.0001) followed by RNFL parameter nasal

quadrant RNFL (0.40; p = 0.030).

Conclusion: Both MT and RNFL show strong correlations with level of VFS

in NAION. Macular thickness showed more robust correlations with VF and

provides strong surrogate marker of the level of damage in NAION.
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nonglaucomatous optic neuropathies
such as NAION. Furthermore, up to
40% of the thickness in the macular
area is occupied by the ganglion cell
layer. Hence, diseases that primarily
affect central fixation may show stron-
ger association between the degree of
loss of visual sensitivity and MT.

The purpose of this study is to
investigate the ability of OCT MT
measurements and peripapillary NFL
thickness to differentiate eyes with
NAION from uninvolved eyes and to
identify the relationship between these
parameters and severity of VF defects.
We hypothesize that MT correlates
strongly with VFS in NAION and
that macular assessment may provide
a valuable surrogate in evaluating
NAION structural change.

Methods

Design

This was an observational prospective
cross-sectional study. Participants
were recruited from the Department
of Ophthalmology, University of
Auckland, and the Neuro-ophthalmol-
ogy Service at Wills Eye Institute Phil-
adelphia, Pennsylvania. Approval
from the Institutional Review Board
Ethics Committee was obtained for
the study. The study followed the
principles of the Declaration of Hel-
sinki, and informed consent was
obtained from all participants.

All participants underwent a com-
prehensive neuro-ophthalmic examina-
tion, which included measurements of
Snellen visual acuity, Goldmann ap-
planation tonometry and stereoscopic
fundus examination. Automated visual
field (VF) testing was performed with
the Humphrey Visual Field Analyzer
II (HFA-II) instrument (24-2 pro-
gram; SITA Standard; Zeiss Meditec,
Dublin, CA, USA). Retinal and MT
were measured with OCT (stratus oct;

Carl Zeiss Meditec) fast RNFL scan
and fast MT scan. Patient’s eyes were
divided into two groups: those
affected with NAION (involved eyes)
and their normal uninvolved contra-
lateral eyes serving as the control
group.

Diagnosis of NAION

The diagnosis of NAION was made
on the basis of complete ophthalmo-

logic evaluation performed by one of
the senior authors (HDM and PJS).
This evaluation revealed typical signs
and symptoms of NAION and exclu-
sion of arteritic anterior ischaemic
optic neuropathy on the basis of clini-
cal grounds, laboratory findings and
temporal artery biopsy when indi-
cated. All patients who were recruited
into the study had resolution of the
disc oedema within 8 weeks and fol-
lowed a clinical course consistent with
NAION. Visual field tests and OCT
were performed for a minimum of
6 months after the acute event.

Exclusion criteria

Patients were excluded if their refrac-
tive error was outside )6D to +3D
or if they had greater than 3D of
astigmatism. Patients were also
excluded if they had media opacities
that would preclude OCT scanning,
glaucoma, coexistence of ophthalmic
or neurologic disease, or other retinal
pathology, or if they had undergone
previous ophthalmic surgery (other
than uneventful cataract extraction).
Patients were also excluded if the con-
tralateral visual field was abnormal.

Visual field testing

A reliable VF test was defined as one
with fewer than 33% fixation losses,
false positive responses or false nega-
tive responses. We utilized a modifica-
tion of the classification criteria
outlined by Deleón-Ortega et al.
(2007). The following definitions for
visual field defects were used:

• Diffuse defect – A defect present in
both superior and inferior hemi-fields
with each hemi-field having ‡14 points
on a total deviation plot (i.e. more
than half of the total 26 points in the
hemi-field of the 24-2 field) outside of
95% confidence interval and mean
deviation (MD) in the less affected
hemi-field being at least a half or
more of the MD in the more affected
hemi-field
• Inferior altitudinal defect – Inferior
hemi-field with ‡18 points on a total
deviation plot outside of 95% confi-
dence interval and depth of the defect
in the superior hemi-field (i.e. its MD
in that hemi-field) being less than a
half of the depth of the defect in the
inferior hemi-field (no restriction on

the number of points outside of the
95% confidence interval in the supe-
rior hemi-field).
• Superior altitudinal defect – Supe-
rior hemi-field with ‡18 points on a
total deviation plot outside of 95%
confidence interval and depth of the
defect in the inferior hemi-field (i.e. its
MD in that hemi-field) being less than
a half of the depth of the defect in the
superior hemi-field (no restriction on
the number of points outside of the
95% confidence interval in the inferior
hemi-field).

Optical coherence tomography scanning

The basic principles of OCT have
been described elsewhere (Schuman
et al. 1996). Subjects underwent ocular
imaging with dilated pupils. RNFL
thickness and MT scans were obtained
during the same visit. High-quality
scans only were included and had to
have focused images with signal
strength of seven or more, circular
ring of the scan was centred around
the optic disc for RNFL measure-
ment, and radial scans had to be cen-
tred on the fovea.

The fast RNFL algorithm was used
to obtain RNFL thickness for the cir-
cumference around the optic disc, in
the mean of three scans at a diameter
of 3.4 mm around the optic disc. In
right eyes, 3 o’clock was defined as
nasal; 6 o’clock, as inferior; 9 o’clock,
as temporal; and 12 o’clock, as supe-
rior side of the disc.

Retinal nerve fibre layer thickness
parameters automatically calculated
by existing stratus oct software (ver-
sion 4.0.1) and evaluated were average
thickness (360-degree measure), four
90� quadrants (superior [11, 12 and 1
o’clock segments], nasal [2, 3 and 4
o’clock segments], inferior [5, 6 and 7
o’clock segments] and temporal [8, 9
and 10 o’clock segments]) and each
individual clock hour. RNFL thick-
ness was also subdivided into superior
(9–3 o’clock inclusively) and inferior
(3–9 o’clock inclusively) hemi-discs.

Optical coherence tomography mea-
surements of the macula were gener-
ated using the fast MT protocol with
six 6-mm linear scans in a spoke-like
radial configuration with each line
being 30 degrees apart. Macular thick-
ness parameters were automatically
calculated by the stratus oct software
(version 4.0.1).
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Statistical analysis

Descriptive statistics included mean
values, standard deviation for nor-
mally distributed variables and med-
ian, first quartile, and third quartile
for non-normally distributed vari-
ables. Shapiro–Wilk statistics showed
that most of the parameters were not
normally distributed around the mean.
Hence, we used median and inter-
quartile range to describe OCT and
VF parameters in the study groups.
However, the distribution for differ-
ences within individual parameters
tended to be normally distributed.
Macular parameters and RNFL thick-
ness values of eyes with NAION and
contralateral normal uninvolved con-
trols were compared using Student’s t-
tests. Student’s t-tests were used for
comparison of data within each indi-
vidual VF defect group; however,
when parameters between those
groups were compared, general linear
modelling was used. Significant main
effects were further explored by the
method of Tukey. Spearman’s rank
correlation coefficient (r) was used to
evaluate the relationship between
RNFL and MT parameters and sever-
ity of VF loss as measured by the
total MD. p-Value of 0.05 was consid-
ered statistically significant. A critical
value adjusted for multiple compari-
sons (Bonferroni) is provided. Statisti-
cal analyses were performed using spss

v.13.0 (SPSS Inc., Chicago, IL, USA).
Receiver operating characteristic

(ROC) curves were used to describe
the ability of stratus oct parameters
to discriminate NAION from their
normal contralateral eyes. The area
under the receiver operating character-
istic curves (AUROCs) was calculated
to evaluate the sensitivity and specific-
ity of each scanning region in distin-
guishing between normal and NAION
eyes. Obuchowski’s method was used
to compare AUROCs between scan-
ning parameters.

Results

Thirty patients met the entrance crite-
ria for NAION. Average age of study
participants was 61.4 years (SD, 9.2);
14 (47%) were male and 16 (53%)
were female. Average time from the
documented optic nerve swelling was
11.7 months (SD, 2.7). NAION eyes
as a group had significantly worse

visual acuity (20 ⁄60; range, 20 ⁄ 20–
20 ⁄ 200) compared with the uninvolved
control eyes (20 ⁄ 20; range, 20 ⁄ 20–
20 ⁄ 40; p = 0.0004) and MD
()15.5 ± 9.3 dB vs. )1.3 ± 1.7, p <
0.0001) compared with control eyes.
Average RNFL was significantly thin-
ner in the NAION eyes (72.8 lm; SD,
23.5) compared with their unaffected
counterparts (98.9 lm; SD, 9.7; p <
0.0001). In addition, NAION eyes
were shown to have maculae that were
thinner – 231.9 lm (SD, 21.4) vs.
251.1 lm (SD, 14.8; p = 0.0001) –
and smaller in volume – 6.2 lm3 (SD,
0.6) vs. 6.6 lm3 (SD, 0.3; p = 0.0006)
– than those of uninvolved eyes.

Of the 30 NAION eyes, 13 were
classified with inferior altitudinal
defects; 12, with superior altitudinal
defects; 4, with diffuse; and one, with
other. Given the few numbers in the
diffuse and other group, only the data
from those with inferior and superior
altitudinal defects were subanalysed.

Table 1 shows visual function
parameters, RNFL measures and MT
measurements for all eyes with NA-

ION and contralateral uninvolved
control eyes. Areas under the ROC
curves are similar between RNFL
(0.77–0.88) and macula values (0.72–
0.87). Total macular thickness (0.87)
and average RNFL thickness (0.88)
had the largest areas under the AU-
ROC curves.

The group with inferior VF defect
is analysed in Table 2. The superior
quadrant (76.5 lm, p = 0.0106) and
superior hemi-disc (66.9 lm,
p = 0.0032) showed significant thin-
ning in the RNFL. The superior and
temporal quadrants for macular thick-
ness and the superior quadrant for
macular volume were statistically dif-
ferent between involved and unin-
volved eyes. The AUROC was equally
robust for superior RNFL thickness
(0.88) and superior macular thickness
(0.88). The eyes with the worse VA
have thinner macular thickness in
temporal quadrant compared with
uninvolved eyes.

In eyes with superior VF defects
(Table 3), the inferior quadrant and
inferior hemi-disc of the RNFL were

Table 1. Mean values of optical coherence tomography macular thickness parameters (in lm)

with AUROC.

Involved eyes

N = 30

Uninvolved eyes

N = 30 p-value AUROC (SE)

VA 20 ⁄ 60 20 ⁄ 20 0.0004 0.93 (0.04)

Visual fields

MD (global) )15.5 (9.3) )1.3 (1.7) <0.0001 0.96 (0.03)

Superior Hemi-field )10.7 (10.3) )1.3 (2.3) <0.0001 0.82 (0.06)

Inferior Hemi-field 17.6 (9.8) )1.3 (1.6) <0.0001 0.96 (0.03)

PSD (global) 9.2 (4.1) 1.8 (1.7) <0.0001 0.97 (0.02)

Average RNFL thickness (lm) 72.8 (23.5) 98.9 (9.7) <0.0001 0.86 (0.05)

Superior quadrant 79.4 (32.9) 119.3 (17.4) <0.0001 0.85 (0.05)

Nasal quadrant 62.5 (19.8) 80.0 (16.3) 0.003 0.77 (0.06)

Inferior quadrant 98.1 (36.6) 125.4 (17.3) 0.002 0.78 (0.06)

Temporal quadrant 57.8 (25.3) 70.9 (17.3) 0.05 0.76 (0.07)

Superior Hemi-disc 75.8 (31.4) 119.3 (17.4) <0.0001 0.88 (0.05)

Inferior Hemi-disc 96.2 (36.1) 125.4 (17.3) 0.001 0.79 (0.06)

Total average macular thickness (lm) 231.9 (21.4) 251.1 (14.8) 0.0001 0.87 (0.07)

Superior quadrant 231.1 (23.3) 254.2 (15.6) <0.0001 0.82 (0.07)

Nasal quadrant 241.4 (24.6) 262.7 (16.5) 0.0004 0.77 (0.07)

Inferior quadrant 231.5 (22.7) 248.6 (14.5) 0.0011 0.69 (0.08)

Temporal quadrant 223.6 (19.6) 239.1 (14.9) 0.0004 0.72 (0.08)

Inner macula 246.4 (25.6) 268.7 (18.7) 0.0001 0.76 (0.07)

Outer macula 217.4 (18.6) 233.5 (11.6) 0.0003 0.77 (0.07)

Total macular volume (lm3) 6.2 (0.6) 6.6 (0.3) 0.0006 0.75 (0.08)

Superior quadrant 1.5 (0.16) 1.7 (0.11) 0.0002 0.80 (0.07)

Nasal quadrant 1.6 (0.18) 1.8 (0.10) 0.003 0.76 (0.08)

Inferior quadrant 1.5 (0.13) 1.6 (0.08) 0.005 0.67 (0.09)

Temporal quadrant 1.5 (0.12) 1.6 (0.08) 0.004 0.68 (0.09)

Inner macula 1.6 (0.16) 1.7 (0.11) 0.0006 0.76 (0.08)

Outer macula 4.6 (0.42) 4.9 (0.25) 0.001 0.75 (0.08)

MD, mean deviation; PSD, pattern standard deviation; AUROC, areas under the receiver oper-

ating characteristic curve.

p-values in bold meet statistical significance with Bonferroni correction (p < 0.002). SD values

are given in parenthesis.

Acta Ophthalmologica 2012

e465



significantly different (inferior quad-
rant: 84.2 lm in involved eyes and
114 lm in uninvolved eyes, p = 0.002;
AURIC, 0.88). Of the macular values,
the total macular volume demonstrated
an AUROC of 0.99, and the sector
parameters of the temporal quadrant
were significantly different between
involved and uninvolved eyes.

Eyes with NAION were analysed
for correlations between RNFL thick-
ness and visual field parameters. Reti-
nal nerve fibre layer thickness in
superonasal clock hours of the disc (1,
2 and 3) correlated with MD in in-
ferotemporal quadrant of the visual
field (R = 0.39–0.49, p < 0.018) and
inferior hemi-field. Retinal nerve fibre
layer in inferior clock hours of the
disc correlated with superonasal, su-
perotemporal quadrants of the visual
field as well as with superior hemi-
field. Retinal nerve fibre layer thick-
ness in superior and inferior hemi-
discs correlated with inferior and
superior sectors of the visual field
respectively (R = 0.38–0.5; p < 0.007).

The strongest correlations were
between the temporal 8 o’clock hour
and the superonasal and superior
hemi-field (R = 0.60; p = 0.0006),
the inferotemporal visual field and the
superior hemi-disc (R = 0.58; p =
0.0009) and the nasal quadrant
(R = 0.55; p = 0.002), and the inferior
hemi-disc and the superior visual field
quadrant (R = 0.51; p = 0.0045).

Both average macular thickness and
total macular volume showed strong
correlations with multiple visual field
parameters. Overall, the correlations
of macular thickness parameters with
MD were stronger than those of the
corresponding RNFL parameters. The
strongest correlations were between
MD and total macular volume
(R = 0.67; p = 0.0004), nasal macu-
lar volume (R = 0.67; p = 0.0005),
superonasal MD and total macular
thickness (R = 0.65; p = 0.0006),
and total MD and inner macular
thickness (R = 0.63; p = 0.0009).

Table 4 shows the associations
between macular thickness and RNFL

parameters with VFS. The highest
correlation was observed for average
macula thickness (0.71; p < 0.0001).
However, statistical significance was
found for most macular parameters.
The highest RNFL correlations were
for nasal quadrant RNFL thickness
(0.40; p = 0.030).

Discussion

This study demonstrates that there is
a robust association between VFS as
determined by automated perimetry
and structural changes in macular
thickness and peripapillary RNFL as
measured by OCT in eyes that have
had an episode of NAION. We report
that macula thickness is strongly asso-
ciated with VFS in patients with NA-
ION. The significance of this finding
is that macula thickness may be an
important surrogate for determining
the extent of injury in nonglaucoma-
tous optic nerve injury.

Histologic studies of eyes with NA-
ION have demonstrated significant
damage to optic nerve axons (Tesser
et al. 2003). However, given that his-
tologic studies are rare in eyes with
NAION, recent imaging technologies
such as OCT have been employed to
provide information about changes
that occur in the optic nerve and mac-
ula following injury and to help us
elucidate the pathophysiology of this
condition (Bellusci et al. 2008). The
observation from the present study is
that macular thickness and volume
correlate strongly with overall MD.
Furthermore, there is a structure–
function correlation between macular
measurements and the type of visual
field defect. In patients with inferior
VF defects, the total macula thickness,
superior macula thickness and tempo-
ral thickness were thinner compared
with those of controls.

Unlike glaucoma, nonglaucomatous
optic neuropathies show greater dam-
age to the papilla-macular fibres,
resulting in loss of central visual acu-
ity and colour perception. Hence,
although the site of damage occurs at
the optic nerve head, a significant pro-
portion of the axons have their cell
bodies residing in the macula (and
comprise 30–40% of total macular
thickness along with RNFL), which
are arranged in layers of four to six
cells within the macula, as opposed to
a single layer in other areas of retina.

Table 2. Comparison of visual field and OCT parameters between involved and uninvolved eyes

with INFERIOR visual field defect.

Involved eye Uninvolved eyes p-value AUROC

VA 20 ⁄ 50 20 ⁄ 20 0.07 0.88 (0.08)

Visual fields

MD (global) )12.9 (5.2) )0.1 (1.7) <0.000 0.99 (0.01)

Superior Hemi-field )3.4 (3.5) p < 0.0001 )0.1 (1.9) p = 0.56 0.043 0.99 (0.01)

Inferior Hemi-field )20.3 (6.5) )0.2 (1.5) <0.000 0.99 (0.01)

PSD (global) 12.8 (1.4) 1.5 (0.3) <0.000 0.99 (0.01)

Average RNFL thickness (lm) 73.6 (20.7) 97.2 (9.7) 0.001 0.81 (0.12)

Superior quadrant 76.5 (36.8) 115.4 (20.6) 0.01 0.78 (0.11)

Nasal quadrant 65.9 (20.1) 81.1 (18.2) 0.06 0.75 (0.12)

Inferior quadrant 114.2 (22.8) 125.9 (10.3) 0.22 0.65 (0.13)

Temporal quadrant 57.1 (21.7) 66.5 (15.0) 0.324 0.65 (0.13)

Superior Hemi-disc 66.9 (30.7) 115.4 (20.6) 0.003 0.88 (0.08)

Inferior Hemi-disc 108.9 (24.5) 125.9 (10.3) 0.112 0.71 (0.13)

Total average macular

thickness (lm)

235.7 (21.7) 250.9 (13.3) 0.028 0.72 (0.14)

Superior quadrant 227.5 (22.1) 253.8 (11.5) 0.006 0.88 (0.01)

Nasal quadrant 246.3 (24.4) 262.6 (16.1) 0.072 0.71 (0.13)

Inferior quadrant 240.6 (23.9) 247.6 (13.1) 0.260 0.52 (0.15)

Temporal quadrant 228.4 (21.0) 239.7 (13.0) 0.033 0.68 (0.14)

Inner macula 252.6 (26.9) 269.0 (17.9) 0.033 0.66 (0.14)

Outer macula 218.9 (18.2) 232.8 (9.7) 0.031 0.73 (0.14)

Total macular volume (lm3) 6.2 (0.5) 6.5 (0.3) 0.07 0.67 (0.14)

Superior quadrant 1.5 (0.15) 1.6 (0.09) 0.021 0.77 (0.12)

Nasal quadrant 1.7 (0.17) 1.7 (0.11) 0.20 0.59 (0.15)

Inferior quadrant 1.6 (0.12) 1.6 (0.06) 0.561 0.52 (0.15)

Temporal quadrant 1.5 (0.13) 1.6 (0.07) 0.114 0.63 (0.16)

Inner macula 1.6 (0.17) 1.7 (0.10) 0.094 0.57 (0.15)

Outer macula 4.7 (0.39) 4.9 (0.24) 0.076 0.66 (0.14)

RNFL, retinal nerve fibre layer thickness; MD, mean deviation; OCT, optical coherence tomog-

raphy; PSD, pattern standard deviation; AUROC, areas under the receiver operating character-

istic curve.

p-values in bold meet statistical significance with Bonferroni correction (p < 0.002). SD values

are given in parenthesis.
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Hence, their loss contributes to signifi-
cant macular thinning and loss of vol-
ume.

Macular thickness and volume
have been well investigated in glauco-
matous eyes. However, the measure-
ments have not been shown to have
any better predictive value nearly as
accurate a diagnostic parameter as
RNFL (Greenfield et al. 2003; Leung
et al. 2005; Tan et al. 2008). One sug-
gested reason may be that total mac-
ular thickness was assessed, rather
than that of the RGC layer, thus
decreasing the specificity of macular
thickness for glaucoma diagnosis.
Studies that measure the inner retinal
complex (macular RNFL, ganglion
cells, and inner plexiform and inner
nuclear layers) showed reliabilities
similar to that of RNFL thickness
evaluation (Greenfield et al. 2003;
Guedes et al. 2003; Leung et al. 2005;
Werner et al. 2006; Tan et al. 2008).
The majority of the studies conclude
that for glaucoma, AUROC values

for RNFL were comparable to mac-
ula thickness.

In our study, total thickness and
volume of the macula correlated
strongly with loss of visual field sensi-
tivities. While the cell bodies, axons
and dendrites reside in the inner gan-
glion layers, it may be that the outer
retina is also affected in NAION. It
has been shown recently that in
human glaucomatous eyes, there is a
significant reduction in neuron densi-
ties in inner nuclear and outer nuclear
layers of the retina in regions with the
greatest loss of RGCs, thus implicat-
ing a loss of photoreceptors subse-
quent or concurrent with RGCs’
death (Stacey et al. 2008). This may
also hold true for eyes with NAION
and contribute to macular thinning
and loss of volume as seen on OCT
scans.

Macular parameters have been
investigated in other nonglaucomatous
optic neuropathies. OCT was used to
measure macular volumes and RNFL

thickness in multiple sclerosis.
Reduced macular volumes and peri-
papillary RNFL thinning were
observed after an episode of optic
neuritis (Chan 2011; Serbecic et al.
2010; Burkholder et al. 2009). Patients
with band atrophy of the optic nerve
from chiasmal compression also had
their macular thickness parameters
studied. These patients showed signifi-
cant thinning of the retinal thickness
on the nasal macular area. Patients
with dominant optic atrophy have
also been shown to have thinning of
the macular thickness (Milea et al.
2010). This area was found to be asso-
ciated with the severity of visual field
damage (Kusuhara et al. 2006; Moura
et al. 2007). In a letter to the Editor,

Table 3. Comparison of visual field and OCT parameters between involved and uninvolved eyes

with PREDOMINANTLY SUPERIOR type of visual field defect.

Involved eye Uninvolved eyes p-value AUROC

VA 20 ⁄ 40 20 ⁄ 25 0.16 0.84 (0.16)

Visual fields

MD (global) )9.0 (8.2) )3.1 (1.7) 0.304 0.69 (0.22)

Superior Hemi-field )13.5 (12.8) p = 0.13 )4.1 (2.8) p = 0.24 0.29 0.69 (0.22)

Inferior Hemi-field )4.6 (4.3) )2.7 91.5) 0.55 0.63 (0.22)

PSD (global) 7.2 (3.9) 3.6 (3.7) 0.393 0.81 (0.18)

Average RNFL

thickness (lm)

79.9 (15.5) 95.1 (9.15) 0.048 0.81 (0.18)

Superior quadrant 105.7 (21.5) 111.9 (13.3) 0.708 0.56 (0.22)

Nasal quadrant 77.2 (15.2) 70.5 (11.9) 0.123 0.72 (0.19)

Inferior quadrant 84.2 (22.9) 114 (20.6) 0.002 0.88 (0.14)

Temporal quadrant 51.7 (13.9) 84.2 (30.8) 0.073 0.84 (0.15)

Superior Hemi-disc 105.7 (21.5) 111.9 (13.3) 0.708 0.56 (0.22)

Inferior Hemi-disc 84.7 (23.6) 114 (20.6) 0.002 0.88 (0.14)

Total average macular

thickness (lm)

230 (11.08) 251.5 (24.90) 0.138 0.78 (0.22)

Superior quadrant 234.2 (10.25) 253.2 (21.70) 0.27 0.89 (0.15)

Nasal quadrant 241.7 (14.01) 260.3 (24.83) 0.163 0.79 (0.22)

Inferior quadrant 223.7 (13.71) 250.7 (29.69) 0.103 0.78 (0.22)

Temporal quadrant 220.5 (9.17) 241.8 (26.8) 0.177 0.78 (0.22)

Inner macula 243.7 (18.17) 270.1 (28.85) 0.082 0.78 (0.22)

Outer macula 216.3 (4.73) 232.9 (21.28) 0.257 0.67 (0.27)

Total macular volume (lm3) 6.2 (0.15) 7.0 (0.04) 0.065 0.99 (0.5)

Superior quadrant 1.6 (0.09) 1.8 (0.05) 0.301 0.99 (0.5)

Nasal quadrant 1.6 (0.01) 1.8 (0.05) 0.141 0.99 (0.5)

Inferior quadrant 1.5 (0.02) 1.8 (0.12) 0.188 0.99 (0.5)

Temporal quadrant 1.5 (0.03) 1.7 (0.01) 0.04 0.99 (0.5)

Inner macula 1.6 (0.04) 1.8 (0.03) 0.155 0.99 (0.5)

Outer macula 4.6 (0.11) 5.2 (0.07) 0.032 0.99 (0.5)

RNFL, retinal nerve fibre layer thickness; MD, mean deviation; OCT, optical coherence tomog-

raphy; PSD, pattern standard deviation; AUROC, areas under the receiver operating character-

istic curve.

p-values in bold meet statistical significance with Bonferroni correction (p < 0.002). SD values

are given in parenthesis.

Table 4. Spearman’s rank correlation coeffi-

cients between Macular and RNFL thickness

parameters and mean defect of visual field.

MD (global)

Macular thickness parameters

Average MT 0.710

p < 0.001

MT Avg inner 0.635

p = 0.001

MT Avg outer 0.668

p < 0.001

Fovea 0.419

p = 0.04

Superior inner 0.626

p = 0.001

Nasal inner 0.627

p = 0.001

Inferior inner 0.567

p = 0.004

Temporal inner 0.682

p < 0.001

Superior outer 0.516

p = 0.001

Nasal outer 0.606

p = 0.002

Inferior outer 0.620

p = 0.001

Temporal outer 0.568

p = 0.004

RNFL thickness parameters

Average RNFL thickness 0.404

p = 0.030

Superior quadrant 0.324

p = 0.086

Nasal quadrant 0.472

p = 0.010

Inferior quadrant 0.378

p = 0.043

Temporal quadrant 0.0875

p = 0.652

MT, macular thickness; RNFL, retinal nerve

fibre layer thickness; MD, mean deviation.

Statistically significant correlations are shaded

grey.
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Fernandez-Beunaga et al. share their
findings of macular thickness in
patients with ischaemic optic neuropa-
thy. The authors show a correlation
between nasal macular thickness and
visual acuity. Our study extends this
interesting finding and evaluates the
relationship with visual field (Fernan-
dez-Buenaga et al. 2009).

The results of the present study cor-
roborate the findings of other investi-
gators in demonstrating that RNFL
loss underlies the optic disc damage
seen clinically in NAION eyes (Schu-
man et al. 1996; Deleón-Ortega et al.
2007). The average RNFL thickness
and the RNLF thickness in quadrants
corresponding to the affected hemi-
fields were lower in NAION eyes than
in the uninvolved control eyes. How-
ever, neither RNFL nor macular
thickness was reduced in the sectors
corresponding to the uninvolved
visual field hemi-field. Deleón-Ortega
et al. (2007) found thinning of the
RNFL in the optic nerve head hemi-
disc corresponding to the visual field
hemi-field, which did not show any
loss of VFS. This may be due to both
the severity of injury and the control
group, which in the Deleón-Ortega
et al.’s study was normal eyes rather
than the uninvolved contralateral eye.
As patients with NAION tend to have
different optic nerve head morphology
(small cup and disc), some of the dif-
ference may be attributed to a differ-
ent optic nerve head morphology of
the control groups.

Previous studies on RNFL thickness
in NAION eyes suggested that the tem-
poral optic nerve head quadrant thick-
ness is a good clinical indicator of
central vision damage (Horowitz et al.
2010). Deleón-Ortega et al. (2007)
reported that the RNFL thickness at
the temporal sector in NAION eyes
with good VA was comparable to that
of control eyes. In Contreras et al.’s
study (Contreras et al. 2007a,b), in
which patients had significantly lower
VAs in unilateral NAION eyes, the
RNFL thickness of the temporal quad-
rant was reduced in the affected eyes
compared with the healthy eyes (Con-
treras et al. 2007a,b). Our study simi-
larly identified that temporal quadrant
of the optic nerve head correlated
strongly with decreased visual acuity.
Our study adds to this body of litera-
ture in that it demonstrates topo-
graphic correlation between regions of

macula thinning with corresponding
visual field loss.

This study used Status OCT, which is
a time-domain-based technology. Fou-
rier-domain (FD)-OCT system (also
called spectral-domain OCT) may pro-
vide more accurate results as it achieves
higher resolution and speed (Wojtkow-
ski et al. 2005). The higher speed
enables mapping of the macula over a
wider area with many more sampling
points. The higher resolution facilitates
delineation of inner retinal complex
(RNFL, the ganglion cell layer and the
inner plexiform layer) from the rest of
retina. The axons, retinal ganglion cell
bodies and dendrites reside in these
inner layers, and therefore, it may be
more accurate to measure the thickness
of these specific layers rather than total
macular thickness as it is these layers
that are thought to be damaged follow-
ing NAION. However, this study is the
largest study to evaluate macular
parameters in nonglaucomatous optic
neuropathy and will serve as a bench-
mark for the comparison of emerging
technologies with well-established time-
domain OCT.

In conclusion, macular thickness
and volume parameters correlate
strongly with visual sensitivity as mea-
sured by Humphrey automated peri-
metry in NAION. Macular thickness
measurements have the potential to
serve as a surrogate to evaluate the
amount of loss of retinal ganglion cells
in NAION. Additional studies are war-
ranted, in particular, comparing inner
and outer macular thickness with spec-
tral-domain OCT to further define the
relationship between macular thickness
and VFS in NAION as well as other
nonglaucomatous optic neuropathies.
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Optic Disc Morphology in Open-Angle Glaucoma
Compared with Anterior Ischemic Optic Neuropathies

Helen V. Danesh-Meyer,1 Michael V. Boland,2 Peter J. Savino,3 Neil R. Miller,2

Prem S. Subramanian,2 Christopher A. Girkin,4 and Harry A. Quigley2

PURPOSE. To compare optic disc topography performed by
confocal laser ophthalmoscopy in eyes with nonarteritic ante-
rior ischemic optic neuropathy (NAION), arteritic anterior
ischemic optic neuropathy (AAION), and open-angle glaucoma
(OAG), adjusting for the amount of retinal ganglion cell (RGC)
loss, as measured by nerve fiber layer (NFL) thickness and
average visual field loss.

METHODS. At four referral centers, patients who met specific
diagnostic criteria for OAG (103 persons, 152 eyes), NAION
(53 persons, 57 eyes), or AAION (18 persons, 20 eyes) under-
went Heidelberg Retinal Tomography (HRT; Heidelberg Engi-
neering, Heidelberg, Germany), Stratus Optical Coherence To-
mography (OCT; Carl Zeiss Meditec, Inc., Dublin, CA), and
Humphrey visual field testing (HFA; Carl Zeiss Meditec, Inc.).
HRT parameters were compared in univariate and multivariate
models, accounting for degree of RGC loss by either OCT NFL
thickness or visual field mean deviation (MD). Acute AION
occurred at least 6 weeks before testing.

RESULTS. After adjustment for degree of injury according to
either MD or mean NFL thickness, all HRT parameters were
significantly different between OAG and both NAION and
AAION. With similar damage, OAG eyes had larger, deeper
cups; smaller rims; more cup volume; and less rim volume (all
P � 0.001). There were differences in disc topography be-
tween NAION and AAION, but they were not consistent for
both measures of damage. Disc area and MD were also signif-
icantly associated with many HRT parameters. NFL thickness
was greater at the same MD for both AAION and NAION
compared with OAG.

CONCLUSIONS. NAION and AAION cause loss of RGCs, but have
significantly different disc topography compared with OAG at

a given level of RGC loss. (Invest Ophthalmol Vis Sci. 2010;51:
2003–2010) DOI:10.1167/iovs.09-3492

Optic neuropathies produce characteristic changes in the
optic disc that reflect the underlying etiology, as well as

the pattern and extent of damage to retinal ganglion cell (RGC)
axons. The morphology of the disc in open-angle glaucoma
(OAG) is characterized by thinning of the neuroretinal rim,
excavation of the optic cup, and a higher cup/disc ratio.
However, anterior ischemic optic neuropathies (AION) have
also been shown to demonstrate some of these features after
the acute optic disc swelling subsides.1–5 In no study to date
has the morphology of the optic disc been compared among
OAG, arteritic anterior ischemic optic neuropathy (AAION),
and nonarteritic anterior ischemic optic neuropathy (NAION)
by using laser-based imaging. Unlike OAG, AAION and NAION
involve acute injuries to the optic nerve, characterized by
sudden loss of vision, optic disc swelling with resolution over
weeks, visual field defects, and, ultimately, optic disc pallor
and altered optic disc morphology. AAION is caused by an
inflammatory vascular occlusion of the posterior ciliary arteries
secondary to giant cell arteritis, producing pallid disc swelling.
There is no distinctive premorbid disc appearance for AAION,
but NAION occurs most commonly in eyes with a small optic
disc diameter and a small cup and usually produces hyperemic
disc swelling.6–8

In several studies, investigators have documented that, after
resolution of optic disc swelling in AION, but particularly in
AAION, there is thinning of the neuroretinal rim and enlarge-
ment of the cup/disc ratio.1–5,9 Researchers have used the
masked assessment of color photographs to evaluate the mor-
phologic differences in the optic disc appearance among these
conditions. Discs with cups that seemed larger than average
were often said to have “cupping,” although the meaning of
this term has rarely been expressed quantitatively. In one
study,4 OAG discs differed from those in NAION and AAION,
although AAION discs occasionally had a sufficiently large cup
size to simulate that in early glaucoma. In another study, also a
masked assessment of color photographs, the investigators
reported that there was a large cup/disc ratio in 92% of AAION
eyes versus 4% of NAION eyes.3 In neither of these studies,
however, was adjustment made for the degree of visual field
loss in assessing the cup/disc ratio. An important finding noted
in both studies was that both forms of AION had pallor of the
remaining neuroretinal rim,3,4 whereas in OAG, the remaining
rim was most often pink. With Heidelberg Retinal Tomography
(HRT; Heidelberg Engineering, Heidelberg, Germany), AAION-
affected eyes demonstrated significantly larger cup/disc ratios,
thinner neuroretinal rims, and deeper cups than in NAION-
affected eyes.5 In another study in which HRT was used in a
Japanese population, significant differences between NAION
and OAG eyes were found in many HRT parameters, after
adjustment for the degree of visual field loss or loss of retinal
nerve fiber layer (NFL) thickness. The same investigators also
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found that the NAION eyes had somewhat smaller disc rims
than did the fellow eyes.10,11 This group confirmed that, in
NAION, eyes have smaller disc areas than control eyes; how-
ever, there were no cases of AAION for comparison in their
study.

We extended these analyses by using HRT topography to
directly compare, for the first time, the effects of AAION,
NAION, and OAG. We also included the important step of
adjusting for the degree of RGC loss by determining mean
deviation (MD) in the visual field or mean NFL thickness by
optical coherence tomography (OCT).

METHODS

Patient Selection

This study adhered to the Declaration of Helsinki and was approved
and monitored by the institutional review boards of the Johns Hopkins
University School of Medicine, the University of Auckland, the Univer-
sity of Alabama, and the Wills Eye Institute. Patients met formal criteria
for the diagnoses of OAG, AAION from biopsy-proven giant cell arteri-
tis, or NAION. We enrolled 103 subjects (152 eyes) with OAG by
sequentially soliciting patients at the Wilmer Glaucoma Service. They
were included in a previous report comparing OAG and angle-closure
glaucoma.12 Their OAG met the criteria of Foster et al.,13 including
open angles by gonioscopy and a specifically defined cup/disc ratio
and visual field loss in at least one eye. The field loss was defined as a
glaucoma hemifield test result outside normal limits and three points
abnormal at the 5% level in one hemifield on the pattern deviation plot
of a Humphrey Field Analyzer (HFA2; Carl Zeiss Meditec, Inc.), accord-
ing to the Swedish Interactive Thresholding Algorithm (SITA) Standard
24-2 program. Because there are no specific diagnostic criteria for
pigment dispersion and exfoliation syndromes, we included eyes in
which either condition was suspected. These patients otherwise met
the same diagnostic criteria as other patients with OAG. Patients with
secondary causes of glaucoma, other retinal or optic nerve disease,
spherical refraction greater than �5.0 D, or cylinder correction greater
than �3.0 D were excluded.

Eighteen subjects (20 eyes) with AAION and 53 subjects (57 eyes)
with NAION were also enrolled. Because these diseases are not com-
mon and because testing had to be performed at least 6 weeks after
acute optic disc swelling had first been documented, these subjects
were identified and recruited both in the clinic and through adminis-
trative and clinical records, with some subjects returning for additional
examination and testing. The diagnosis of AION was made by a neuro-
ophthalmologist based on clinical examination and history. All subjects
with AAION or NAION had optic disc swelling observed by one of the
authors at the time of onset of visual loss. All cases of AAION were
associated with clinical features of giant cell arteritis, and the diagnosis
was confirmed by temporal artery biopsy. Subjects were included if
they had complete clinical information, an HRT of adequate quality,
and either a 24-2 visual field test or an OCT of the peripapillary NFL.
Patients who were unable to perform visual field tests because of
severe visual field loss had only results of the OCT of the RNFL
included.

Examination and Testing

Demographic information was recorded including age, sex, and ethnic
derivation (African, Asian, Caucasian, or other), and history of cataract
surgery. Subjects underwent a complete ocular examination including
Snellen visual acuity, Goldmann applanation tonometry, gonioscopy
(glaucoma group only), slit lamp examination, and dilated fundus
examination. The refractive error used was the presenting eyeglass
correction. Each enrolled eye also underwent visual field testing with
the HFA SITA Standard 24-2 algorithm and OCT examination of the
peripapillary NFL (Fast RNFL scan, Stratus OCT; Carl Zeiss Meditec,

Inc.). Patients were included if either the visual field test result met the
reliability criteria or their OCT scans were of good quality (signal
strength �4 on three consecutive scans). Scanning laser ophthalmos-
copy of the optic disc was performed (HRT2 or -3 with Eye Explorer
software version 1.5.1.0; Heidelberg Engineering). Because keratom-
etry was not routinely obtained in all patients, we used the default
values for this parameter in the HRT. To determine whether refraction
could affect our conclusions, we compared disc area in phakic eyes
with that in pseudophakic eyes in patients with OAG. There was no
significant difference between the groups (data not shown), which
supports the concept that optical differences did not substantially bias
the disc diameter measurement.

A single expert (HAQ) identified the optic disc border on all HRT
scans. HRT results were assessed according to three criteria: The disc
contour had to be drawn accurately in the HRT software, the HRT
software had to be able to analyze the images, and the standard
deviation of the three scans making up each study had to be �50 mm2.
The OCT, visual field, and eye examinations were completed within a
6-month period in each subject and took place at least 6 weeks after
the initial observation of disc swelling in the AION groups.

Estimation of RGC Loss

All patients with OAG satisfied visual field criteria for glaucomatous
field loss, but not every eye with OAG or AION had a recent analyzable
field test of the correct type and quality for inclusion in these data. Eyes
with documentation of disease status, but for which there were no
acceptable visual field results at the time of the study, were included
only if an OCT NFL thickness was obtained as an alternate measure of
optic nerve damage. As will be described later in the article, analysis
with OCT NFL thickness used as a measure of damage was performed
separately from analysis with visual field MD. This approach maxi-
mized our ability to detect differences in HRT parameters. When both
eyes of a subject qualified for inclusion, data from both eyes were used
with appropriate statistical adjustment.

Statistical Analysis

Demographics of the three groups were compared pair-wise by using
the t-test for comparing age and Fisher’s exact test for eye laterality
(right, left, both), sex, and ethnicity. Because some subjects had both
eyes enrolled in the study, the generalized estimating equation (GEE)14

was used when analyzing data derived from eyes (as opposed to
people). The GEE method accounts for the within-group correlations
introduced when some subjects contribute data from both eyes. Dif-
ferences between groups in numeric variables were assessed with GEE
in a Gaussian model. The numeric parameter was the dependent
variable in the model, whereas diagnosis was an independent variable.
Other dependent variables included intraocular pressure (IOP) at the
time of the examination, spherical equivalent refractive error, loga-
rithm of the minimum angle of resolution (logMAR) visual acuity, and
HRT disc area. Differences in history of cataract extraction were
similarly assessed, using GEE in a binomial model.

The eyes with a valid visual field result were used to compare the
HFA MD and pattern standard deviation (PSD) among the three groups
by using GEE in a Gaussian model. Similarly, eyes with an OCT NFL
scan were used to compare the average NFL thickness among the
groups. Finally, we used the same method to compare the values of the
HRT parameters in the three groups.

To compare the differences in HRT parameters among groups,
while also controlling for the total amount of damage, we used GEEs to
generate multiple regression models in which the HRT parameter was
the dependent variable, and diagnosis, HFA MD, HRT disc area, and
HRT reference plane height were all independent variables. To deter-
mine the effect of age, we generated these models with age as an
additional independent variable. Separate models were created with
the following dependent variables: cup area, rim area, cup/disc area
ratio, cup volume, rim volume, mean cup depth, cup shape measure,
and vertical cup/disc ratio. The HFA MD was included to control for
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the total amount of damage in the eye. We controlled for disc area
because it is related to other disc measures.15,16 The reference plane
height was included because there may be a greater proportionate loss
of macular NFL in AION than in OAG.17 Because reference height is
critically dependent on the temporal (macular) zone of NFL, failure to
correct for reference height could bias comparisons of HRT data. The
same multiple regression analysis of the HRT parameters was repeated
using the OCT mean NFL thickness as an alternate measure of total
damage (i.e., in place of MD). The MD and NFL thickness measures of
damage were thought to be complementary, as one measures func-
tional damage and the other measures structural loss of NFL.

We tested the significance of our regression analyses in which
topographical parameters were the dependent variable using both the
standard P � 0.05 level of significance and the conservative Bonferroni
method. With nine different comparisons of HRT parameters among
the disease entities in the univariate regression models, P � 0.05/9 or
0.0055 was significant after the Bonferroni correction. With eight HRT
parameters in the multivariate models (not including reference height,
which was an independent variable in these models), the Bonferroni-
corrected significance level was P � 0.05/8 or 0.0063.

All statistical analyses were performed using R version 2.8.0 (http://
www.r-project.org) with the geepack library.18

RESULTS

Comparison of Diagnostic Groups

Subjects with NAION had a significantly younger mean age
than in both the OAG and AAION groups (Table 1). More than
half the patients with OAG and NAION were men, whereas
significantly more patients with AAION were women. Most
subjects were European-derived, with the NAION group being
significantly more so than the OAG group. The OAG group was
significantly more myopic than either AION group, and more
were pseudophakic among the patients with OAG than among
those with NAION (Table 2). The disc area was significantly
smaller in NAION eyes than in either OAG or AAION eyes, and
AAION eyes had significantly worse visual acuity than eyes
with either NAION or OAG.

Univariate Analysis of Imaging Parameters

AAION eyes had significantly more damage, as judged by visual
field MD, than did either OAG or NAION eyes, whereas MD in
OAG and NAION eyes was similar. By contrast, the mean OCT
NFL thickness was similar in OAG and AAION eyes, and eyes
with either of these disorders had significantly thinner NFL
than did NAION eyes (Table 3).

In the comparison between OAG and either NAION or
AAION, diagnosis was a significant predictor of OCT NFL
thickness when controlling for MD (Table 4). For a given MD,
NFL thickness was greater in NAION or AAION than in OAG,
but there was no significant difference between the AAION
and NAION groups. The relationship between MD and mean
OCT NFL thickness in the three groups is shown in Figure 1.

In the univariate analysis of HRT parameters (Table 5), there
were significant differences between OAG and NAION for all
parameters, using the corrected significance level of 0.0055.
NAION and AAION differed at the corrected significance level
for cup area, cup/disc area ratio, cup volume, rim volume, and
vertical cup/disc ratio, and at P � 0.05 for all other structural
measures except reference height. OAG and AAION differed at
the corrected significance level in rim area, cup volume, mean
cup depth, and reference height.

Multivariate Analysis of HRT Parameters

In multivariate models of HRT parameters, we accounted for
either MD or average OCT NFL thickness (but not both in the
same model) as independent variables to adjust for degree of
RGC loss. Disc area and reference height were also included in
each model, as they are known to be related to other HRT
parameters. In the models with MD as the damage criterion,
OAG eyes differed significantly from both NAION and AAION
eyes in all HRT parameters, having a larger cup area, smaller
rim area, larger cup/disc ratio, larger cup volume, smaller rim
volume, and greater cup depth (at the corrected significance
level). When comparing NAION to AAION and controlling for
RGC loss using MD, only cup volume achieved significance at
P � 0.0063. At uncorrected P � 0.05, eyes with NAION had a
significantly smaller cup area, a larger rim area, and a larger

TABLE 1. Comparison of Subject Characteristics between Groups

OAG (n � 103) NAION (n � 53) AAION (n � 18)
P

(OAG vs. NAION)
P

(OAG vs. AAION)
P

(NAION vs. AAION)

Age, y (SD) 69.3 (11.2) 60.3 (12.0) 73.0 (7.3) �0.001 0.08 �0.001
Eye, % with both 54.4 13.2 16.7 �0.001 0.002 0.93
Sex, % female 32 47 67 0.08 0.008 0.18
Ethnicity, % 0.04 0.24 0.57

African 13.6 5.7 0
Asian 3.9 0 0
European 76.7 94.3 100
Other 5.8 0 0

TABLE 2. Comparison of Eye Characteristics between Groups

OAG (n � 152) NAION (n � 57) AAION (n � 20)
P

(OAG vs. NAION)
P

(OAG vs. AAION)
P

(NAION vs. AAION)

IOP, mm Hg (SD) 14.7 (4.5) 14.8 (3.5) 14.5 (3.0) 0.96 0.81 0.73
n � 56

Refractive error, D (SD) �2.0 (3.0) 0.21 (1.9) �0.29 (2.0) �0.001 0.002 0.50
n � 93 n � 55 n � 18

Acuity, logMAR (SD) 0.27 (0.44) 0.42 (0.66) 1.1 (1.0) 0.13 �0.001 0.006
Pseudophakia, % 45 18 35 0.001 0.40 0.06
Disc area, mm2 (SD) 1.8 (0.41) 1.7 (0.37) 1.84 (0.34) 0.03 0.69 0.04
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cup/disc ratio (Table 6). In the models with OAG against the
two forms of AION, MD was independently associated with
cup and rim area, cup/disc area ratio, and rim volume but not
with cup volume, mean cup depth, or cup shape. In those
same models, disc area was significantly associated with all
HRT parameters except rim volume. When age was added to
the multivariate model, the difference between AAION and
NAION decreased, but remained significant (at the uncor-
rected significance level) when controlling for OCT RNFL
thickness (data not shown).

In multivariate models with mean OCT RNFL thickness used
as the measure of damage, the findings were similar to those
with MD. Again, OAG eyes differed significantly from both
NAION and AAION eyes in all HRT parameters (Table 7), with
the former showing larger cup area and volume, smaller rim
area and volume, greater cup depth, and a more positive cup
shape measure. The coefficients in the model comparing
NAION and AAION were generally larger in magnitude than
those in the HFA MD analysis. The significant differences be-
tween NAION and AAION eyes were a smaller cup volume and
smaller vertical cup/disc ratio in NAION. OCT RNFL thickness
was associated only with cup shape measure.

To illustrate the average difference between HRT findings in
OAG, NAION, and AAION eyes, we selected from each disor-
der typical HRT disc image examples that had an average 25-dB
loss in MD (Fig. 2). The size of the cup, shown in red, was
proportionately much greater in the OAG than the AAION or
NAION eyes.

DISCUSSION

In this study, eyes with OAG, NAION, and AAION had different
topography of the optic disc, as measured by scanning laser
ophthalmoscopy. When we used RNFL thickness or MD as a
surrogate measure of loss of RGC, discs affected by OAG had
significantly less disc rim tissue and a dramatically deeper cup
than either NAION or AAION. When comparing the disc to-
pography of OAG and AION, we also controlled for disc area.
It is well known that disc area affects cup size and rim area,
presumably because smaller discs have, in general, fewer nerve
fibers,19 and NAION eyes have smaller disc diameter than the
general population. In eyes with NAION, disc area was signif-
icantly smaller than that in either AAION or OAG. We found
some differences in disc topography between AAION and
NAION; however, neither NAION nor AAION eyes exhibited
the significant deepening of the cup that was seen in OAG. Our

univariate analysis revealed that OAG discs had almost seven
times greater cup volume and twice the cup depth as NAION
discs and twice the cup volume and one-third greater cup
depth than AAION discs. Of note, the cup area and the cup/
disc area ratio are not significantly different between OAG and
AAION, suggesting that, although there is enlargement of the
cup size and thinning of the rim area in both disorders, the
posterior excavation is far more dramatic in OAG eyes than in
AAION eyes. For a given level of field loss, our multivariate
models showed that both forms of AION had cups that were
not as deep and had less volume than those in OAG. Our
multivariate analysis also showed some differences between
AAION and NAION when examined by HRT. In both the
models using MD and those using mean NFL thickness, AAION
eyes had larger cup volumes than did eyes with NAION.

A possible hypothesis for our findings is that OAG, NAION,
and AAION result in damage to the prelaminar and laminar
zones of the optic nerve head that differs in severity and in the
specific structures most damaged. The prelaminar zone con-
sists largely of RGC axons (with some astrocytes and capillar-
ies), whereas the laminar zone consists of load-bearing laminar
connective tissues through which pass the axon bundles.20,21

Our findings suggest that OAG affects the laminar connective
tissues much more than either NAION or AAION. All three
disorders lead to RGC axon loss and thus are likely to produce
some prelaminar tissue loss, but the increased cup depth and
volume in OAG—with the same degree of RGC axon loss as in
NAION or AAION—suggests that the supporting connective
tissues of the lamina are retrodisplaced and/or thinned much
more in OAG. At similar injury levels (defined by NFL loss or
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FIGURE 1. Visual field MD versus average NFL thickness for the three
groups in the study.

TABLE 3. Visual Field and OCT NFL Thickness Parameters for the Three Groups

OAG NAION AAION
P

(OAG vs. NAION)
P

(OAG vs. AAION)
P

(NAION vs. AAION)

MD, dB (SD) �10.0 (7.2) �10.8 (8.4) �18.6 (9.6) 0.23 <0.001 0.003
n � 135 n � 54 n � 16

PSD, dB (SD) 8.7 (3.8) 8.8 (4.0) 8.7 (3.9) 0.90 0.87 0.92
Average NFL

thickness, �m (SD) 60.3 (14.1) 71.3 (21.5) 56.8 (21.1) 0.008 0.38 0.022
n � 147 n � 49 n � 16

Significant P-values are shown in bold.

TABLE 4. Multiple Regression Coefficients for Diagnosis and Visual
Field MD with OCT RNFL as the Dependent Variable

OAG/NAION OAG/AAION NAION/AAION

Diagnosis 11.5 (p � 0.001) 11.4 (P � 0.01) 5.3 (P � 0.22)
MD 1.4 (P � 0.001) 1.2 (P � 0.001) 2.0 (P � 0.001)
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MD), NAION and AAION eyes have relative preservation of the
neuroretinal rim compared with OAG eyes, which may reflect
the optic disc pallor and RGC loss seen in these eyes.

The results do not mean that vascular insults do not affect
laminar connective tissues to some degree, but they do indi-
cate that the displacement of the lamina and widening of the
posterior scleral canal that characterizes glaucoma does not
happen to any detectable degree in NAION and only marginally
in AAION. Laminar deformation has been shown in experimen-
tal monkey glaucoma22 and human23 by histologic study, but
no well-documented specimens of human AION have been
studied in a manner that shows laminar architecture. It is
feasible that some reorganization of laminar connective tissues
occurs in the two forms of AION; however, the type and
severity of laminar deformation must be substantially smaller
than in OAG, based on our HRT data.

In both the models using MD and the models using mean
NFL thickness as measures of damage, AAION eyes had signif-
icantly larger cup volumes than did eyes with NAION. These
differences between AAION and NAION eyes may result from
differences in pathologic events or from relative differences in
the baseline structure of the optic disc. Because NAION eyes
had a somewhat smaller disc diameter than AAION eyes, it is
possible that NAION eyes also have a different composition of

laminar connective tissue—perhaps showing greater resistance
to deformation—than eyes with AAION. Alternatively, AAION
is associated with occlusion of the major arterial input to the
eye (retina, choroid, and ciliary), whereas the vascular changes
that occur in NAION appeared to be limited to the nerve head
area. This effect may lead to more profound changes in optic
nerve tissues in AAION than in NAION. Of interest, animal
models of vascular occlusion of the optic disc have never
shown changes in connective tissue within the affected region
similar to those in eyes with OAG. The recent development of
a nonhuman primate model simulating aspects of NAION24

could be used to investigate this question.
We found that for the same amount of visual field loss as

judged by MD, OAG eyes had a greater reduction in mean NFL
thickness than AION eyes. Although there have been several
studies of the structure–function relationship in OAG,25 few
reports have compared this relationship between AION and
OAG. Hood et al.26 compared OCT-measured RNFL thickness
in upper and lower poles with corresponding visual field loca-
tions in 24 AION eyes and 15 OAG eyes. The type of AION was
not indicated. These investigators stated that the relationship
in these sectors of the RNFL and field between their patients
with AION and those with OAG was similar; however, they
presented no formal statistical comparisons to support their

TABLE 5. Univariate Comparison of HRT Parameters between Eyes

OAG
(n � 152)

NAION
(n � 57)

AAION
(n � 20)

P
(OAG vs. NAION)

P
(OAG vs. AAION)

P
(NAION vs. AAION)

Cup area, mm2 0.94 (0.48) 0.29 (0.29) 0.66 (0.39) <0.001 0.019 <0.001
Rim area, mm2 0.89 (0.32) 1.4 (0.33) 1.2 (0.38) <0.001 0.003 0.01
Cup/disc area ratio 0.49 (0.20) 0.16 (0.15) 0.35 (0.22) <0.001 0.023 <0.001
Cup volume, mm3 0.26 (0.24) 0.05 (0.07) 0.12 (0.09) <0.001 <0.001 <0.001
Rim volume, mm3 0.19 (0.11) 0.37 (0.15) 0.25 (0.15) <0.001 0.137 0.004
Mean cup depth, mm 0.28 (0.13) 0.13 (0.08) 0.17 (0.07) <0.001 <0.001 0.009
Cup shape measure, mm �0.08 (0.08) �0.17 (0.06) �0.13 (0.08) <0.001 0.017 0.03
Vertical cup/disc ratio 0.70 (0.23) 0.21 (0.25) 0.50 (0.31) <0.001 0.033 <0.001
Reference height, mm2 0.38 (0.15) 0.24 (0.13) 0.29 (0.10) <0.001 <0.001 0.066

Data are expressed as the mean (SD). Bold indicates that the difference exceeded the corrected significance level of 0.0055.

TABLE 6. Multivariate Models of HRT Parameters with Diagnosis as the Independent Variable and Controlling for MD,
Disc Area, and Reference Height

Cup
Area

Rim
Area

Cup-Disc
Area
Ratio

Cup
Volume

Rim
Volume

Mean
Cup

Depth
Cup

Shape

Vertical
Cup-Disc

Ratio

OAG (n � 135) vs. NAION (n � 54)

Diagnosis �0.63* 0.62* �0.35* �0.22* 0.22* �0.13* �0.092* �0.47*
MD �0.010* 0.01* �0.005* �0.003 0.004* 0.001 �0.002† �0.004
Disc area 0.74* 0.26* 0.19* 0.30* 0.03 0.14* 0.055* 0.23*
Reference height �0.30 0.30 �0.15 �0.18† 0.28* 0.13† 0.012 �0.04

OAG (n � 135) vs. AAION (n � 16)

Diagnosis �0.56* 0.56* �0.30* �0.25* 0.16* �0.14* �0.097* �0.34*
MD �0.013* 0.013* �0.007* �0.004 0.004* 0 �0.002† �0.006†
Disc area 0.81* 0.19* 0.19* 0.35* 0.018 0.16* 0.062* 0.22*
Reference height �0.39† 0.39† 0.24† �0.18 0.33* 0.12 0.007 �0.21

NAION (n � 54) vs. AAION (n � 16)

Diagnosis 0.20† �0.21† 0.098 0.068* �0.065 �0.023 �0.004 0.17†
MD �0.004 0.004 �0.002 �0.001 0.005* 0.001 �0.002* 0.00
Disc area 0.50* 0.50* 0.18* 0.097* 0.042 0.30* 0.042† 0.31*
Reference height 0.026 �0.028 0.008 �0.36* 0.21 0.11 �0.005 �0.22

Data are the regression coefficients for each of the model variables.
* P � 0.0063.
† P � 0.05.
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conclusions. They also identified that OCT RNFL thickness,
after extensive RGC damage, retained a value of nearly 50 �m.
This apparent floor effect may reflect the contribution of non-
axonal tissue to the measure or an artifact in the way the image
is segmented by the analysis software. In our study, eyes with
AAION had significantly more visual field damage than did eyes
with either OAG or NAION; however, due to the floor effect in
RNFL thickness—approximately 40 �m—their structural dam-
age may be underestimated in the multivariate analysis. Never-
theless, our comparisons show statistically significant differ-
ences in the MD-RNFL relationship between OAG and both
NAION and AAION, using overall field and NFL data instead of
the sectoral data used by Hood et al. We therefore conclude
that when a similar estimated loss of RGCs has occurred, OAG
has a significantly greater effect on RNFL thickness, in addition
to greater loss of disc rim tissue and a greater deepening of the
cup, than does either AAION or NAION.

Although not all AAION eyes could perform visual field
tests, our data may point to a fundamental difference in how
RGCs are affected by NAION and AAION, compared with OAG.
First, this difference may derive from a differential susceptibil-
ity of RGC types to injury in the two forms of AION, or it may
be a result of methodological differences in laser imaging.
Clinically, visual acuity, hence, macular RGC function, is more
often affected in AION than in OAG for the same degree of

overall field loss. The macular RGCs have thinner axons and
contribute less to overall NFL thickness as measured by OCT,
perhaps explaining our finding. A second methodologic expla-
nation of our findings of greater mean NFL thickness in eyes
with NAION or AAION compared with OAG is the possibility
that the NFL in eyes with NAION and AAION remained swollen
from the acute event longer than the 6-week minimum that we
allowed. Most of our imaging studies were performed longer
than 6 weeks after presentation, with 52 (91%) of 57 NAION
and 16 (80%) of 20 AAION eyes imaged with HRT and/or OCT
3 months or more after the event. Although one recent report
suggests that swelling after NAION should have resolved by
this time,27 another publication indicated that RNFL thinning
may not fully plateau until 6 months.28 Hence, there may have
been mild further thinning of RNFL thickness in NAION and
AAION eyes that has not been considered in our analysis. It is
possible that further studies of NFL and field correlations in
NAION, such as that performed by Alasil et al.28 will provide a
more complete explanation of this relationship. Finally, the
different pathophysiology of these three optic neuropathies
may have differential effects on retinal glial cells and blood
vessels and structures that make variable contributions to the
RNFL profile.

To further evaluate the role of the interval from the isch-
emic event in either type of AION to the date of testing, we

FIGURE 2. Representative HRT im-
ages from each of the three groups.
The images were selected from the
patient in each group with MD clos-
est to �25 dB. The cup was clearly
much larger in the glaucomatous
eye. In this particular example, the
disc diameter was largest in the
AAION eye, although the mean disc
diameters of OAG and AAION eyes
were similar and both larger than the
mean NAION disc diameter.

TABLE 7. Multivariate Models of HRT Parameters with Diagnosis Used as the Independent Variable and Controlling
for OCT RNFL, Disc Area, and Reference Height

Cup
Area

Rim
Area

Cup-Disc
Area
Ratio

Cup
Volume

Rim
Volume

Mean Cup
Depth

Cup
Shape

Vertical
Cup-Disc

Ratio

OAG (n � 147) vs. NAION (n � 49)

Diagnosis �0.54* 0.54* �0.30* �0.18* 0.18* �0.13* �0.072* �0.45*
RNFL average �0.006* 0.006* �0.003* �0.002* 0.002* 0.00 �0.002* �0.003*
Disc area 0.77* 0.23* 0.20* 0.30* 0.015 0.14* 0.067* 0.24*
Reference height �0.21 0.21 �0.11 �0.13 0.26* 0.14* 0.019 �0.035

OAG (n � 147) vs. AAION (n � 16)

Diagnosis �0.36* 0.36* �0.19* �0.17* 0.11* �0.11* �0.071* �0.23*
RNFL average �0.01* 0.01* �0.005* �0.003* 0.003* �0.001 �0.002* �0.005*
Disc area 0.83* 0.17* 0.19* 0.34* �0.005 0.15* 0.07* 0.22*
Reference height �0.30 0.30 �0.22† �0.13 0.30* 0.12 0.008 �0.24†

NAION (n � 49) vs. AAION (n � 16)

Diagnosis 0.34† �0.34 0.17† 0.11* �0.10 0.038 0.01 0.30*
RNFL average �0.001 0.001 �0.001 0.001 0.004 0.00 �0.001* �0.001
Disc area 0.36 0.66 0.12† 0.10* 0.299 0.07† 0.035 0.10
Reference height �0.15 0.16 �0.03 �0.53* 0.462 0.14† 0.013 0.010

Data are the regression coefficients for each of the model variables.
* P � 0.0063.
† P � 0.05.
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reran our analyses including only those subjects with an inter-
val of at least 3 months (data not shown). All statistically
significant differences between the three groups of subjects
remained but the smaller disc area in the NAION eyes was
nonsignificant in the reanalysis. In the univariate analysis of
HRT parameters, OAG remained different from NAION in all
cases. There was also no change in the significant differences
between OAG and AAION and between NAION and AAION.
Furthermore, the differences between OAG and NAION in the
multivariate analysis were all unchanged, and the differences
found between OAG and AAION changed only slightly: The
difference in rim volume became nonsignificant at the cor-
rected probability when we used MD and controlled for dam-
age and the same was true for vertical cup/disc ratio when we
used NFL thickness controlled for damage. As expected, the
probabilities for differences between NAION and AAION de-
creased in this analysis, with none reaching the corrected
significance level. Based on this analysis, we remain confident
in our primary conclusion regarding differences in disc topog-
raphy between OAG and either form of AION at a given level
of ganglion cell loss.

This study has several limitations. First, we assumed that
both RNFL thickness and visual field tests in AION and OAG are
adequate methods for determining the number of RGCs, even
though the disorders may affect the structure of the optic disc,
visual function, or both in quite different ways. The single
episode of NAION or AAION typically results in sudden loss of
central visual acuity and color vision, whereas OAG spares
visual acuity until very late in the process. It is possible that a
different population of RGCs is damaged in OAG than in eyes
with AION. Various populations of RGCs have different axon
diameters and different topographic distributions near the op-
tic disc. These considerations could influence the RNFL thick-
ness measurement. If indeed a larger number of smaller diam-
eter macular fibers are affected in AION than in OAG, then
RNFL thickness could underestimate RGC loss in NAION and
AAION compared with OAG. This underestimation could have
contributed to the difference in the MD-RNFL relationship
between AION and OAG observed in our study. Furthermore,
Humphrey visual field testing emphasizes the superior and
inferior arcuate zones and minimizes testing of the papillo-
macular bundle, which is more damaged in AION than in OAG.
These factors may result in an underestimation of the amount
of RGC damage (as reflected in the MD) in AION. In addition,
RNFL thickness represents the sum of two components: (1) the
thickness derived from an age-dependent population of RNFL
axons and (2) the thickness of nonneural, glial tissue, which
partly compensates for the age-related decrease in axons in the
NFL. In OAG, an increase in nonneural, glial tissue has been
suggested in histologic studies of postmortem human eyes.
Hence, it is likely that in advanced disease, OAG and AION
differ in the relative amount of remaining glial tissue.29 Another
limitation is that many of our patients with OAG had under-
gone visual field testing before entering the study, whereas
subjects with AION were unlikely to have undergone any field
testing before their acute loss of vision. In addition, all patients
with OAG were from one center, whereas subjects with
AAION and NAION were recruited from four centers. Finally,
we excluded patients for whom we were not able to obtain
reliable imaging or visual field testing. This predominantly
affected the patients with AAION, who often had profound
visual field loss to levels of hand movements or worse. Hence,
our AAION population may not be representative of the degree
of damage that normally occurs in these patients. On the other
hand, the measures of damage (OCT RNFL thickness, field MD)
showed significantly worse effects in the AAION group, sug-
gesting that we did capture some of the differences in disease
severity.

In summary, we found that the topography of the optic disc
differed significantly between eyes with OAG and eyes with
either NAION or AAION, demonstrating greater excavation,
greater thinning of the neuroretinal rim, and more RNFL loss
after adjusting for the estimated degree of RGC loss. The
consistent difference between AAION and NAION when con-
trolling for total damage was in cup volume.
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Non-arteritic anterior ischaemic optic neuropathy (NAION) is the most common acute optic neuropathy
in people aged 50 years and older. The condition is caused by infarction of the laminar or retrolaminar
portion of the optic nerve head supplied by the short posterior ciliary arteries (SPCAs). The underlying
aetiology and pathophysiology is poorly elucidated. Factors that have been implicated include nocturnal
hypotension, impaired autoregulation of the microvascular supply, vasculopathic occlusion, and venous
insufficiency. These factors are thought to result in axonal oedema causing a compartment syndrome in a
structurally crowded optic disc leading to axonal degeneration and loss of retinal ganglion cells via apop-
tosis. Clinically NAION is characterised by sudden, usually painless, loss of vision in one or both eyes.
Examination findings include decreased visual acuity, a visual field defect, decreased colour vision, a rel-
ative afferent pupillary defect, and optic disc swelling. Despite significant research, treatment options for
NAION remain limited.

� 2009 Published by Elsevier Ltd.
1. Introduction

Non-arteritic anterior ischaemic optic neuropathy (NAION) is an
important cause of acute visual loss in the middle-aged and elderly
populations. However, many aspects of this disease remain poorly
understood. In particular the exact pathophysiology leading to
infarction of the optic nerve head remains to be elucidated. Fur-
thermore the efficacy of medical and surgical treatments for
NAION are yet to be proven. The purpose of this review is to syn-
thesise current knowledge on the clinical presentation, risk factors,
pathophysiology, and management of NAION.

2. Clinical features

The clinical picture may vary significantly from the classic pre-
sentation of sudden, painless, unilateral visual loss, frequently no-
ticed on awakening from sleep (Table 1). It is now recognised that
approximately 12% of patients experience ocular pain or headache
which complicates the differentiation of NAION from optic neuri-
tis.1 In over two-thirds of patients visual loss is noticed on awaken-
ing from sleep, or at the first opportunity to use vision critically
after sleeping, suggesting that nocturnal arterial hypotension
may play an important role.2

On clinical examination visual acuity in the affected eye may
vary widely, however no light perception is uncommon in NAION.
Elsevier Ltd.

4; fax: +64 9 367 7173.
.V. Danesh-Meyer).
In the Ischemic Optic Neuropathy Decompression Trial (IONDT)
49% of patients on presentation had a visual acuity of better than
6/21 while 34% of patients had a visual acuity of 6/60 or worse.3

In a study of the natural history of NAION the visual acuity at pre-
sentation was normal or near normal (6/5 to 6/9) in approximately
50% of patients.4 Therefore the presence of normal visual acuity
does not rule out NAION.

There is often an acquired dyschromatopsia which is propor-
tional to the reduction in visual acuity. The most common
visual field defect is a relative inferior altitudinal defect;5 how-
ever, NAION may be associated with any pattern of visual field
loss. Provided the contralateral eye is normal there will be a rel-
ative afferent pupillary defect (RAPD). The classic finding on
fundoscopy is that of a hyperaemic disc with segmental disc
swelling; however, in the IONDT study this finding was only
present in 25% of patients.3 Typically, the unaffected eye has
a small or absent physiological cup reflecting a ‘‘disc-at-risk”
(Table 2).6

3. Epidemiology

NAION is the most common acute optic neuropathy in people
aged 50 years and over. The condition is estimated to affect be-
tween 2.3 and 10.3 people per 100 000 individuals per year.7,8 Af-
fected individuals are typically between 60 and 70 years of age
although the condition is not uncommon in younger patients.9 In
a retrospective study 23% of patients with NAION were under
50 years of age.10 NAION is predominately a disease of Caucasian
people who account for nearly 95% of cases.
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Table 2
Signs of non-arteritic anterior ischaemic optic neuropathy

Decreased visual acuity
Reduced colour vision
Visual field defect (typically inferior altitudinal)
Diffuse or segmental disc swelling
Flame-shaped haemorrhages
Small or absent physiological cup in the fellow eye

Table 1
Symptoms of non-arteritic anterior ischaemic optic neuropathy

Sudden monocular visual loss frequently noticed on awakening from sleep
Mild ocular pain or discomfort

N.M. Kerr et al. / Journal of Clinical Neuroscience 16 (2009) 994–1000 995
4. Aetiology

4.1. Small cup-to-disc ratio

Approximately 97% of people who develop NAION have a small
optic disc (less than 1.2 mm) with a small or absent physiological
cup (cup-to-disc disc ratio 6 0.2), a so-called ‘‘disc-at-risk”.11–16 It
is believed that crowding at the level of the lamina cribrosa predis-
poses to a compartment syndrome phenomenon whereby axoplas-
mic stasis and oedema following a microvascular ischaemic event
leads to further ischaemia through compression of capillaries
among nerve fibre bundles due to crowding of the optic nerve
head.12

4.2. Cardiovascular risk factors

Epidemiological studies have evaluated potential associations
between NAION and diseases that are associated with cardiovascu-
lar disease. Diabetes mellitus is a major risk factor in the develop-
ment of NAION17 and is present in nearly 1 in 4 patients.3 In a large
case control study diabetes mellitus was associated with an odds
ratio of 2.7 for the development of NAION.17

The relationship between other diseases and NAION is less
clear. Hypertension may be a risk factor for the development of
NAION in younger patients.3,18 However, other studies have found
no statistically significant difference in the prevalence of hyperten-
sion between patients with NAION and age-matched controls.10

Furthermore, hypertension has even been found to be protective
against NAION in one study.17

There have been conflicting reports on whether ischaemic heart
disease, cerebrovascular disease, and dyslipidaemia are associated
with increased rates of NAION.9,17,19,20 Like hypertension, dyslip-
idaemia has been found to be associated with NAION in younger
patients.21 The odds ratio of having an elevated blood cholesterol
with NAION is 3.3 and this likelihood increases when comparison
is restricted to non-diabetic patients.21 Smoking however is not a
recognised risk factor for the development of NAION.22

4.3. Prolonged surgical procedures, blood loss, and hypotension

NAION may complicate prolonged surgical procedures such as
spinal or cardiac bypass surgery in approximately 0.03–0.1% of
cases. In these settings NAION is frequently bilateral and simulta-
neous and results from a combination of hypovolaemia, hypoten-
sion, haemodilution, face-down positioning, and pre-existing
cardiovascular disease. Frequently the diagnosis is delayed due to
changes in the patient’s mental status post-operatively. NAION
may also be seen in the setting of severe blood loss and hypoten-
sion following trauma.
4.4. Obstructive sleep apnoea

There is a clear association between obstructive sleep apnoea
and NAION. In a case-control study there was evidence of obstruc-
tive sleep apnoea on polysomnography in 71% of patients with
NAION compared to 18% of controls.23 These results are concordant
with a larger case-control study which found that patients with
NAION were significantly more likely to report symptoms of
obstructive sleep apnoea on the Sleep Apnoea scale of the Sleep
Disorders Questionnaire (SA-SDQ) than controls.24 The exact
mechanism by which obstructive sleep apnoea causes NAION is
unknown. However it is postulated that acute surges in blood pres-
sure, increased intracranial pressure, and nocturnal hypoxaemia
from apnoeic spells may result in ischaemia or hypoxia at the level
of the optic nerve head.

4.5. Medications

Two medications have been implicated in the development of
NAION – PDE5 inhibitors and interferon-alpha.

There have been several case reports, including a rechallenge
case report,25 describing NAION in users of PDE5 inhibitors. These
medications facilitate penile erection by potentiating the smooth
muscle relaxant properties of nitric oxide in the corpus caverno-
sum by preventing the breakdown of cyclic GMP (cGMP). It is
hypothesised that the mild hypotensive effect of PDE5 inhibitors
accentuates physiological nocturnal hypotension resulting in
ischaemia of the optic nerve head and a compartment syndrome
in a susceptible disc-at-risk.26 An alternative explanation is that
these medications reduce optic nerve head perfusion or disrupt
autoregulation by potentiation of nitric oxide.26 However to date
the incidence of NAION in users of PDE5 inhibitors has not ex-
ceeded that of the general population. In a retrospective cohort
study of male veterans aged 50 years and older the relative risk
of NAION in men prescribed a PDE5 inhibitor was only 1.02 (95%
confidence interval 0.92 to 1.12).27

Interferon-alpha may cause NAION through the deposition of
immune complexes in the optic disc circulation resulting in the
development of a bilateral, sequential NAION in some patients.28,29
4.6. Cataract surgery

Patients who develop NAION following cataract extraction in
one eye are at a significantly greater risk of developing NAION in
the fellow eye if cataract extraction is subsequently performed in
that eye.30 It has been reported that the risk of NAION in the sec-
ond eye may be as high as 50% if the first eye developed NAION
after cataract extraction.31 In another study cataract extraction in
the fellow eye increased the risk of NAION occurrence in the fellow
eye by 3.6 times (P = 0.001).30 In this study 9 of 17 NAION patients
(53%) who underwent cataract extraction in the fellow eye devel-
oped fellow eye NAION, compared to 59 of 308 NAION patients
(19%) who did not undergo cataract extraction in the fellow
eye.30 The exact mechanism by which cataract surgery may precip-
itate NAION is not known and some authors believe the data do not
support a causal relationship.32

4.7. Genetic predisposition

There have been reports of familial NAION suggesting that ge-
netic factors may be involved in the development of NAION.33–36

In a study of six affected individuals from a single pedigree the
G4132A mitochondrial variation was found in all six affected
family members but none of 1,585 control subjects.34 In this
family all affected members were male and there was no evidence
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of male-to-male transmission which would further suggest the
involvement of a mitochondrial gene.34 Alternatively this pattern
of inheritance may be explained by an X-linked gene.34 Supporting
the role of mitochondrial malfunction is a study that sequenced the
entire mitochondrial DNA coding region in 19 patients with NAION
and 100 controls.37 The authors found that synonymous and
nonsynonymous nucleotide changes were significantly more com-
mon in NAION patients compared to controls (P < 0.001).37 Inter-
estingly four of the mitochondrial mutations identified have been
reported in patients with Leber hereditary optic neuropathy
(LHON).38

Other studies have investigated genetic predisposition to
thrombosis. In a study of 61 patients with NAION, no association
was found between NAION and protein C, protein S, antithrombin
III, lupus anticoagulant, or three prothrombotic polymorphisms- –
factor V G1691A, factor II G20210A, and methylenetetrahydrofo-
late reductase (MTHFR) C677T.20 However, in a second study by
the same authors the presence of a platelet glycoprotein polymor-
phism (the VNTR B allele of glycoprotein Ib-alpha) was found to
confer a significant risk for NAION and predispose affected patients
to second eye involvement.39

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is one
of the most common human genetic abnormalities and has been
shown to be protective against ischemic heart, cerebrovascular dis-
ease, and retinal vein occlusion. It has recently been discovered
that G6PD deficiency is also protective against NAION.40 The mech-
anism by which G6PD deficiency confers protection is unknown.40

Human leukocyte antigen (HLA) class may be a predisposing
factor. In one study HLA-A29 was found to be a risk factor for the
development of NAION.41
4.8. Prothrombotic states

There have been reports of NAION occurring in patients with
prothrombotic risk factors such as hyperhomocysteinaemia, lupus
anticoagulant, anticardiolipin antibodies, factor V Leiden muta-
tions, and deficiencies in protein C, protein S, and antithrombin
III.20,42–47 However, as yet routine thrombophilia screening in pa-
tients presenting with NAION is not indicated.

5. Pathophysiology

The exact pathophysiology of NAION is unclear and highly con-
troversial. It is generally accepted that the site of the infarction is
located in the retrolaminar portion of the optic nerve head which
is supplied by the short posterior ciliary arteries (SPCAs) as this
has been demonstrated histologically.48 Doppler studies have also
corroborated these findings by showing reduced blood flow in the
SPCAs.49 The location of impaired blood flow has been further re-
fined by fluorescein and indocyanine green angiographic studies.
These studies demonstrate delayed optic disc filling without
impairment of the choroidal circulation suggesting that the vascu-
lopathy is located in the para-optic branches of the SPCA after their
branching from the choroidal branches rather than in the short cil-
iary arteries themselves.50,51

There is also agreement that the final common pathway leads
to a compartment syndrome with axonal oedema occurring in
a structurally crowded optic disc12 and subsequent axonal
degeneration and loss of retinal ganglion cells via apoptosis.52

However, the mechanisms that lead to the axonal oedema
remain controversial and unsubstantiated. Theories that have
been suggested include a reduction in blood flow from a combi-
nation of nocturnal hypotension,53 impaired autoregulation of
the microvascular supply,54 vasculopathic occlusion, and venous
insufficiency.55
5.1. Nocturnal hypotension

It has been suggested that nocturnal hypotension, in the pres-
ence of other vascular risk factors, may reduce optic nerve head
blood flow below a critical level leading to ischaemia of the optic
nerve head. This may be important as oral hypotensive therapy
may aggravate nocturnal hypotension, especially when adminis-
tered before bed.53 However, in a case-control study of 24 patients
with NAION and 24 control subjects matched for age, gender, med-
ical diagnoses, and medications there was no statistically signifi-
cant difference in blood pressure on ambulatory diurnal blood
pressure monitoring.56 Although patients with NAION did have a
less steep and more irregular rise of blood pressure on awakening
in the morning.56

5.2. Impaired autoregulation

The human optic nerve head exhibits efficient blood flow auto-
regulation, probably due to an increase in vascular capacitance.57

However various diseases impair these autoregulatory mecha-
nisms.53 For example, in systemic hypertension these autoregulato-
ry mechanisms may be lost.53 Additionally humoral mechanisms
may result in vasospasm leading to transient impairment of blood
flow.54 Hayreh et al. showed that in atherosclerotic monkeys sero-
tonin produced transient occlusion or delayed filling of the poster-
ior ciliary artery and/or central retinal artery in 9 eyes of 9
animals.54 This is supported by human studies showing proximal
constriction of retinal arterioles in 19 of 28 eyes (68%) with NAION
compared to only 11 of 206 control eyes (5%).58 One potential
humoral factor is endothelin-1 (ET-1).59 Animal studies have
shown that intravenous administration of ET-1 causes a reduction
in optic nerve head blood flow and that this is reversed with the
administration of a calcium channel blocker.59

5.3. Vasculopathic occlusion

Diseases such as diabetes mellitus, hypertension, and dyslipida-
emia may predispose to occlusion of the microvasculature supply-
ing the optic nerve head; however, histopathological studies have
failed to confirm this.

5.4. Venous insufficiency

It has been suggested that NAION results from venous insuffi-
ciency secondary to closure of the tributary venules that receive
blood from the optic nerve capillaries and drain into the central
retinal vein.55 This theory is based on the observed differences
between NAION and arteritic anterior ischaemic optic neuropathy
(AAION), the latter being well recognised to result from arterial
insufficiency due to occlusion of the posterior ciliary arteries.
AAION results in severe visual loss and pale optic disc swelling
whereas NAION causes variable visual loss and hyperaemic disc
swelling. Furthermore, the morphology of the NAION infarct is
not consistent with the vascular bed of any known artery60 and
known arterial risk factors such as ischaemic heart disease, cere-
brovascular disease, and smoking are not recognised risk factors
for NAION.55

Neuroimaging modalities may allow further investigation of
this hypothesis. If NAION is precipitated by venous disease, then
the anterior optic nerve would demonstrate imaging characteris-
tics of venous infarction, not arterial infarction in the acute
phase. In venous occlusion, cytotoxic oedema is rapidly followed
by vasogenic oedema.61 In arterial infarction there is primarily
cytotoxic oedema. Vasogenic oedema can be differentiated from
cytotoxic oedema by a greater apparent diffusion coefficient on
MRI.62
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High-resolution imaging of the apparent diffusion coefficient in
the small volume of the optic nerve is currently impractical but
should be possible in future years with higher field strength mag-
nets and improved techniques.

6. Differential diagnosis

6.1. Arteritic anterior ischaemic optic neuropathy

It is important that NAION is differentiated from AAION (Table
3) due to the propensity of the latter to cause profound bilateral vi-
sual loss without expeditious systemic corticosteroid treatment.
Unlike NAION, which is not uncommon in patients under the age
of 60 years, AAION almost exclusively affects patients 60 years of
age or older. AAION typically presents with sudden, profound, vi-
sual loss and may become bilateral over hours to days; usually in
the setting of delayed diagnosis. In AAION amaurosis fugax may
precede visual loss in approximately 7–18% of patients63 and the
majority of patients will have systemic symptoms of giant cell
arteritis (GCA). The main symptom is headache and is present in
two-thirds of patients. It is characteristically temporal in location
although it may be frontal, parietal, or occipital. The temporal ar-
tery is frequently tender and classically patients report pain asso-
ciated with hair brushing. Jaw claudication is highly specific for
GCA and is described as a muscular cramping that increases with
continued chewing or talking and is relieved by rest. Claudication
may also affect the muscles of the tongue. Approximately 40–
60% of patients with GCA will have symptoms of polymyalgia
rheumatica (PMR) – proximal muscle pain and stiffness that is
characteristically worse in the morning, arthralgia, night sweats,
weight loss, anorexia, fatigue, and malaise. However, approxi-
mately 20% of patients with biopsy proven GCA will have no symp-
toms other than visual loss, therefore the absence of systemic
symptoms does not rule out the diagnosis of AAION.

On examination there is usually profound visual loss. In 60–80%
of patients visual acuity in the affected eye is less than 6/60 and
20% have no light perception.5,9,64 The classic finding on fundos-
copy is a pale ‘‘chalky white” swollen optic nerve head. Nerve fibre
layer haemorrhages are not uncommon as are cotton wool spots.
Cilioretinal artery occlusion may be present in up to 21% of cases.65
Table 3
Comparison of NAION and other common optic neuropathies

NAION AAION Compre
neuropa

Patient
demographics

Typically occurs in patients
40–60 years of age

Typically occurs in patients
60 years of age or older

May oc

Symptoms Sudden monocular
visual loss

Sudden painless visual loss
Initially unilateral but may

Slowly
loss

Mild ocular pain or
discomfort

rapidly become bilateral
May be preceded by

amaurosis fugax
Symptoms of giant cell

arteritis

Signs Variable visual loss Profound visual loss Reduce
Reduced colour vision
Visual field defect (typically

Pale (‘‘chalky white”) optic
disc swelling

Visual fi
Normal

inferior altitudinal)
Diffuse or segmental disc

Flame-shaped
haemorrhages

optic

swelling
Flame-shaped

haemorrhages
Small or absent

physiological cup in the
fellow eye

Progressive cupping
following resolution of
oedema

Small c
shunt
optic

Proptos

AAION = Arteritic anterior ischaemic optic neuropathy, NAION = non-arteritic anterior is
6.2. Optic neuritis

Optic neuritis typically affects younger patients and is associ-
ated with pain on eye movement. However, it should be remem-
bered that 12% of patients with NAION will report pain or
headache.1 The majority of patients with optic neuritis have a ret-
robulbar neuritis and therefore do not have disc swelling. When
optic disc swelling is present in optic neuritis the swelling is more
diffuse whereas in NAION segmental optic disc swelling is more
common.

6.3. Compressive optic neuropathy

Compressive optic neuropathy may mimic NAION. Unlike
NAION the onset of visual loss tends to be slowly progressive.
However, some patients may suddenly notice the visual loss in
one eye leading to potential confusion with NAION. The optic nerve
head more commonly appears pale rather than swollen. Other fea-
tures which suggest a compressive process include proptosis and
optociliary shunt vessels around the optic disc (small vessels that
shunt blood from the retinal circulation to the choroidal circula-
tion). However, if the optic nerve is compressed close to the poster-
ior aspect of the globe (such as often occurs in optic nerve
meningiomas) then optic nerve swelling may be present. In these
circumstances, the optic nerve swelling may be monitored. If the
optic nerve swelling does not resolve within weeks then the pa-
tient should undergo neuroimaging to evaluate the possibility of
an underlying compressive lesion.

6.4. Amiodarone optic neuropathy

Amiodarone optic neuropathy should also be considered in
the differential diagnosis. The diagnosis of amiodarone optic
neuropathy is a clinical one. Amiodarone may produce bilateral
insidious visual loss with optic disc swelling that may persist for
months despite withdrawal of the drug. In contrast, NAION is
characterised by acute unilateral visual loss with resolution of
discoedema over several weeks. However, unilateral cases of
amiodarone optic neuropathy have been reported. Patients with
unilateral disc oedema should be evaluated for atypical features
ssive optic
thy

Amiodarone optic
neuropathy

Optic neuritis

cur at any age May occur at any age in
patients taking amiodarone

Typically occurs in patients
18–45 years of age

progressive visual Insidious onset unilateral or
bilateral visual impairment

Loss of vision over hours to
days

Pain on eye movement
Focal neurologic symptoms
Symptoms may be worse

with exercise or increased
body temperature

d visual acuity Reduced visual acuity Subtle to profound visual
eld defect

, swollen, or pale
Visual field defect
Bilateral optic disc swelling

loss
Decreased colour vision

disc Visual field defects
Optic disc swelling (morehoroidal-retinal

vessels around the
disc
is

common in children)
Normal optic disc (more

common in adults)
Posterior vitreous cells

chaemic optic neuropathy.
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of NAION such as insidious onset of symptoms, relatively mild
optic nerve dysfunction, and a generous cup-to-disc ratio in the fel-
low eye. The presence of a crowded fellow disc is so characteristic
of NAION that its absence should cast some doubt on the diagnosis.
Systemic symptoms consistent with amiodarone toxicity increase
the suspicion that the patient’s optic neuropathy is secondary to
amiodarone. Finally, prolonged duration of disc oedema that does
not resolve is not typical for NAION and should suggest another
underlying pathology.66,67

The exact cause of the optic neuropathy is not known. Lipid
inclusions characteristic of amiodarone have been found in a histo-
pathologic study of the optic nerve in a patient treated with amio-
darone.68 Intraneuronal accumulation of this material may lead
directly to axonal swelling or, alternatively, deposition in glial cells
with subsequent swelling of these cells may secondarily obstruct
axonal transport.
7. Investigations

The diagnosis of NAION is predominately clinical and no specific
investigations are required to confirm the diagnosis. However, in
younger patients it can be difficult to differentiate the 12% of pa-
tients with NAION who experience pain from patients with optic
neuritis. In this situation MRI can be helpful as the optic nerve is
frequently normal with NAION in contrast to optic neuritis. In
one study optic nerve abnormalities were present on MRI in 31
of 32 patients with optic neuritis compared to only 5 out of 32 pa-
tients with NAION.69 Other findings on MRI in NAION include a
small optic nerve and chiasm volume compared to normal subjects
which may reflect axonal loss.70

Visual evoked potentials (VEP) may also assist in the differenti-
ation of NAION from optic neuritis. In NAION VEP amplitude is re-
duced while latency is normal.71 This is in comparison to optic
neuritis where latency is increased.72 Furthermore in optic neuritis
the uninvolved eye is frequently abnormal. There are also differ-
ences in the N95 component of the pattern electroretinogram. In
ischaemic optic neuropathy the N95 amplitude is decreased
whereas in optic neuritis N95 latency is decreased.72
8. Management

Currently there is no effective treatment for NAION. Optic nerve
decompression surgery has been investigated however the results
have been disappointing. The IONDT study was a randomized, sin-
gle-masked, multicenter trial that investigated the safety and effi-
cacy of optic nerve decompression surgery compared with careful
follow-up alone in patients with NAION. While the study was
underpowered to determine whether progressive NAION benefited
from such intervention, it did establish that the non-progressive
form did not.73 The authors concluded that ‘‘optic nerve decom-
pression surgery for NAION was not effective, may be harmful,
and should be abandoned.”74

Also based on the assumption that NAION is a scleral outlet
compartment syndrome, transvitreal optic neurotomy has been
trialled in an attempt to relax the scleral ring and reduce constric-
tion of salvageable but underperfused nerve fibres. In a non-
masked, non-randomized study of optic neurotomy in patients
with severe vision loss from NAION there was visual improvement
in six of seven patients.75 However, due to the design of this study
it was not possible to discern whether visual improvement was the
consequence of surgery or simply the natural history of the dis-
ease. In a subsequent randomised clinical trial comparing optic
neurotomy to observation alone there was improvement in visual
acuity in six of eight patients treated with optic neurotomy com-
pared to one of eight patients who were observed.76 However
baseline visual acuity was significantly lower in cases compared
to controls and this may be a significant source of bias.76

Various medical therapies for NAION have been investigated
including systemic corticosteroids, anticoagulants, antiplatelet
agents, diphenylhydantoin, and levodopa.77 To date none of these
treatments have been found to be effective.77 Brimonidine,78–81

oestrogen,82 and citicoline83 have been trialled as neuroprotective
agents however the results have been poor. Visual Restoration
Therapy (VRT) is a computer technique that claims to stimulate
areas of residual vision in patients with visual field defects. The
benefit of such treatment remains highly controversial and more
studies are necessary to evaluate its efficacy.84,85

9. Prognosis

Over 6 to 12 weeks the optic disc swelling subsides leaving a
pale and atrophic optic disc. Unlike AAION there is no significant
enlargement of the cup-to-disc ratio.86 In a longitudinal study of
the natural history of NAION there was improvement in 41% of pa-
tients who had a visual acuity of 6/21 or better at presentation.4

The prognosis for visual recovery is better for patients less than
50 years of age.10 Although it should be remembered that apparent
improvements in visual acuity may simply be an adaptation to the
visual field defect or eccentric fixation.9

The risk of recurrence in the same eye is approximately 3–8%
over three years87 while the risk of involvement in the contralat-
eral eye is between 15–24% over 5 years. The risk is greater for pa-
tients with diabetes or a baseline visual acuity of 6/60 or worse in
the first eye.88

It is unclear whether aspirin reduces the risk of second eye
involvement. In one retrospective study aspirin reduced the risk
of second eye involvement by 37% at 2 years.89 However another
study found no significant difference at 5 years.90

10. Conclusion

NAION is an important cause of acute visual loss in the middle-
aged and elderly populations. Multiple medical and surgical treat-
ments have been investigated; however to date the results have
been disappointing primarily because of the lack of understanding
of the underlying pathophysiology. Application of improved neuro-
imaging modalities may allow a greater understanding into the
underlying pathophysiology of NAION. Further areas of research
should focus on the mechanisms of neurodegeneration following
ischaemic injury to the optic nerve head and potential for neuro-
protection strategies.
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Giant cell arteritis (GCA) is an immune-mediated vasculitis affecting individuals over 50 years of age. It is
characterised by granulomatous inflammation that affects medium-sized and large arteries. The wide
spectrum of clinical manifestations can be divided into those related to tissue ischemia from vascular
lesions and those related to a systemic inflammatory response. The pathogenesis of these groups also
appears distinct, with vascular lesion formation thought to be an adaptive immune response, and the sys-
temic inflammatory reaction an innate immune response. Clinical suspicion of GCA must remain espe-
cially high in those with neurological or visual symptoms and if warranted, prompt treatment with
high-dose corticosteroids is invaluable in halting disease progression.
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1. Introduction

Giant cell arteritis (GCA), also known as temporal arteritis or
granulomatous arteritis, is a systemic inflammatory vasculitis that
affects medium-sized to large arteries. Arterial wall inflammation
leads to luminal occlusion and tissue ischemia, which cause the
clinical manifestations of this vasculitis. Susceptible sites include:
the vascular bed of the cranial nerves, optic nerve, masseter mus-
cles, and the posterior circulation of the central nervous system.
Involvement can extend to the aorta and its primary and secondary
branches, including the subclavian and axillary arteries, which
leads to upper-extremity ischemia.

A closely related entity, polymyalgia rheumatica, is a systemic
inflammatory disease that manifests as myalgias of the neck,
shoulder, and pelvic girdle. Giant-cell arteritis and polymyalgia
rheumatica frequently occur together in the same patient. Whereas
the diagnosis of giant-cell arteritis can be proven by temporal ar-
tery biopsy, no pathognomonic test is available for polymyalgia
rheumatica.

Vision loss is a frequent complication of GCA, and once it occurs
it tends to be both permanent and profound. This is typically the
result of arteritic anterior ischemic optic neuropathy (AAION), an
infarction of the optic nerve head secondary to inflammation of
the wall of the posterior ciliary arteries.

2. Epidemiology

Giant cell arteritis is the most frequent primary vasculitis,1 pre-
dominantly affecting Caucasian people2 over 50 years of age, with
ll rights reserved.

4.
.V. Danesh-Meyer).
women affected at least twice as often as men.3 Its overall inci-
dence is 15 to 25 per 100 000/year in individuals over the age of
50 years;4 however, incidence increases with age: from 2.3 per
100 000/year among patients in their sixth decade of life, to 44.7
per 100 000/year among patients in their ninth decade and older.5,6

GCA is more frequent among people of Scandinavian and Northern
European descent, irrespective of their place of residence.6–8 This,
along with reports of concordance with monozygotic twins9 and
familial clustering,10 suggests an inherited component to the
disease.

Some studies have found an association with HLA-DR4 haplo-
type and 60% of patients express the B1*0401 or B1*0404/8 variant
of the HLA-DR4 haplotype.11 These alleles appear to be a strong
risk factor for disease and a marker for steroid resistance in some
populations.12 The intercellular adhesion molecule 1 (ICAM-1)
genes may also predispose to GCA.13 ICAM-1 is strongly expressed
in the inflammatory infiltrate of the temporal artery in GCA and G/
R 241 polymorphisms in the ICAM-1 gene are associated with GCA
susceptibility.13

3. Clinical features

GCA has a wide spectrum of clinical manifestations related to
either tissue ischemia from vascular lesions, or systemic inflamma-
tion. Due to the wide spectrum of symptoms, patients may not
spontaneously offer the necessary information, making direct and
specific questioning imperative when there is suspicion of GCA.

3.1. Medium-vessel symptoms

Arteritis often occurs in the carotid arteries and their branches,
such as the superficial temporal, occipital, ophthalmic, posterior

http://dx.doi.org/10.1016/j.jocn.2009.05.002
mailto:h.daneshmeyer@auckland.ac.nz
http://www.sciencedirect.com/science/journal/09675868
http://www.elsevier.com/locate/jocn


Table 1
Ocular symptoms and causes of visual loss in 85 patients with giant cell arteritis
(Adapted from Hayreh et al.30)

Symptoms/causes Presence (%)

Symptoms
1. Amaurosis fugax 30.6
2. Visual loss 96.9
3. Diplopia 5.9
4. Eye pain 8.2
Causes
1. Anterior ischemic optic neuropathy 81.1
2. Central retinal artery occlusion 14.1
3. Cilioretinal artery occlusion 21.8
4. Posterior ischemic optic neuropathy 7.1
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ciliary and vertebral arteries. Headaches that are new and severe
are thus common in two-thirds of patients. Their location is char-
acteristically temporal, although they may be frontal, parietal, or
occipital.14 Scalp tenderness, or direct temporal artery tenderness,
should also heighten suspicion of GCA and patients often report
pain associated with brushing their hair. Jaw claudication, related
to reduced blood flow to the masseter and temporalis muscles, is
highly specific for GCA and is described as a cramping that in-
creases with continued mastication or speech that is relieved by
rest of these muscles.15 Care must be taken to differentiate jaw
claudication from other causes of temporomandibular joint dis-
comfort that are not ischemic in origin. Less frequent are symp-
toms related to ischemia of the tongue, face or neck.16

3.2. Large-vessel symptoms

The pattern of large-vessel arteritis, predominantly affecting the
subclavian and axillary arteries, has been increasingly recogni-
sed.17 Associated symptoms include aortic arch syndrome with
claudication in the arms, absent or asymmetrical pulses and blood
pressure readings, peripheral paresthesias, and occasionally tissue
gangrene.18 There is often a lack of medium-vessel cranial symp-
toms, which may complicate the diagnosis. Aortic involvement is
often clinically silent, but can lead to arterial dilatation and aneu-
rysm formation.19

3.3. Systemic symptoms

The systemic inflammatory component of GCA delivers symp-
toms of joint stiffness, fever of unknown origin, night sweats, anor-
exia and progressive weight loss.20

3.4. Polymyalgia rheumatica symptoms

Polymyalgia rheumatica (PMR) is characterised typically by
bilaterally severe aching pain and morning stiffness in the neck,
shoulder and pelvic girdles. The shoulders are more frequently in-
volved than the neck and pelvis and morning stiffness usually lasts
30 minutes or longer. A systemic inflammatory response including
low-grade fever, weight loss, anorexia and malaise can occur in up
to 40% of patients, far fewer than seen in GCA.21 PMR occurs in the
same population as GCA, but is two to three times more common.22

They are closely related conditions and about 40% of those with
GCA have concurrent PMR, whereas 10% of those initially diag-
nosed as PMR have histological evidence of GCA. Given that each
disease affects similar populations, shows a similar increase in
acute-phase reactants and has a rapid response to glucocorticoids,
GCA and PMR might be different manifestations of the same under-
lying disease process.21,23

3.5. Neurological involvement

Neurological manifestations occur in about 30% of patients, of
which 14% consist of neuropathies, including mononeuropathies
and peripheral polyneuropathies of the upper or lower extremi-
ties.24,25 Less common (3–4%) are transient ischemic attacks, and
strokes cause by severe obstruction or occlusion of the internal car-
otid or vertebral arteries.26 Inflammation of intracranial or intradu-
ral arteries is rare.27

3.6. Ocular involvement

There is significant overlap between neurological manifesta-
tions and ocular involvement. The range of ocular involvement is
wide and its incidence is between 14% and 70%.28,29 Hayreh et al.
reported a 50% incidence of ocular involvement in a cohort of
170 GCA patients, with a breakdown of various visual symptoms
and causes of visual loss (Table 1).30 The ocular signs and symp-
toms of GCA are critical to recognize because, if left untreated, they
can lead to irrevocable blindness. Visual symptoms include tran-
sient or permanent visual blurring or loss in one or both eyes,
and diplopia. Other rarer presentations include visual hallucina-
tions and photopsia (usually before visual loss), pupillary distur-
bances, orbital ischemia and ocular pain. Ocular involvement
without the presence of other GCA symptoms, or occult GCA, oc-
curs in between 5% and 38% of patients and thus must be included
in the differential diagnosis of an elderly patient with transient or
permanent visual loss or diplopia, even when the patient has no
other tissue ischemia or systemic symptoms.31

3.6.1. Permanent visual loss
Permanent visual loss, which is usually severe and can be bilat-

eral in up to one-third of patients,32 is typically the result of ische-
mic optic neuropathy, retinal or choroidal ischemia, or rarely
occipital infarction.30

AAION is the most common ocular manifestation in GCA,
responsible for 78% to 99% of visual loss.31,33 Patients typically
present with sudden, painless and profound unilateral visual loss;
however, bilateral involvement may occur over hours to days, usu-
ally in the setting of delayed diagnosis.

On examination there is usually profound visual loss. In 60% to
80% of patients, visual acuity in the affected eye is less than 6/60
and 20% have no light perception.31,34,35 The classic finding on fun-
doscopy is a pale ‘‘chalky white” swollen optic nerve head. Nerve
fibre layer hemorrhages are not uncommon. There may be cotton
wool spots and an associated cilioretinal artery occlusion in up to
21% of patients.36

Involvement of the short posterior ciliary arteries results in
infarction of the laminar or retrolaminar portion of the optic nerve
head.37 This is followed by progressive liquefaction of the retrola-
minar optic nerve head over 4 to 8 weeks, leading to fibrosis by
4 months.37 These optic nerve head changes are associated with
retrograde degeneration of retinal ganglion cell bodies in the retina
with preservation of the other retinal layers and anterograde
degeneration in the optic chiasm resulting in axonal loss and
demyelination.38 Serial examination of the optic nerve head re-
veals significant excavation and enlargement of the optic cup fol-
lowing AAION secondary to GCA.39 The end-stage optic disc
appearance is a pale and cupped optic nerve head. AAION is at
times difficult to distinguish from non-arteritic anterior ischemic
optic neuropathy (NAION). AAION patients may have other sys-
temic features of GCA, and are usually older with more severe vi-
sual loss. While bilateral simultaneous AAION is common, NAION
is generally unilateral or affects eyes sequentially. Ophthalmo-
scopic findings also differ, with a hyperemic optic disc swelling
in NAION patients rather than the pale swelling seen in AAION.
While cupping and pallor of the optic nerve head occurs in most



Table 2
The American College of Rheumatology 1990 criteria for the classification of giant cell
arteritis66

The presence of three or more of the following criteria is required for the
diagnosis of giant cell arteritis:

1. Age of onset greater than 50 years
2. Onset of new headache
3. Temporal artery abnormality (tender or reduced pulsation)
4. Elevated erythrocyte sedimentation rate, defined as 50 mm/h using the

Westergren method
5. Abnormal arterial biopsy – showing necrotizing vasculitis with predominant

mononuclear cell infiltration or granulomatous inflammation
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patients with AAION following resolution of the optic disc swelling,
only segmental pallor but no cupping is evident in NAION.40

Retinal artery occlusion is a less common cause of visual loss in
GCA, affecting 10% to 13% of those with ocular involvement. The
central retinal artery is most commonly affected; however, branch
retinal and cilioretinal artery occlusion has been described.41 GCA
must therefore be excluded in patients over the age of 50 present-
ing with retinal artery occlusion without evidence of embolic
occlusion on fundoscopy.

Posterior ischemic optic neuropathy is a less common cause of
visual loss in GCA caused by infarction of the retrobulbar optic
nerve. This portion of the optic nerve is supplied intraorbitally by
the pial plexus, and intracranially by branches of the internal car-
otid, anterior cerebral, and anterior communicating arteries. Clini-
cal features that suggest this are profound decrease in visual
acuity, a relative afferent papillary defect, and no evidence of optic
nerve head swelling.

3.6.2. Transient visual loss
Transient visual loss has been reported in 2% to 30% of patients

with GCA.30 Unilateral transient visual loss (amaurosis fugax) due
to reduced ocular blood flow is much more common than the bilat-
eral transient visual loss resulting from posterior circulation ische-
mia.42,43 Patients of the appropriate age who present with
amaurosis fugax without signs of retinal emboli warrant rapid
exclusion of GCA as this can precede permanent visual loss from
ischemic optic neuropathy or central artery occlusion in about 7%
to 18% of patients.44

3.6.3. Diplopia
Ischemia of extraocular muscles, ocular motor nerves or the

brainstem may be responsible for diplopia and ocular motor imbal-
ance, transient or constant, in 2% to 15% of GCA patients. The occu-
lomotor (III) nerve is thought to be most commonly involved, often
sparing the pupil; however, involvement of the trochlear (IV) and
abducens (VI) nerves has been reported.30,45

4. Etiology and Pathogenesis

While the exact etiology of GCA is unknown, a variety of infec-
tious agents have been suggested as potential immune triggers for
the disease, including herpes virus, parainfluenza virus, cytomega-
lovirus, parvovirus B19, chlamydia and mycoplasma.46–49 There is
little doubt that immune-mediated processes factor in the patho-
genesis of GCA, and both the adaptive and innate immune systems
have been implicated.50

4.1. The adaptive immune response

Inappropriate activation of the adaptive immune system by
dendritic cells is thought to cause the vascular lesions seen in
GCA.50–52 Immature dendritic cells normally inhibit T-cell activa-
tion in the perivascular space, but upon activation they attract both
T-cells and macrophages to the vessel wall via the vasa vasorum. In
the adventitial layer, selective clonal expansion of CD4+ T cells
leads to the release of cytokines such as interferon gamma (IFN-
c), which recruit macrophages into the vessel wall to form a prom-
inent granulomatous reaction.53–55 The effect of the macrophages
depends on their location within the arterial wall56 and they may
cause a pro-inflammatory effect in the adventitia, oxidative
destruction in the media,57 and hyperplasia in the intima.58 The
course of the inflammation in the vessel wall depends on the type
of T-cell differentiation. If selection is toward high IFN-c release,
marked intimal hyperplasia, tissue ischemia and luminal occlusion
is more likely.59 If there is bias toward low IFN- c and high inter-
leukin-2 levels, vasculitis will evolve without luminal occlusion.
4.2. The innate immune response

The acute-phase response mediated by the innate immune sys-
tem is responsible for the systemic inflammatory component of
GCA. Acute-phase responses are systemic reactions to severe stress
and injury and are generated via a cascade of signals, with interleu-
kin-6 being critical by stimulating the production of acute-phase
proteins in the liver.60,61 Circulating monocytes are a major source
of interleukin-6; however, the mechanism and site of monocyte
activation in GCA are unknown.62

5. Histopathology

Histologically GCA is characterised by granulomatous inflamma-
tion affecting all layers of medium-sized and large arteries that have
an internal elastic lamina.63 The inflammatory infiltrate is composed
of activated CD4+ T cells, macrophages, and giant cells.64 Although
not necessary for a diagnosis of GCA, when present, multinucleated
giant cells are usually close to a fragmented internal elastic lamina.
Luminal stenosis or occlusion may be visualised due to intimal
hyperplasia and subsequent mural thickening secondary to myofi-
broblast migration and proliferation.65 The disease has a varied tem-
poral and spatial course, thus segments of uninvolved regions
adjacent to areas of inflammation, or ‘‘skip lesions”, are common.

6. Diagnosis

There is no single clinical symptom, sign or laboratory test spe-
cific for GCA.15 In 1990, the American College of Rheumatology
(ACR) formulated classification criteria that were effective in dis-
tinguishing GCA from other forms of vasculitis (Table 2). In a pa-
tient with a diagnosis of some form of vasculitis, the presence of
three of the five criteria was deemed to be 94% sensitive and 91%
specific for the diagnosis of GCA.66 The ACR did not however, take
into account other important factors such as visual symptoms, jaw
claudication, neck pain and raised C-reactive protein.

6.1. Erythrocyte sedimentation rate

Elevation of the erythrocyte sedimentation rate (ESR) is a non-
specific indicator of inflammation and is increased in malignancy,
infection, connective tissue disorders, trauma, anemia and hyper-
cholesterolemia. While a significant elevation of the ESR is often
present in GCA, it may be ‘‘normal” in up to 17% of diagnosed cases,
and thus cannot be used to exclude GCA.67 The upper limit for a
normal ESR is thought to increase with age and has been defined
as the age divided by two for men, and the age plus 10 divided
by 2 for women.68 In most GCA patients with ESR elevation, it
can be used accurately to monitor disease activity.69

6.2. C-reactive protein

C-reactive protein (CRP) is an acute-phase protein released by
hepatocytes in response to inflammation. An elevated CRP has a



1266 S.S.L. Chew et al. / Journal of Clinical Neuroscience 16 (2009) 1263–1268
specificity of up to 97.5% in patients with GCA, and may be ele-
vated in the presence of a normal ESR.70 While it is more sensitive
than an elevated ESR (76–86%), when both tests are used in con-
junction, the sensitivity is increased to over 99%.70 In contrast to
ESR, CRP has an accurately defined normal range (<5 mg/L) that
does not vary with age or sex, and its use in disease monitoring
is less well documented.

6.3. Full blood count

Thrombocytosis has been positively correlated with biopsy-pro-
ven GCA and remains an important marker for GCA.71,72 In fact, an
elevated platelet count (>400 � 103/L) may be even more specific
than both ESR and CRP in the diagnosis of GCA.73 About 20% to
50% of patients with GCA will also have a normocytic normochro-
mic anaemia.74

6.4. Other laboratory tests

Elevated plasma viscosity, fibrinogen, complement, interleukin-
6 (IL-6) and a2-and b-globulins have been found in GCA.75,76 IL-6
may be more sensitive than ESR in indicating disease activity.77

Abnormal liver function tests, in particular raised alkaline phos-
phatase, may occur in up to one half of patients with GCA.78

Anti-cardiolipin antibodies are often raised in GCA and during re-
lapses. Unlike ESR and CRP, they do not increase in non-GCA-asso-
ciated inflammation.79

6.5. Temporal artery biopsy

Temporal artery biopsy (TAB) is the gold standard for the diag-
nosis of GCA and should be performed on all patients in whom the
diagnosis of GCA is suspected. Histological confirmation is recom-
mended since long-term corticosteroid treatment is not without
complications.80 However, organisation of the TAB should never
delay the instigation of treatment. Optimally, TAB should be per-
formed within one week of initiating systemic corticosteroids;
however, histological evidence remains up to six weeks following
treatment.81 To avoid a false negative result due to skip lesions, a
minimum length of 20 mm should be obtained. It should be
remembered that the temporal artery can contract substantially
after excision and before tissue fixation.82 In study of 37 negative
and 7 positive biopsies for GCA the mean contraction was 12%
for positive specimens and 22% for negative specimens.82 Overall
the sensitivity of TAB is 87%.83 If the TAB result is negative and
the suspicion of GCA is high, a contralateral TAB should be
performed.83

6.6. Other investigations

Fluorescein angiography is useful in patients with ocular GCA.
Prolonged choroidal and central retinal arterial filling times, and
choroidal non-perfusion or filling defects are suggestive of
AAION.84 Ultrasonography of affected arteries is a useful non-inva-
sive technique to detect changes in the arterial wall associated
with GCA, changes in orbital blood flow, or to track the arterial
course prior to biopsy.85

MRI and positron emission tomography (PET) scanning have
been used successfully to diagnose large-vessel vasculitis and
aortitis.86,87
7. Treatment

The goal of treatment is to prevent ongoing ischemic damage
to other organs in the body. In particular, if the visual loss is
the major symptom, the aim is to halt the progression of visual
loss in the affected eye and prevent involvement of the contralat-
eral eye.

7.1. Systemic corticosteroids

Systemic corticosteroids are the mainstay of treatment. High-
dose corticosteroid treatment provides antioxidant and vasodilato-
ry effects on top of their anti-inflammatory effects.88 Despite this,
it is well recognised that progressive visual loss may occur despite
the early institution of high-dose corticosteroid treatment.36,89

There is no consensus on the correct dose or route of administra-
tion of corticosteroids. Some authors recommend oral prednisone
1 mg/kg while others advocate intravenous methylprednisolone
1 g/daily for a minimum of three days. Improvement of systemic
symptoms usually occurs within 24 to 72 hours after initiation of
therapy, but normalization of ESR may take several weeks.90

Regardless of the initial starting dose, most patients will remain
on oral prednisone 1 mg/kg for a minimum of four weeks after
which time steroids should be tapered on the basis of symptoms
and serial monitoring of inflammatory markers. The rate of steroid
taper is about 10 mg per month initially (or 10% of the total daily
dose every 1–2 weeks), then decreased to 5 mg per month, and
even as low as 1 mg per month, once a dose of 10 or 15 mg per
day is reached.91 Most patients will require treatment for a mini-
mum of one to two years; however, in some cases lifelong treat-
ment is required.90

Relapses are associated with a recurrence of symptoms or a rise
in ESR/CRP. They are most common in the first 18 months, with a
median time of around 7 months.90 Those who experienced strong
systemic symptoms at presentation may have more prolonged cor-
ticosteroid requirements and have more relapses than those with a
weaker acute-phase response.92

7.2. Methotrexate

Several studies have investigated the use of methotrexate as an
adjuvant therapy to corticosteroids for GCA. In a study of 42 pa-
tients with GCA, treatment with prednisone and methotrexate re-
duced the proportion of patients who experienced at least one
relapse (45% vs. 84.2%; p = 0.02) and the proportion of patients
who experienced multiple relapses (p = 0.004) compared to treat-
ment with prednisone alone. The mean cumulative dose of predni-
sone was 4187 ± 1529 mg in the methotrexate group and
5489.5 ± 1396 mg in the placebo group (mean difference,
1302 mg; 95% confidence interval [CI], 350–2253 mg; p = 0.009).
However, a subsequent multicentre, randomised, double-masked
study in 98 patients with biopsy-proven GCA over four years found
no significant difference in treatment failure rates, corticosteroid
dose, inflammatory markers, or treatment toxicity in patients trea-
ted with adjuvant methotrexate therapy compared to placebo.93

This is consistent with a study by Spiera et al. who found that no
corticosteroid-sparing benefit could be attributed to the combina-
tion of methotrexate with corticosteroid therapy for the treatment
of patients with GCA.94
7.3. Infliximab

Infliximab is a chimeric monoclonal antibody against tumor
necrosis factor-alpha which is present in arteries in GCA. In a ran-
domised controlled trial, 44 patients with newly diagnosed GCA
who were in glucocorticosteroid-induced remission were ran-
domly assigned to receive infliximab (5 mg/kg of body weight) or
placebo. This study found that infliximab was of no benefit and
may be harmful.95
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7.4. Aspirin

Thrombosis secondary to inflammation, intimal hyperplasia and
stenosis might be a major contributor to ischemic complications. A
retrospective study of patients with GCA found that overall 11 of
68 patients (16.2%) had an ischemic event while receiving anti-
platelet or anticoagulant therapy compared to 36 of 75 patients
(48.0%) not receiving such therapy (p < 0.0005).96 No increase in
hemorrhagic complications was seen.96 The authors concluded
that antiplatelet agents may reduce the risk of ischemic event in
GCA; however, further studies are needed.

7.5. Other treatments

Azathioprine, cyclophosphamide, dapsone and cyclosporine
have been suggested as possible corticosteroid sparing agents,
although there are no conclusive data at this time.97–99

8. Prognosis

Causes of mortality associated with GCA include cardiovascular,
neurological and gastrointestinal events. Vasculitis of the coronary
arteries may result in myocardial infarction or congestive heart
failure.100 Aortic aneurysm rupture or aortic dissection is possible.
Ischemic brain damage is the second most common cause of GCA-
related death after cardiac disease.101 This may occur by either
inflammatory obstruction of the vertebrobasilar or carotid arterial
systems, embolism or propagation of thrombus from inflamed
arteries to uninflamed arteries. Necrotizing segments of bowel
are uncommon, but can also be fatal.

The prognosis for visual recovery is poor following GCA.
Although improvement in visual acuity has been reported in a
small minority of patients,33 this is likely secondary to eccentric
fixation or learning curve rather than true improvement in useful
vision. Furthermore, visual deterioration occurs in about 27% of
eyes despite high-dose intravenous methylprednisolone.36 The
greatest risk of visual deterioration is in the first six days.36 How-
ever, treatment with intravenous corticosteroids is effective in
reducing the likelihood of fellow eye involvement.31 Without treat-
ment the risk of fellow eye involvement is 54% to 95%.31

9. Conclusion

Giant cell arteritis is a systemic vasculitis with a wide clinical
spectrum, including significant neurological and ocular manifesta-
tions that have devastating consequences. Perhaps one of the most
significant is vision loss secondary to AAION. Clinicians must there-
fore have a high index of suspicion for GCA, especially in the set-
ting of unexplained visual or neurological symptoms. Although
there is no single laboratory test that establishes the diagnosis,
the presence of tissue ischemic and systemic symptoms in associ-
ation with elevated inflammatory markers such as ESR and CRP are
significant criteria that should be used for early detection and
prompt treatment with high-dose corticosteroids. Since this line
of treatment is not without significant complications, biopsy con-
firmation is essential where possible. Future research will no doubt
be focused at developing new corticosteroid-sparing treatment
modalities.
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In Vivo Retinal Nerve Fiber Layer Thickness Measured
by Optical Coherence Tomography Predicts Visual
Recovery after Surgery for Parachiasmal Tumors
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PURPOSE. Restoration of visual function after neurosurgery for
parachiasmal tumors is variable and unpredictable. The current
study was conducted to determine whether in vivo retinal
nerve fiber layer (RNFL) thickness measurements predict the
visual recovery of such patients.

METHODS. Forty patients undergoing surgical resection of para-
chiasmal lesions were prospectively assessed before surgery
with a neuro-ophthalmic examination, involving standard au-
tomated visual field (VF) testing and optical coherence tomog-
raphy (OCT) measurements of RNFL thickness, which was the
prespecified marker for axonal loss. Tests were repeated
within 6 weeks after surgery.

RESULTS. Thinner preoperative RNFL thickness was associated
with worse visual acuity (VA) and VF mean deviation (MD).
Patients with normal preoperative RNFL had significant im-
provement in mean VA after surgery, from 20/40 to 20/25
(P ! 0.028), whereas patients with thin RNFL did not
improve (20/80 to 20/60, P ! 0.177). Eyes with normal
RNFL showed improvement in MD ("7.0 dB before surgery,
"3.5 dB after surgery, P ! 0.0007) unlike eyes with thin
RNFLs, which had no significant improvement after surgery
("15.3 dB before and "13.3 dB after surgery, P ! 0.191).
RNFL thickness increased by 1% after surgery among all eyes
(P ! 0.04). Eyes with severe VF defects (MD ! –10 dB) but
normal preoperative RNFL thickness showed a postopera-
tive improvement in MD of 14.6 dB compared with 1.6 dB
(P # 0.0001) in eyes with thin RNFL before surgery, despite no
difference in MD before surgery (normal RNFL MD, "22.3 dB;
thin RNFL MD, "20.8 dB; P ! 0.7).

CONCLUSIONS. Patients who have objectively measurable RNFL
loss at the time of surgery for chiasmal compressive lesions are
less likely to have return of VA or VF after surgery. (Invest
Ophthalmol Vis Sci. 2008;49:1879–1885) DOI:10.1167/
iovs.07-1127

Optic nerve compression by mass lesions at the optic chi-
asm produces loss of visual acuity (VA), color vision, and

visual field (VF) defects. Although it is well recognized that
visual improvement may occur after surgical excision of a
parachiasmal lesion, this recovery is variable and unpredict-
able.1–10

Previous reports have evaluated a variety of candidate mea-
sures, including duration of symptoms, size of tumor, preop-
erative VA and visual field, and optic nerve head appearance.
However, studies have shown conflicting results. Some studies
have identified as predictive such parameters as age,6,7,9 pre-
operative VA,9 or visual field loss.6,8 Others have demonstrated
no correlation of these variables (age, preoperative VA,6–8 or
visual field loss9) with recovery. Other investigators have con-
sidered the length of a patients’ visual symptoms7 as important
information to determine recovery,9 yet this also been shown
to be unreliable.3,6,8 Studies investigating tumor size and mor-
phologic appearance have also shown conflicting results.5–7

Optic atrophy has been reported by some investigators to
correlate with degree of recovery,7 but the grading and report-
ing of optic nerve pallor is subjective.9 Hence, presently, there
is no reliable predictor of recovery. Methods that would pre-
dict the visual outcome of surgery would be welcome both to
tailor management strategies regarding the timing and neces-
sity of surgery and to counsel patients on their likely ultimate
visual function.

As failure of recovery is a consequence of irreversible dam-
age to retinal ganglion cell axons (RGCs), the type of measure-
ment that is needed would identify anatomic alteration or
dysfunction in RGCs or their axons caused by the chiasmal
disorder.11 Optical coherence tomography (OCT) was devel-
oped to quantify the thickness of the retinal nerve fiber layer
(RNFL) around the optic nerve head and the whole retinal
thickness in vivo by performing cross-sectional imaging of
internal tissue microstructure by measuring the echo time
delay of back-scattered infrared light using an interferometer
and a low-coherence light source. The chief clinical application
of OCT to date has been in examination of retinal disorders.
However, recently, RNFL thinning measured by OCT has been
shown to be topographically related in both location and
severity to decreases in visual field sensitivity in compressive
optic neuropathies, suggesting that OCT provides an objective
measure of RGC axonal presence in normal eyes and their loss
or other alteration in eyes with chiasmal compression.12

These findings stimulated the hypothesis that the presence
of axonal loss quantified by RNFL measurement would be
associated with a diminished chance for visual recovery in
persons with parachiasmal lesions after surgical interven-
tion. The purpose of the present study was to assess pro-
spectively the relation between the degree of axonal loss
before surgery and visual function recovery after surgery,
using RNFL measurement by OCT as the prespecified marker
of axonal loss.
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METHODS

Patients

Forty consecutive patients with chiasmal compression syndromes
were prospectively recruited from the Neuro-ophthalmology and Neu-
rosurgery Departments of the University of Auckland, New Zealand,
and the Wills Eye Institute, Philadelphia, Pennsylvania. The research
adhered to the tenets of the Declaration of Helsinki. The institutional
review committees had approved the research and informed consent
had been obtained. Exclusion criteria comprised unreliable VF testing
($33% false positives, or false negatives, or fixation losses), any ante-
rior segment, retinal, posterior segment, or optic nerve disease other
than compressive optic neuropathy, including known glaucoma, cup-
to-disc ratio asymmetry of greater than 0.2, focal notching, or optic
nerve hemorrhage. In each patient, the presence of a chiasmal lesion
was confirmed by magnetic resonance imaging (MRI). Patients were
excluded from the study if they had undergone any previous radiother-
apy or medical treatment. In the preoperative assessment, all patients
underwent testing of VA, refraction, slit lamp biomicroscopy, applana-
tion intraocular pressure measurement, stereoscopic fundus evalua-
tion, VF testing with a perimeter (Humphrey Visual Field Analyzer 2
[HFA2], 24-2 program, SITA Standard; Carl Zeiss Meditec, Dublin, CA),
and OCT Fast RNFL scan. After surgery, repeated measurements of VA,
color vision testing with Ishihara plates, intraocular pressure measure-
ment, slit lamp biomicroscopy, fundus examination, OCT RNFL mea-
surement, and VF testing were undertaken. Preoperative assessments
were performed up to 2 months before surgery, and postoperative
visits occurred up to 6 weeks after surgery.

Five patients did not meet the entrance criteria to the study, four
due to inability to undergo VF testing, either before or after surgery,
and one because of not meeting the study’s time frames for the
preoperative assessment. Of the remaining 70 eyes (of 35 patients), 7
were excluded from this analysis due to unreliable VFs at either the
pre- or postoperative assessment.

Optical Coherence Tomography

Quantitative RNFL measurements were obtained using the Stratus OCT
(Carl Zeiss-Meditec, Inc.) instrument with software version 3.0.1. The
optical principles and applications of the OCT have been described in
detail elsewhere.12 The software provides RNFL thickness for each
clock hour position and for each quadrant of the optic nerve head. The
average RNFL thickness for the entire circumference around the optic
disc, in the mean of three scans at a diameter of 3.4 mm was obtained
for each eye. We included only RNFL scans that were evaluated as
“good,” as judged by the appearance of the RNFL pictures. The OCT is
a noninvasive and rapid test, with the time for image acquisition being
less than a second.

For some portions of the analysis, we stratified the eyes of our
patients into two groups, those classified as having a normal nerve, and
those who had a thin nerve. Eyes in the thin-nerve group had average
preoperative RNFL thicknesses that were thinner than 97.5% of normal
values derived from an age-matched normative database (data from
Carl Zeiss Meditec, Inc.). Eyes in the normal nerve group had RNFL
values within the 97.5 percentile of normative values. This cutoff was
chosen to take into account the broad range of normal RNFL thick-
nesses.

Automated Perimetry

Automated perimetry was conducted using the 24-2 Swedish Interac-
tive Threshold Algorithm (SITA) on the HFA2 instrument (Carl Zeiss
Meditec, Inc.) with a Goldmann size III stimulus on a 31.5-apostilb
background.

Statistical Analysis

All data on RNFL thicknesses are presented as the mean % SD. Pear-
son’s correlation coefficients and linear regression analysis were con-

ducted to correlate OCT-measured RNFL thickness (in micrometers) in
the thin and normal nerve groups to corresponding VF sectors before
surgery and at the postoperative visit. The eyes were stratified into thin
and normal nerve groups based on their RNFL thickness. For linear and
multiple regression analyses, RNFL thickness was treated as a paramet-
ric variable, as it obeyed continuous normal distribution. Normality of
the distribution was tested with Shapiro-Wilk statistics. VF sensitivity
was treated as the dependent variable and RNFL thickness as the
independent variable in all regressions assessing the relationship be-
tween VF sensitivity and RNFL thickness. Evidence of nonlinearity was
assessed using a significance level of 0.05. Differences between thin
and normal nerve groups are reported from two sample Students
t-tests. General estimating equations (GEEs; with the GENMOD proce-
dure of SAD) were used to take into account the correlation between
eyes in the same subject13 (since two eyes of the same individual have
optic disc measures that are more similar than those of unrelated
persons). Analyses were conducted with commercial software (SAS,
ver. 9.1; SAS Institute Inc., Cary, NC). Another program (Prism, ver.
4.2; Graphpad, Inc., San Diego, CA) was used to calculate the area
under the receiver operating characteristic (ROC) function. All tests
were two-tailed and P # 0.05 was considered statistically significant.

RESULTS

Baseline Preoperative Data

The average age of patients was 45 years (SD %16; range,
18–77) with an equal number of men (49%) and women (51%).
The majority of the patients (27 patients, 49 eyes) had a
diagnosis of pituitary adenoma (77%). The remaining 23% had
cystic lesions (three patients, six eyes), meningioma (two pa-
tients, four eyes), and craniopharyngioma (one patient, one
eye), an extrinsic granulomatous mass with histology consis-
tent with neurosarcoidosis (one patient, two eyes), and para-
clinoid aneurysm (one patient, one eye). Indications for sur-
gery included: impaired visual function (VA, color vision, or VF
abnormalities) for 30 patients, and endocrinological reasons in
5 patients. Preoperative mean best-corrected VA (BCVA) was
20/50 (range, 20/16 to hand movements). A mean of 76% of
Ishihara color plates were identified correctly before surgery
(SD %37.2%; range, 0%–100%). Mean % SD MD on VF testing
was "9.6 % 9.8 (range, "34.1 to 0.6) and mean pattern
standard deviation (PSD) was 6.1 % 4.9 (range, 1.1 to 16.8).
The mean % SD preoperative RNFL thickness was 89.7 % 20.1
"m (range, 38.0 to 124.8 "m) among all eyes. Forty-three
(68%) eyes met the RNFL criteria for normal, and 20 (32%) eyes
for the thin group.

Thin preoperative RNFL thickness was associated with
worse VA and VF MD (Table 1). Eyes classified as having
normal RNFL identified significantly more Ishihara color plates
correctly than did the eyes in the thin-RNFL group (83.0% vs.
63.7%, P ! 0.036; Table 1). In addition, eyes with normal RNFL
thickness at baseline had less severe VF defects before surgery
(MD, "7.0 dB vs. "15.3 dB, P ! 0.01).

Change in Visual Function after
Surgical Decompression

Eyes with normal RNFL measurement showed a significant
improvement in VA, from a mean of 20/40 to 20/25 after
surgery (P ! 0.028; Table 2), whereas eyes with thin RNFL did
not improve significantly (20/80 to 20/60; P ! 0.177). Eyes
with normal RNFL, showed an improvement in MD from "7.0
dB before surgery to "3.5 dB after surgery (P ! 0.0007). There
was no significant improvement in MD between baseline as-
sessment (MD, "15.3 dB) and postoperative visit (MD, "13.3
dB, P ! 0.191) in eyes with thin RNFLs. The RNFL layer
increased by 5.5% (P ! 0.056) in eyes with thin RNFLs and by
1% in all eyes (P ! 0.04, Table 2).
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Patients were evaluated to determine whether RNFL pre-
dicted the likelihood of recovery of visual function. Ninety-
seven percent of eyes with normal RNFLs achieved VA of
20/40 or better, compared with 72% with thin RNFLs (P !
0.02; odds ratio, 11.5; 95% CI, 1.2–108.8). Similarly, 94% of
eyes with normal RNFLs achieved VA of 20/30 compared with
67% of those with preoperative thin RNFLs (P ! 0.039; odds
ratio, 7.5; 95% CI, 1.3–41.1). Likewise, eyes with normal
RNFLs had significantly improved VF, with 71% improving to
final MD of "3.5 dB or better, compared with 28% of eyes with
thin RNFL (P ! 0.007; odd ratio, 6.4; 95% CI, 1.7–23.1).
Fifty-five percent of eyes with normal RNFL compared to 22%
of those with thin RNFL (P ! 0.037) achieved an MD of "2.0
dB by 6 weeks after surgery.

Relationship of RNFL with Visual Function in
Eyes with Severe Visual Field Defects

Figure 1 shows a clear cutoff between preoperative average
RNFL thickness in the thin group and normal group between
values of 75 and 80 "m. There were 19 eyes with a baseline
MD ! "10 dB (moderate to severe VF defects); of those eyes
with an average RNFL thickness $80 "m, all had a $10-dB
change in MD from before to after surgery. Eyes with signifi-
cant VF defects (MD worse or equal to "10 dB) but normal
RNFL thickness before surgery showed a mean postoperative
improvement in MD of 14.6 % 3.1 dB (SD) compared with
those with MD worse or equal to "10 dB and thin RNFL
measurement, who improved on average by only 1.6 % 14.7 dB
(P # 0.0001) despite no difference in MD at their baseline visit
(normal RNFL MD, "22.3 dB; thin RNFL MD, "20.8 dB; P !
0.7, Fig. 1). We compared the difference in RNFL thickness
among the eyes with baseline MD of worse than or equal to
"10 dB between eyes that showed a mild improvement in VF
recovery (MD improving by # 2 dB) and those with a dramatic
improvement (MD improving by #10 dB) from the preopera-
tive baseline. Eyes that improved 10 dB or more had a mean %
SD RNFL thickness of 105.2 % 16.5 "m, compared with a mean
RNFL thickness of 61.7 % 13.1 "m (P # 0.0001) in eyes that

did not improve by this criterion (Fig. 2B). There was a similar
significantly thicker RNFL in eyes that improved by 2 dB or
more, compared with those that did not (Fig. 2A).

Linear regression lines comparing change in VA and MD
after surgery demonstrate that patients with poor VA or MD
but with normal RNFL before surgery have a significantly
greater recovery of vision than those with the same preopera-
tive level of visual function but thin RNFL with the difference
in recovery slope being significantly different from 0 in those
with normal RNFL but not in those with thin RNFL (Fig. 3).
Liner regression analysis of the eyes in the thin- and normal-
nerve groups that reached near-normal VF after surgery (final
MD of "2 dB or better) showed that the eyes with thicker
RNFL are more likely to achieve this final outcome up until the
RNFL thickness of approximately 85 "m, after which there was
no added benefit of having a thicker RNFL.

ROC curve analysis demonstrates that RNFL thickness is an
excellent predictor for recovery of BCVA to 20/40 or better
(area under the curve of 0.89, P ! 0.002) and for dramatic
improvement in MD by 10 dB or more (area under the curve of
0.78, P ! 0.013) in the immediate postoperative period (Fig.
4). The two independent predictors of MD at postoperative
assessment (up to 6 weeks after surgery) in the eyes with
severe VF defect at the baseline (MD of "10 dB or worse) were
average RNFL thickness in the inferior quadrant of the disc at
baseline (P ! 0.0001) and MD at baseline (P ! 0.0024).
Examination of partial R2 values revealed that average RNFL
thickness in the inferior quadrant of the disc at baseline ex-
plained 61% of the variance in the MD at postoperative assess-
ment and the MD at baseline explained further 18%.

DISCUSSION

Although it is well established that recovery of visual function
occurs in a significant proportion of patients after surgery for
chiasmal compressive lesions, it is also recognized that this
recovery is highly variable.2–10 Prognostic indicators for poten-
tial improvement in function after surgery for parachiasmal

TABLE 1. Difference in Visual Function and OCT Parameters for Thin Nerve and Normal Nerve Groups
at Preoperative Assessment

Normal Nerve Thin Nerve P

BCVA 20/40 20/80 0.064
[20/16–CF] [20/16–HM]

Ishihara plates (%) 82.9 64.7 0.036
(33.7) (41.6)
[0–100] [0–100]

Visual Fields (MD in dB) "7.0 "15.3 0.012
(8.4) (10.3)

["34.1–0.3] ["33.6–0.6]
RNFL Thickness ("m)

Average 100.4 66.8 #0.0001
(12.9) (12.2)

[81.2–124.8] [38.0–82.8]
Superior quadrant 128.6 89.4 #0.0001

(21.0) (22.3)
[88–170] [47.0–120.3]

Nasal quadrant 80.8 48.5 #0.0001
(16.5) (11.8)

[52–111.3] [28–69]
Inferior quadrant 122.9 86.9 #0.0001

(18.8) (20.9)
[80.7–158.0] [38.3–115.0]

Temporal quadrant 69.0 46.7 #0.0001
(14.4) (12.9)

[33.3–103.1] [27.0–84.3]

Data in parentheses are the SD and in brackets are the range.
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lesions would offer physicians the ability to tailor treatment
plans and to counsel the patient regarding the outcome of the
intervention. To date, there have been contradictory findings
regarding factors that may predict the degree of visual recov-
ery. Factors such as shorter duration of symptoms, younger
age, lack of optic disc pallor, and better preoperative VA have
been associated with better postoperative recovery of visual
function by some investigators (Cohen et al.9), but not oth-
ers.3,6,8,14,15

The present study is the first to establish a clinical marker
that correlates strongly with the degree of visual recovery after
surgical intervention in patients with significant visual loss as a
result of chiasmal compression. The degree of reversibility of
visual dysfunction with compression of the anterior visual
pathway is related to the loss of RNFL thickness, as measured
by the OCT. In patients with normal RNFL thickness, visual
function shows large improvements in the presence of ad-
vanced preoperative VF or acuity loss, whereas patients with
thin RNFL and advanced VF defect demonstrate significantly
less improvement. The study demonstrated that there is an
increasing probability of improvement to near normal visual
function (VA better than 20/40 or mean deviation within 2 dB
of normal) with increasing RNFL thickness up to approxi-
mately 85 "m, after which there is no further improvement in
visual function.

Other objective tests have been investigated as predictors of
visual outcome after removal of parachiasmal lesions. Both the

TABLE 2. Change in Visual Function and OCT Parameters from Preoperative to Postoperative
Assessment for the Normal and Thin Nerve Groups

Pre-op Assessment Post-op Assessment P

BCVA
Normal 20/40 20/25 0.028

[20/16–CF] [20/16–CF]
Thin 20/80 20/60 0.177

[20/16–HM] [20/16–PL]
All 20/50 20/30 0.01

[20/16–HM] [20/16–PL]
Ishihara plates (%)

Normal 82.9 87.3 0.122
(33.7) (29.1)
[0–100] [16.7–100]

Thin 64.7 67.0 0.717
(41.6) (44.1)
[0–100] [0–100]

All 76.8 79.5 0.114
(37.2) (36.6)
[0–100] [0–100]

Visual fields MD (dB)
Normal "7.0 "3.5 0.0007

(8.4) (5.2)
[—34.1–0.3] ["19.9–1.3]

Thin "15.3 "13.3 0.191
(10.3) (10.6)

["33.6–0.6] ["33.6–0.5]
All "9.6 "7.1 0.0003

(9.8) (8.9)
["34.1–0.6] ["33.6–1.3]

Average RNFL thickness ("m)
Normal 100.4 101.8 0.280

(12.9) (12.7)
[81.2–124.8] [84.2–131.1]

Thin 66.8 70.5 0.056
(12.2) (14.7)

[38.0–82.8] [40.6–86.9]
All 89.7 90.3 0.040

(20.1) (20.2)
[38.0–124.8] [40.6–131.1]

Data in parentheses are the SD and in brackets are the range.
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the eyes with baseline MD !"10 dB.
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amplitude and the velocity of visually evoked potential (VEP)
are decreased in compressive optic neuropathies. Even pa-
tients with profound decreases in VEP may show complete
recovery of VEP within minutes of decompression, suggesting
that one mechanism for the depressed VEP is nerve conduction
blockade, which is relieved by surgical intervention.16–18 How-
ever, VEP data share with VF findings the limitation that they
denote functional loss that is reversible, rather than providing
prognostic value. They do not differentiate between decrease
in visual function due to reversible factors, such as conduction
block, and irreversible factors, such as actual retrograde RGC
degeneration.19–22 In addition, delays in latency in the VEP
recording may occur in retinal dysfunction and cannot be
considered pathognomonic of optic nerve disease.23 The pat-
tern electroretinogram (PERG), another objective test of retinal
function, originates from the inner retinal layers and provides
an assessment of RGC function.24–27 Like the VEP, it requires
complex equipment, electrodes that are placed on the eye, and
a relatively time-consuming test procedure. Reports have sug-

gested that an abnormal PERG correlates with lack of postop-
erative recovery.28 However, although the chance of VF im-
provement after surgery is greater in those eyes with a normal
PERG, 34% of such eyes showed deterioration or no change in
VF, indicating that PERG was not able to predict VA recovery.

The potential for recovery of visual dysfunction caused by
compressive lesions of the anterior visual pathway may depend
on the degree and duration of axonal injury.14,24,25,29 There are
several underlying pathophysiologic mechanisms that contrib-
ute to the visual dysfunction but are not associated with sig-
nificant axonopathy and are potentially reversible. Conduction
block, which may be due to direct compression or ionic con-
centrations insufficient to support saltatory conduction, is re-
versible within minutes to hours with removal of the compres-
sive lesion.6,30 Restoration of axoplasmic transport and
remyelination are processes that take longer to occur and may
be associated with the continued recovery over weeks to
months.1,31–34

However, some patients with relatively normal RNFL do not
recover normal VA or VF function, perhaps due to incomplete
remyelination. Experimental chronic compression of the optic
nerve in cats demonstrated evidence of demyelination within a
week and subsequent remyelination, though the reconstructed
myelin sheaths were thinner than normal, with reduced intran-
odal distances.35 Even at 18 months after spinal cord compres-
sion, remyelinated fibers exhibited inappropriately thin myelin
sheaths.35 Hence, although such remyelination may be associ-
ated with restored conduction of action potentials and recov-
ery of spatial vision it remains unknown whether remyelina-
tion is capable of restoring the ability of previously
demyelinated central fibers to impulse at physiological fre-
quencies.33,34 A further possible explanation is that the time
frame of our postoperative visit (up to 6 weeks) was too short
to capture recovery and that these patients may show slower
recovery of visual function because of more severe preopera-
tive visual dysfunction. It has been demonstrated in a cat model
that the percentage of nerve fibers lost from the retinogenicu-
late visual pathways determined the length of time required for
visual recovery. Cats that lost many fibers required a long time
to recover.33Alternatively, surgical trauma may result in dam-
age to the axons and influence visual recovery, which clearly
would have not been detected by the preoperative RNFL mea-
surement. Finally, some eyes may have intact RNFL at the
retinal level, but damage that had already occurred at the level
of the chiasm leads to subsequent RGC death, precluding
improvement in function.
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FIGURE 2. Difference in RNFL thickness between the eyes in which
MD improved by at least 2 dB (A) and at least 10 dB (B) from
preoperative to postoperative assessments, among the eyes with the
severe baseline VF defect of "10 dB or worse.
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One interesting finding in our data was a very modest
increase in RNFL thickness after surgery in eyes overall, which
was of greater magnitude in those with thin RNFL than in
normal RNFL eyes. It may be that RGC whose axons are injured
at the chiasmal area undergo an initial phase of reversible
injury before axon and cell body loss that involves individual
axon thinning.36 After removal of the chiasmal lesions, the
slight thickening of the RNFL may result from restoration of
normal axon diameter in these RGCs. If confirmed by future
studies, this indicates that we have identified that there is
anatomic reversible injury that parallels the functional revers-
ibility in chiasmal compression. The advent of highly objective
measurements of RNFL thickness by OCT instrumentation may
provide further insights into subtle, reversible changes in RGC
axons that have been invisible to clinical evaluation in the past.

Finally, in this study 15% of our patients had normal VF test
results and thin RNFLs. This may be analogous to the well-known
preperimetric glaucoma. The present study is the first to suggest
that damage to the anterior visual pathway may occur before
identifiable VF loss in patients with compressive optic neuropathy
(preperimetric compressive optic neuropathy) and requires fur-
ther study to detail the nature of this finding.

This study has several limitations. Because compression of
the anterior visual pathway often impairs VA, poor fixation by
these patients could impair the reliability of VF testing. How-
ever, we used strict reliability criteria and excluded unreliable
VFs to minimize this effect. Second, there is inherent variability
in the OCT RNFL measurement, with a broad range of findings
among normal persons. In part this is due to instrument error
and in part to the high variability in the number of RGCs among
eyes. The reproducibility of Stratus OCT measurements re-
cently has been demonstrated using intraclass correlation, with
coefficients for standard density scanning of 83% for mean
RNFL thickness. We performed three good-quality OCT scans
at each visit with the average of the three being used in the
analysis. Third, our study included a variety of chiasmal disor-
ders, with the majority having pituitary adenomas. Hence, the
findings are particularly applicable to this cohort of patients. In
addition, some of the improvement in VF after surgery may be
attributable to the learning curve. Finally, the study involved a
comparison of preoperative to postoperative recovery up to 6
weeks, whereas visual function is known to continue to im-
prove for months and up to several years. Long-term follow-up
of these patients will provide a greater understanding of the
relationship between RNFL thickness and final visual outcome.

In conclusion, RNFL thickness provides a quantitative measure
of the amount of viable axonal tissue and is a novel preoperative

marker that aids in predicting of the degree of visual recovery in
patients with chiasmal compression after a decompression pro-
cedure. The benefit in having such a clinical biomarker that is
rapid, noninvasive, and convenient to measure is its usefulness in
planning of management strategies including the timing of sur-
gery, counseling patients on prognosis, and potentially monitor-
ing disease progression. Further investigation is warranted to
corroborate these preliminary findings in larger studies and in
wider a range of underlying diseases.
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Giant cell arteritis: a medical emergency  

Helen V Danesh-Meyer 

Giant cell arteritis (GCA) is “the prime medical emergency in ophthalmology”.
1 

This 

systemic inflammatory condition can produce sudden profound visual loss, not 

uncommonly leaving the patient with permanent blindness to a level of no light 

perception in both eyes. So how can clinicians influence the course of this potentially 

devastating disease? 

There are three fundamental junctures that are crucial in the management of GCA. 

The first is diagnosis. The most common reason that GCA leads to blindness is failure 

of early diagnosis. The key to diagnosis is having a high index of suspicion in patients 

older than 55 years of age. The visual symptoms include transient visual blurring, 

diplopia, and acute visual loss in one or both eyes.  

The transient visual loss of GCA may occur in one or both eyes and may last from 

minutes to 1–2 hours. Such symptoms are often a harbinger of impending severe 

permanent visual loss from ischaemic optic neuropathy or central retinal artery 

occlusion.  

The most common cause of blindness from GCA is arteritic anterior ischaemic optic 

neuropathy that presents with sudden loss of vision and pallid disc oedema
3
 although 

haemorrhages may not be present on the optic disc, as in the case presented in this 

issue of the NZMJ.
4 

 

Retinal artery occlusion may cause visual loss in GCA in approximately 10% of 

patients—the key retinal finding being lack of ophthalmoscopic evidence of embolic 

material.  

New onset diplopia is also a well-recognised symptom of GCA and may be due to 

transient ischaemia of the extraocular muscles, the cranial nerves that innervate those 

muscles, or the brainstem ocular motility centres. The diplopia may be transient or 

permanent, and may take the form of isolated cranial nerve palsy, isolated extraocular 

muscle weakness, or an inter or supranuclear ocular motility pattern.  

It is estimated that diplopia is the initial sign of GCA in approximately 10% of 

patients. Hence, any patient over the age of 55 years who presents with sudden visual 

loss and a swollen optic nerve, transient visual loss or diplopia should have GCA 

considered as an underlying cause. 

When GCA is suspected, the clinician must specifically and directly question the 

patient regarding the presence of associated systemic symptoms as they may not 

spontaneously offer the information to their doctor.  

It is the clinician’s responsibility to explore the review of systems for GCA. The 

presence of new onset of headache and scalp tenderness, particularly over the 

superficial temporal artery is suggestive of GCA. Likewise, jaw claudication (pain in 

the muscles of the jaw on chewing) is relatively specific for GCA.  
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Jaw claudication must be differentiated from other causes of temporomandibular joint 

discomfort that are not ischaemic in origin (such as loose dentures). However, more 

importantly the converse occurs: that is, jaw claudication is erroneously attributed to 

other causes. Symptoms or signs suggestive of polymyalgia rheumatica may be 

identified in approximately 50% of patients and may occur as the initial symptoms in 

patients who go on to develop GCA with visual loss.  

Patients may also suffer from weight loss, loss of appetite, fever of unknown origin, 

and anaemia. However, the absence of the systemic clinical features of GCA does not 

preclude its diagnosis. In fact, 20% of GCA that results in visual loss is known as 

‘occult’ GCA—that is, without any other clinical symptom other than the visual loss.
5
  

Patients remain at high risk of blindness unless treatment is started expeditiously. 

Once the clinician suspects GCA, the patient should be started immediately on high-

dose corticosteroid treatment while the investigative process is underway. Failure to 

commence treatment prior to histological confirmation is the second juncture where 

patients are placed at risk of blindness.  

The investigation of GCA usually involves initial serological tests with ESR, CRP, 

and platelet level. The ESR and CRP are the most useful serological tests in suspected 

cases of GCA. Normal sedimentation rates, however, may be found in up to 17% of 

patients with GCA, so that a normal ESR does not exclude GCA. The CRP is 

probably superior to the ESR in establishing the diagnosis of GCA and the diagnostic 

accuracy improves when both are utilized together.
6 

Thrombocytosis also has been 

shown to be a reliable indicator of GCA with a likelihood ratio of nearly 6.0, thus 

indicating that GCA is six times more likely in the presence of thrombocytosis. 
7 

 

Temporal artery biopsy (TAB) is considered the reference standard for the diagnosis 

of GCA. It is prudent for the surgeon to obtain at least a 2-cm-long specimen of 

temporal artery and for the pathologist to do multiple level sections as there may be 

areas of normal artery (skip lesions) between two areas of inflammation in an 

abnormal temporal artery.  

It should also be remembered that a certain degree of shrinkage occurs in the biopsy 

specimen, with the shrinkage being somewhat greater in involved arteries than in 

normal biopsies.
8 

Also, because the histopathological changes are not uniformly 

distributed, it may be necessary to perform a second TAB on the contralateral side to 

confirm the diagnosis as it has been shown that a unilateral biopsy misses up to 13% 

of cases of GCA. 
9 10 

 

Presently, the only treatment for GCA is systemic corticosteroid administration.
11 

The 

role of therapy is to prevent further visual loss and, less commonly, other sequelae 

caused by ischaemia (such as central nervous system, myocardial, or bowel 

infarction). It has been convincingly shown that once visual loss has occurred it can 

rarely be reversed.
12,13  

On the other hand, further visual loss in the contralateral eye can be prevented with 

the expeditious use of high-dose corticosteroid therapy, although it is well recognised 

that visual loss in the contralateral eye may develop despite treatment. In such cases, 

it is presumed that the disease process is well-advanced and that the treatment was not 

able to circumvent the ischaemia that is already underway. However, inadequate 
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dosage or length of treatment places the patient at great risk for visual loss even after 

the initiation of treatment.  

The third high-risk juncture for blindness is during the corticosteroid tapering process. 

Rapid tapering or cessation of treatment may result in a relapse with devastating 

sequelae. This is much more likely to occur in patients who have not had a TAB to 

confirm the diagnosis. The most common reason a biopsy is not performed is that at 

the time of initial presentation the diagnosis was deemed to be ‘clear cut’.  

Once patients on high-dose corticosteroids start to develop the side-effect associated 

with such treatment (diabetes, mood disturbance, cushingoid features) the conviction 

of the original diagnosis often wanes or is doubted by another clinician and 

corticosteroid treatment is too rapidly tapered or stopped to prevent corticosteroid 

induced side-effects. Hence, the clinician may ‘second guess’ the original diagnosis in 

the absence of confirmatory histological diagnosis and taper the steroids hastily. It is 

therefore recommended that a histological confirmation of the clinical diagnosis 

should be obtained in all patients. 

The challenges with GCA are many: its broad spectrum of signs or symptoms and risk 

of blindness; the lack of a single laboratory investigation that confirms the diagnosis; 

and the long treatment course with corticosteroids and the associated side-effects 

which the patient must endure. However with astute diagnosis and timely and 

appropriate intervention, the clinician can make a profound and lasting difference for 

the patient—between sudden irreversible bilateral blindness and the retention of 

useful sight. 
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Correlation of Retinal Nerve Fiber Layer
Measured by Scanning Laser Polarimeter
to Visual Field in Ischemic Optic Neuropathy
Helen V. Danesh-Meyer, FRANZCO; Stuart C. Carroll, MBChB; Judy Y. F. Ku, MBChB; John Hsiang, MBChB;
Brent Gaskin, MBChB; Greg G. Gamble, MSc; Peter J. Savino, MD

Objective: To evaluate the relationship between reti-
nal nerve fiber layer (RNFL) measurement with scan-
ning laser polarimetry (SLP) and standard automated pe-
rimetry (SAP) in nonarteritic anterior ischemic optic
neuropathy (NAION).

Methods: In this prospective observational case series,
all subjects (28 eyes with NAION) underwent SAP and
SLP. The RNFL retardation measurements and visual
field test points were grouped into 6 corresponding sec-
tors. The contralateral uninvolved eye was used as con-
trol. The relationship between RNFL retardation and
SAP was evaluated with the Spearman nonparametric
technique and linear regression analysis. The main out-
come measure was correlation of SLP RNFL parameters
and SAP.

Results: Global and sectoral SLP parameters showed a
significant difference in affected eyes compared with con-
trols. The strongest correlations were seen between mean
deviation and number (r=−0.524; P=.004), ellipse modu-
lation (r=0.5026; P=.006), and maximum modulation
(r=0.526; P=.004). Superior sectoral visual field in-
dexes showed a strong correlation with inferior RNFL
changes (r=0.522; P�.008). Linear regression con-
firmed a strong relationship between the superior sec-
toral visual field indexes and the inferior RNFL.

Conclusion: Scanning laser polarimetry was able to iden-
tify structural changes of the RNFL globally and in the
inferior SLP sector with functional loss in NAION.

Arch Ophthalmol. 2006;124:1720-1726

N ONARTERITIC ANTERIOR

ischemic optic neuropa-
thy (NAION) is an acute
generalized or sectoral
swelling of the optic disc

resulting in visual field (VF) loss with or
without reduction in visual acuity. Non-
arteritic anterior ischemic optic neuropa-
thy is thought to be due to vascular insuf-
ficiency within the optic nerve head
microcirculation,1 but the precise mecha-
nism and specific location of vascular com-
promise remain unproven.1,2 Histologi-
cal studies have shown that NAION
induces a thinning of the retinal nerve fi-
ber layer (RNFL) in the affected sectors.3

Once the acute swelling resolves clini-
cally, visible optic disc pallor and RNFL
defects are evident.4 However, using con-
ventional methods of ophthalmoscopy or
red-free photography, it has been only pos-
sible to qualitatively evaluate the morpho-
logical changes seen following an epi-
sode of NAION.4-6 Recently, several studies
have investigated the relationship be-
tween RNFL damage and visual function
in glaucomatous optic neuropathy with
various optical imaging techniques.7,8 One

such device is the GDx Nerve Fiber Ana-
lyzer (Laser Diagnostic Technologies, San
Diego, Calif), a scanning laser polarim-
eter (SLP) that estimates the thickness of
the RNFL by measuring the summed re-
tardation of a polarized scanning laser
beam, presumably induced by the form-
birefringent microtubules that support the
retinal ganglion cell axons and then com-
pensated, partially or completely, for the
birefringence of the anterior segment.9 Al-
though it has principally been used in glau-
coma,10,11 its potential use in central reti-
nal artery occlusion,12 acute retrobulbar
optic neuritis,13 demyelinating optic neu-
ritis,14 and traumatic optic neuropathy15

has been reported. A single case report16

has demonstrated loss of retinal nerve fi-
ber bundles after an episode of NAION
with corresponding VF defect. The pur-
poses of this study were to investigate the
ability of SLP to identify structural changes
in the RNFL of eyes following an event of
NAION and to examine the relationship
between optic nerve structure and func-
tion using measurements of the peripap-
illary RNFL retardation measured with SLP
and standard automated perimetry.
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METHODS

SUBJECTS

An observational case series was undertaken involving 28 pa-
tients with isolated unilateral NAION occurring at least 3 months
prior to initial examination with acute optic disc swelling. They
were recruited from the Neuro-Ophthalmology Service at Wills
Eye Hospital between September 2000 and October 2003. Pa-
tients were considered eligible for recruitment if they had a di-
agnosis of unilateral NAION, with the initial disc swelling and
the diagnosis documented and confirmed at Wills Eye Hospi-
tal by a neuro-ophthalmologist. The uninvolved eye was re-
quired to have normal ophthalmic assessment findings with a
visual acuity of 20/40 or better. Patients with glaucoma, a fam-
ily history of glaucoma, intraocular pressure of greater than 21
mm Hg in either eye, giant cell arteritis, other optic neuropa-
thies, posterior segment diseases, corneal diseases, refractive
surgery, or neurological diseases or systemic diseases with pos-
sible ocular involvement, such as diabetes mellitus, were ex-
cluded from the study. Patients were excluded if they had am-
etropia greater than 5 diopters (D) or astigmatism greater than
2.5 D. All patients had experience with VF testing and had un-
dergone at least 2 prior tests with reliable results. Because there
is a wide intersubject variability in the RNFL thickness, the un-
affected eye was used as the control.

All patients underwent a complete neuro-ophthalmic ex-
amination performed by a neuro-ophthalmologist at the time
of initial examination and on follow-up visits. This was fol-
lowed by Swedish Interactive Threshold Algorithm (SITA) 24-2
standard automated perimetry (SAP) and SLP (GDx Nerve Fi-
ber Analyzer with fixed corneal compensation [software ver-
sion 2.0.09]; Laser Diagnostic Technologies), which were per-
formed within 1 week of each other. The research adhered to
the tenets of the Declaration of Helsinki. The institutional re-
view committee had approved the research and informed con-
sent had been obtained.

SCANNING LASER POLARIMETRY

The GDx is a confocal scanning laser ophthalmoscope with an
integrated polarization modulator, a fixed corneal compensa-
tor, and a polarization detection unit. Details of its operation
are described elsewhere.17 In all subjects, both eyes were scanned
starting with the right eye. The pupils of the patients were un-
dilated, and the room lights were left on. Three high-quality
retardation images were acquired through the undilated pupil
and the results were averaged for the analysis. The default sec-
tors were defined as temporal (−25° to 25°), superior (25° to
145°), nasal (145° to 215°), and inferior (215° to 335°), giving
two 120o sectors, a 70o sector, and a 50o sector. The param-
eters automatically generated by the SLP software were evalu-
ated. These were divided into parameters that represented a
global assessment of the RNFL and parameters that repre-
sented the sectoral RNFL status. Global parameters were the
number, symmetry, ellipse modulation, maximum modula-
tion, and ellipse average. The number is a global measure de-
rived from more than 200 other parameters that are analyzed
by a neural network trained to discriminate between healthy
and glaucomatous eyes. The maximum modulation and el-
lipse modulation are indicators of the difference between the
thickest and thinnest parts of the RNFL. Sectoral parameters
were superior maximum, inferior maximum, superior aver-
age, inferior average, temporal median (superior maximum–
superior ratio), nasal median (superior maximum–superior na-
sal ratio), superior integral, superior (superior temporal) ratio,
inferior (inferior temporal) ratio, and superior nasal ratio.

VF TESTING

Standard automated perimetry was performed with the SITA
standard 24-2 program. All VF test results were reliable with
less than 33% fixation losses, false-positive responses, and false-
negative responses. Each VF was divided into 6 zones based
on the optic disc–VF map described by Garway-Heath et al18

(Figure 1). Garway-Heath et al produced the first high-
resolution map from structure to function. Using this map al-
lowed a detailed comparison of structure (GDx image) and func-
tion (SAP) measures. This mapping allowed correlation of sectors
of disc RNFL with sectors of the VF. Because sectoral SLP pa-
rameters are divided into 4 fixed sectors, the 2 superior (sec-
tors 2 and 3) and 2 inferior (sectors 4 and 5) VF zones were
combined to permit a direct 4-sector comparison between VFs
and SLP. Thus, sector 1 (temporal VF, nasal optic disc 121° to
230°) corresponds to the nasal SLP measurements. Sectors 2
and 3 (superior and superior nasal VF, inferior optic disc sec-
tors 231° to 270° and 271° to 310°) correspond to the inferior
nasal and inferior temporal SLP measurements, respectively.
Sectors 4 and 5 (inferior paracentral and inferior VF, superior
disc sectors 41° to 80° and 81° to 120°) correspond to superior
temporal and superior nasal SLP measurements, respectively.
Sector 6 (macular VF, temporal disc 311° to 340°) corre-
sponds to temporal parapapillary SLP measurements.

The mean deviation (MD) was calculated for each of the sec-
tors from the raw retinal sensitivity on the VF printout. We then
correlated SLP measurements with the global and sectoral MDs
of the appropriate VF zones using linear and logarithmic re-
gression based on the assumption that the RNFL is a predictor
of VF sensitivity.

STATISTICAL ANALYSIS

The unaffected contralateral eyes were used as the control
group. A Spearman ranked correlation coefficient (r) was cal-
culated for each sector to measure the degree of association
between SAP and SLP. A t test for related groups was used to
compare affected with unaffected eyes. “Number” and “sym-
metry” are not normally distributed parameters; therefore, the
sign test was used for these parameters. All tests were 2-tailed
and a P value of �.05 was considered statistically significant
because all comparisons were preplanned. However, a more
conservative critical significance level could be adopted based

81°-120°41°-80°

311°-340°

271°-310° 231°-270°

121°-230°

A B

Figure 1. Test pattern of the Humphrey Field Analyzer 24-2 (Carl Zeiss
Meditec) paradigm for a right eye (A) and a GDx Nerve Fiber Analyzer with
variable corneal compensator (Laser Diagnostic Technologies, Inc, San
Diego, Calif ) retardation image of a right eye (B), with a measurement circle
superimposed (the fixed corneal compensator has the exact same
arrangement). In the present study, visual field test points and peripapillary
GDx measurements were grouped in corresponding sectors, as suggested by
Garway-Heath et al.18 Corresponding sectors were grayscaled and named
after the position of the sector in the GDx variable corneal compensator
image in relation to the optic disc.
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on correction for multiple comparisons (Bonferroni correc-
tion P�.002 or otherwise as stated with relevant table) at the
risk of an increased type II error rate. All analyses were per-
formed by a medical statistician using SAS (version 8.12; SAS
Institute Inc, Cary, NC).

RESULTS

A total of 28 patients (13 men, 15 women) were evalu-
ated. The mean±SD age was 61±11 years (range, 39-79
years). The mean time between initial examination and
study enrollment was 4.1 months, ranging from 97 days
to 159 days. At the final visit, the mean visual acuity was
0.06 logarithm of the minimum angle of resolution (log-
MAR) (approximately 20/30 Snellen equivalent) in the
control eyes and 0.44 logMAR (20/60 Snellen equiva-
lent) in the affected eyes (P=.01).

GLOBAL PARAMETERS

The MD of the affected group ranged from −26 to 0 dB
with a mean±SD of −11.74±6.65 dB, while the unaf-
fected MD ranged from −4.36 to 3.74 dB with a mean±SD
of −0.63±2.03 dB. The difference was statistically sig-
nificant (P�.001). All global SLP parameters with the ex-
ception of symmetry were significantly different be-
tween the affected and unaffected eyes (Table 1).

The relationship between SAP and SLP measure-
ments is graphically presented in Figures 2, 3, 4, and
5 for global parameters in eyes with NAION. The global
SLP parameters that significantly correlated with MD in
affected eyes were number (r=−0.524; P=.001), maxi-
mum modulation (r=0.526; P=.004), and ellipse modu-
lation (r=0.5026; P=.006) (Table 2) (Bonferroni cor-
rection P�.008). The correlation between RNFL loss and
MD only modestly improved when the difference be-
tween affected and unaffected eyes was considered for
both RNFL and VF loss; that is, the affected RNFL was
subtracted from the unaffected RNFL and this value cor-
related with the difference between affected and unaf-
fected VF sensitivities.

SECTORAL PARAMETERS

The VF indexes in all sectors of affected eyes were sig-
nificantly depressed compared with the contralateral un-
affected eyes (P�.001) (Table 3). The majority of the
sectoral SLP parameters of affected eyes were signifi-
cantly different from unaffected eyes (all P�.001), with
the exception of those that represented the temporal and
nasal regions. In healthy, unaffected eyes, no statisti-
cally significant correlations between SAP and SLP mea-
surements were found in any sector (P=.39).

When the relation between structure and function was
evaluated using the sectoral SLP parameters with their
corresponding VF sectors, only those representing the
inferior RNFL region showed significant association with

Table 1. Global VF Indexes and RNFL Parameters by SLP
Between Affected NAION Eye and Contralateral Normal Eye

Mean ± SD

P
Value

Normal Eye
(n = 28)

Involved
NAION Eye

(n = 28)

VF MD, dB −0.63 ± 2.03 −11.74 ± 6.65 �.001
SLP global parameter

Number 23.42 ± 17.34 52.25 ± 19.49 �.001
Ellipse modulation 2.37 ± 0.62 1.86 ± 0.62 .001
Average thickness 65.19 ± 12.18 58.29 ± 10.02 �.001
Ellipse average, µm 68.96 ± 11.78 58.21 ± 10.02 �.001
Maximum modulation 1.50 ± 0.52 1.03 ± 0.39 .001
Symmetry 0.90 ± 0.13 0.85 ± 0.15 .27

Abbreviations: MD, mean deviation; NAION, nonarteritic anterior ischemic
optic neuropathy; RNFL, retinal nerve fiber layer; SLP, scanning laser
polarimetry; VF, visual field.
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Figure 2. Correlation between visual field mean deviation (MD) and GDx
Nerve Fiber Analyzer (Laser Diagnostic Technologies, Inc, San Diego, Calif )
global parameter “number” (affected eyes). r = −0.524.
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Figure 3. Correlation between visual field mean deviation (MD) and GDx
Nerve Fiber Analyzer (Laser Diagnostic Technologies, Inc, San Diego, Calif )
global parameter “maximum modulation” (affected eyes). r = 0.526.
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the corresponding superior VFs (Table 4). This in-
cluded inferior deviation from normal (r=0.522; P=.008),
inferior average (r=0.517; P=.005), and inferior maxi-
mum (r=0.564; P=.002). Interestingly, inferior maxi-
mum and inferior average also correlated with nasal VF
sector (r=0.624; P� .001 and r=0.611; P=.001, respec-
tively). The relation of structure and function was not
identifiable between any of the other sectors, including
superior RNFL and the corresponding inferior VF.
Table 5 tabulates the qualitative interpretation of the
VF defect along with the quantitative VF raw sensitivi-
ties and the GDx RNFL parameters. Figure 6 shows the
fit with a least-squares linear regression mode for the re-
lationship between RNFL and decibel–differential light
sensitivity with r=0.683 (P�.001). Figure 7 illustrates

results for a patient with NAION studied with SLP and
the corresponding VF defect.

COMMENT

In glaucoma, there is a correlation between structural mea-
sures of optic neuropathy, which is measured with SLP,
and functional loss, which is measured with SAP.8 Scan-
ning laser polarimetry (both with fixed corneal compen-
sation and variable corneal compensation) has also been
shown to differentiate patients with glaucoma from nor-
mal individuals with sensitivities and specificities of 72%
to 78% and 56% to 92%, respectively,11,19-22 with the vari-
able corneal compensator showing a stronger relation-
ship.23,24 However, to date, there is a paucity of studies
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Figure 4. Correlation between visual field mean deviation (MD) and GDx
Nerve Fiber Analyzer (Laser Diagnostic Technologies, Inc, San Diego, Calif )
global parameter “ellipse modulation” (affected eyes). r = 0.5026.
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Figure 5. Correlation between visual field mean deviation (MD) and GDx
Nerve Fiber Analyzer (Laser Diagnostic Technologies, Inc, San Diego, Calif )
global parameter “maximum modulation” (difference between unaffected and
affected eyes). r = 0.625.

Table 2. Correlation Between Global VF Index
(Mean Deviation) and Global SLP Parameters

SLP Global Parameter,
Affected Eye Only

Correlation
Coefficient (r ) P Value

Number −0.524 .001
Ellipse modulation 0.5026 .006
Average thickness 0.246 .21
Ellipse average 0.282 .14
Symmetry −0.351 .07
Maximum modulation 0.526 .004

Abbreviations: SLP, scanning laser polarimetry; VF, visual field.

Table 3. Sectoral Humphrey VF Indexes
and Sectoral SLP RNFL Parameters Between NAION
Involved Eyes and Contralateral Uninvolved Eyes

Mean ± SD

P
Value

Normal Eye
(n = 28)

Involved Eye
(n = 28)

Sectoral VF index, dB
Temporal (sector 1*) 28.00 ± 3.24 19.93 ± 8.81 �.001
Superior (sectors 2 and 3*) 27.32 ± 2.73 19.11 ± 10.55 �.001
Inferior (sectors 4 and 5*) 28.87 ± 2.36 14.21 ± 8.45 �.001
Nasal (sector 6*) 30.63 ± 2.28 20.63 ± 9.30 �.001

Sectoral SLP RNFL parameter
Superior ratio 2.15 ± 0.58 1.60 ± 0.31 �.001
Inferior ratio 2.41 ± 0.53 1.95 ± 0.44 �.001
Superior-nasal ratio 1.88 ± 0.36 1.52 ± 0.22 �.001
Superior average 73.21 ± 13.99 58.25 ± 11.53 �.001
Inferior average 82.14 ± 14.78 70.21 ± 14.06 �.001
Superior maximum 84.04 ± 15.99 65.85 ± 13.11 �.001
Inferior maximum 93.82 ± 16.17 79.18 ± 17.55 �.001
Superior integral 0.20 ± 0.04 0.16 ± 0.03 �.001
Temporal median 42.13 ± 15.86 42.07 ± 10.16 .84
Nasal median 46.44 ± 13.53 44.38 ± 10.67 .25

SLP deviation from normal
Temporal 0.48 ± 16.81 −0.48 ± 10.01 .72
Superior −11.12 ± 16.58 −28.48 ± 13.60 �.001
Inferior 2.24 ± 16.63 −13.84 ± 16.95 �.001
Nasal 0.56 ± 14.08 −1.44 ± 9.89 .48

Abbreviations: NAION, nonarteritic anterior ischemic optic neuropathy; RNFL,
retinal nerve fiber layer; SLP, scanning laser polarimetry; VF, visual field.

*Based on the optic disc–VF map described by Garway-Heath et al.18
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that quantitate RNFL loss in nonglaucomatous optic neu-
ropathies. The appearance of the optic nerve in NAION
has not been evaluated quantitatively beyond a case re-
port16; rather it is usually subjectively described by esti-
mating the degree and extent of pallor or qualitatively
commenting on defects in the nerve fiber layer. More-
over, no available studies have been performed that quan-
titatively correlate RNFL loss in nonglaucomatous optic
neuropathies with a corresponding decrease in VF sen-
sitivities. To our knowledge, this study is the first to dem-
onstrate that when examined with SLP, eyes affected with
NAION show defects in the RNFL that can be identified
both with the global and the sectoral SLP parameters. Fur-
thermore, to our knowledge, this study is also the first
to quantify a relationship between changes of the RNFL
and corresponding changes in VF sensitivity in NAION.

All global SLP parameters (with the exception of sym-
metry) were significantly different between affected and
unaffected eyes. Our findings in NAION are similar to
studies using SLP in glaucoma, with “number” and “maxi-
mum modulation” demonstrating the strongest correla-
tion.25,26 The modulation parameters are theoretically more
reliable, correcting for individual variation in the RNFL
by using the patient’s own temporal and nasal RNFL as
a baseline.27 In our study, the absolute indexes of RNFL
thickness, average, and ellipse average were not corre-
lated with VF MD, in keeping with the findings of Lan
et al.25 The impact of a fixed corneal compensator im-
properly compensating for intersubject variability in cor-
neal birefringence is the most likely explanation. Addi-
tionally, normal VF findings can be associated with a wide
range of RNFL measurements. Thus, for a global param-
eter such as “average” to be significantly reduced in some
subjects, a certain amount of RNFL damage must occur;
hence, small focal RNFL or optic nerve head damage might
be overlooked.

Scanning laser polarimetry demonstrated attenua-
tion of the RNFL in the superior and inferior sectors in

Table 4. Correlation Between Sectoral VF Indexes and
Sectoral SLP RNFL Parameters by SLP (Affected Eyes)

SLP Parameter VF Sector*
Correlation

Coefficient (r )
P

Value

SLP deviation from normal
Superior Inferior (4 and 5) 0.268 .20
Inferior Superior (2 and 3) 0.522 .008
Temporal Nasal (6) −0.116 .58
Nasal Temporal (1) 0.032 .88

SLP sectoral parameter
Temp median Nasal (6) −0.068 .74
Nasal median Temporal (1) 0.013 .95
Superior average Inferior (4 and 5) 0.160 .42
Inferior average Superior (2 and 3) 0.517 .005
Superior maximum Inferior (4 and 5) 0.256 .20
Inferior maximum Superior (2 and 3) 0.564 .002
Superior integral Inferior (4 and 5) 0.067 .74

Abbreviations: RNFL, retinal nerve fiber layer; SLP, scanning laser
polarimetry; VF, visual field.

*Based on the optic disc–VF map described by Garway-Heath et al.18

Table 5. Qualitative VF Parameters for Involved Eyes Along
With GDx RNFL Measurements*

Subject

Pattern of RNFL
Loss as Measured by
GDx, Superior Sector

Clinical
Pattern of
VF Loss

Qualitative Agreement
Between VF Loss
and RNFL Loss

1 Superior Inferior Yes
2 Superior Inferior Yes
3 Superior Inferior Yes
4 Superior Inferior Yes
5 Superior Inferior Yes
6 Generalized Generalized Yes
7 Superior Inferior Yes
8 Superior Inferior Yes
9 Superior Inferior Yes

10 Superior Inferior Yes
11 Superior Inferior Yes
12 Superior Inferior Yes
13 Superior Inferior Yes
14 Inferior Inferior No
15 Nasal Superior No
16 Superior Superior No
17 Superior Total Yes
18 Superior Total Yes
19 Superior/Inferior Total Yes
20 Superior Total Yes
21 Superior Total Yes
22 Superior/Inferior Total Yes
23 Superior/Inferior Total Yes
24 Superior

worse/inferior
Total/inferior

worse
Yes

25 Superior/inferior Total/inferior
worse

Yes

26 Superior/inferior Total/inferior
worse

Yes

27 Inferior
worse/superior

Total/superior
worse

Yes

28 Inferior
worse/superior

Total/superior
worse

Yes

Abbreviations: RNFL, retinal nerve fiber layer; VF, visual field.
*GDx Nerve Fiber Analyzer with fixed corneal compensation (software

version 2.0.09); Laser Diagnostic Technologies, San Diego, Calif.
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Figure 6. Correlation between superior visual field mean deviation
(Garway-Heath et al18 sectors 2 and 3) and GDx Nerve Fiber Analyzer (Laser
Diagnostic Technologies, Inc, San Diego, Calif ) sectoral parameter “inferior
average” (difference between unaffected and affected eyes). r = 0.683.
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the affected eyes compared with the contralateral unaf-
fected eyes, with a greater loss seen in the superior RNFL.
The temporal and nasal SLP and VF sectors were not sig-
nificantly different between the affected and unaffected
eyes. The inferior SLP indexes showed a significant cor-
relation with the MD, reflecting that a significant sec-
toral RNFL defect can result in both sectoral and global
loss of VF sensitivity. Similar correlations between sec-
toral parameters and MD have been reported in glauco-
matous eyes.28 The inferior sectoral SLP parameters
were also strongly correlated with the superior VF
indexes, reflecting that VF defects in NAION tend to be
altitudinal defects.

Surprisingly, no structure-function relationship was
found between the superior RNFL segment and the cor-
responding inferior VF sectors. A similar finding was
found in glaucomatous eyes using SLP, where inferior
SLP indexes correlated strongly with superior VF in-
dexes and superior SLP indexes did not correlate with
inferior VF indexes.25 Recently, others have also identi-
fied weaker correlations between the inferior VF in-
dexes and corresponding superior SLP indexes.29

There are several possibilities that may account for this
lack of correlation. The strength of the correlation in all
the sectors may be affected by the fixed corneal compen-
sator, which has been shown to affect the discriminat-
ing power of SLP in mild to moderate glaucoma.24,30-32

The fixed corneal compensator introduces an error in mea-
surements by erroneously compensating for corneal
birefringence where the axis and magnitude of biref-
ringence differ from population mode values. The intro-
duction of the variable corneal compensator to achieve
individualized corneal compensation has improved the
relationship between the RNFL measured with SLP and
the VF test.23,33 Inadequate (under) corneal compen-
sation may result in a general increase in full-field
retardation31 that may translate to spuriously high RNFL
retardation, decreasing structure-function associa-
tions.27,30,31,34

Another contributing factor may be a “floor effect,” de-
scribed by Schlottmann et al,35 which is when an RNFL
of less than 20 µm is not detected. This would result in
the detection of noise from other structures rather than
signal from the remaining superior RNFL. In the present
study, the superior RNFL was significantly thinner than
the inferior (mean±SD, 14.21±8.41 µm vs 19.11±10.55
µm), with the majority of affected eyes less than 20 µm.
The MD was also more depressed in the inferior field (−15
dB) than the superior field (−8 dB) when compared with
normal eyes. This loss of VF sensitivity, particularly in the
inferior VF, may in fact equate to almost total loss of the
superior RNFL.

Finally, the lack of correlation could be partly ex-
plained by the arbitrary division of sectors of the SLP and
VF map. The division of the VF map is not based on al-
titudinal pattern. Therefore, measurements of the supe-
rior and inferior VF sectors are approximates that ex-
clude half of the nasal and temporal fields that cross over
into the respective superior or inferior hemifields. More-
over, the structure-function mapping used in this study
attributes only 4 points to the temporal field and thus
only 2 points for the superotemporal and inferotempo-
ral fields. The nasal field is not sectorally represented on
its own. Therefore, there may not be enough points to
detect functional loss in such an analysis.

In summary, to our knowledge, this study is the first
to quantitatively measure the attenuation of the RNFL
with SLP in a group of patients who had a previous epi-
sode of NAION. It demonstrates a partial topographic cor-
relation of optic nerve structure with MD, where mag-
nitude of focal RNFL attenuation was related to the
magnitude of the decreased VF sensitivity.

The ability to objectively measure the degree of dam-
age to the optic nerve directly, rather than indirectly by
the amount of VF damage, marks a juncture in the study
of nonglaucomatous optic neuropathies. This study has
shown that there is a quantitative relation between struc-
ture and function in an optic neuropathy other than glau-
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Figure 7. GDx Nerve Fiber Analyzer (Laser Diagnostic Technologies, Inc, San Diego, Calif ) data for a patient with nonarteritic anterior ischemic optic neuropathy in
the right eye and a contralateral unaffected left eye. Note the flattening of the superior retinal nerve fiber layer hump.
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coma. Future research should further investigate the struc-
ture-function relationship of neuro-ophthalmic conditions
and determine whether these technologies may provide
us with diagnostic and prognostic information to im-
prove patient care.
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Relationship between Retinal Nerve Fiber Layer and
Visual Field Sensitivity as Measured by Optical
Coherence Tomography in Chiasmal Compression

Helen V. Danesh-Meyer,1 Stuart C. Carroll,1 Rod Foroozan,2 Peter J. Savino,3 Jennifer Fan,1

Yannan Jiang,4 and Stephen Vander Hoorn4

PURPOSE. To investigate the spatial relationship between retinal
nerve fiber layer (RNFL) thickness measured with optical co-
herence tomography (OCT) and visual field sensitivity (VFS)
measured by standard automated perimetry (SAP) in chiasmal
compression.

METHODS. Twenty-six patients with chiasmal compression were
enrolled. RNFL thickness was measured with the StratusOCT
and VFS with SAP (Humphrey Field Analyzer; both from Carl
Zeiss Meditec, Dublin, CA). Relationships between RNFL thick-
ness (in clock hours, hemifields, and sectors) and VFS (zones
were divided into hemifields, quadrants, and sectors based on
a validated visual field map) expressed in a decibel scale and
1/lambert (L) were evaluated by linear and nonlinear regres-
sion. Coefficients of determination (R2) were calculated by
using a multivariate model.

RESULTS. Average RNFL thickness correlated strongly with pat-
tern standard deviation (PSD; R � 0.622) and mean deviation
(MD; R � 0.413). The four strongest correlations were be-
tween the 8 o’clock OCT position (temporal disc), with the
temporal hemifield (R � �0.813), the superotemporal quad-
rant (R � �0.847), the inferotemporal quadrant (R � �0.855),
and the field sector representing the papillomacular bundle (R
� �0.809). Coefficients of determination improved signifi-
cantly in all sectors when time since surgery was included in
the regression model—most notably, average thickness and 1/L
(R2 � 0.35–0.49), the decibels (R2 � 0.31–0.47), and the
temporal sector (R2 � 0.44–0.57).

CONCLUSIONS. This is the first study to compare the structure–
function correlation of RNFL measured by OCT with SAP in
patients with chiasmal compression. RNFL is topographically
related globally and sectorally to decreased SAP, with the
temporal sectors showing the strongest correlations. The cor-
relation between RNFL and VFS strengthens as the time from
surgical intervention increases. (Invest Ophthalmol Vis Sci.
2006;47:4827–4835) DOI:10.1167/iovs.06-0327

Clinical assessment of optic neuropathies involves psycho-
physical assessment of optic nerve function with visual

field (VF) tests and structural evaluation of the optic nerve
head (ONH). Achromatic standard automated perimetry (SAP)
is the gold standard for quantitatively evaluating visual field
sensitivity (VFS). However, there is no validated method for
quantifying optic nerve structure in nonglaucomatous optic
neuropathies. The ONH is typically evaluated by grading the
degree of optic disc pallor and assessing the retinal nerve fiber
layer (RNFL), either with slit lamp fundus examination using
red-free light or analysis of red-free RNFL photographs. These
techniques require observer experience, are highly subjective,
and are not readily quantified.1 Because optic nerve function,
but not structure, can be quantified in nonglaucomatous optic
neuropathies, there is a paucity of data correlating alterations
in VFS with changes in optic nerve morphology. This deficit
limits the usefulness of ONH and RNFL assessment in evaluat-
ing and managing disease.

The situation is different with glaucomatous optic neurop-
athy, for which there is a large body of evidence supporting a
specific anatomic correspondence between the pattern of
ONH and RNFL thinning and VF defects.2–8 Optical coherence
tomography (OCT, StratusOCT; Carl Zeiss Ophthalmic Sys-
tems, Inc., Humphrey Division, Dublin, CA) has been shown to
image and measure RNFL thickness in glaucomatous optic
neuropathy and shows a strong spatial correlation with
VFS.9–11

The relationship identified between glaucomatous optic
neuropathy and VFS cannot be extrapolated to other optic
neuropathies. Nonglaucomatous optic neuropathies cause a
different pattern of clinical defects, for example, loss of central
visual acuity, impaired color vision, and a much wider spec-
trum of VF defects. The morphologic changes identified in the
optic nerve are also different. The hallmark of glaucoma is
excavation of the optic cup and preservation of the remaining
neuroretinal rim, without pallor, while nonglaucomatous optic
neuropathies produce pallor of the neuroretinal rim. Finally,
glaucomatous optic neuropathy is usually irreversible, whereas
many optic neuropathies, particularly compressive optic neu-
ropathies, may produce profound defects in visual function
that are reversible after treatment.

The purpose of this study was to investigate the spatial
correlation between loss of VFS (measured with SAP) and focal
RNFL thinning (measured with OCT) in chiasmal compression,
a type of compressive optic neuropathy. OCT was used be-
cause of its ability to provide high-resolution quantitative mea-
surements of the RNFL in a clock-hour distribution.

METHODS

Subjects

Twenty-six eyes from 26 patients with chiasmal compression, con-
firmed by neuroimaging, were recruited in the study from three sites
(17 from Auckland City Hospital, Auckland, New Zealand; 8 from
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Cullen Eye Institute, Houston, TX; and 1 from Wills Eye Hospital,
Philadelphia, PA). For each subject, the eye with the more reliable VF
indices (fewest false positives, false negatives, and fixation losses) was
included in the study (n � 26). All patients had magnetic resonance
imaging (MRI) of the brain that confirmed a lesion compressing the
optic chiasm with the following diagnoses: 20 pituitary adenomas, 2
craniopharyngioma, 2 suprasellar meningioma, 1 chiasmal pilocytic
astrocytoma, and 1 hypothalamic astrocytoma. The research adhered
to the tenets of the Declaration of Helsinki. The institutional review
committees had approved the research and informed consent had
been obtained.

All patients underwent a complete ophthalmic examination, includ-
ing visual acuity, refraction, slit lamp biomicroscopy, gonioscopy,
intraocular pressure (IOP) measurement with Goldmann tonometry,
and dilated stereoscopic fundus examination. Patients were not ex-
cluded on the basis of their visual acuity, but all patients were required
to be able to perform reliable VF testing. All patients had a spherical
refractive error within the range of � 5 D and IOP measurement of less
than 21 mm Hg. Patients were excluded if they any had anterior
segment, retinal, posterior segment, or optic nerve disease other than
compressive optic neuropathy. Specifically, patients with known glau-
coma, family history of glaucoma, or cup-to-disc ratio asymmetry of
greater than 0.2, focal notching, or optic nerve hemorrhage were
excluded. Patients were also excluded from the study if they had a
history of diabetes or any other systemic illness that may affect the
retina and optic nerve. All subjects were a minimum of 3 months after
surgery, radiotherapy, or chemotherapy.

Optical Coherence Tomography

Quantitative RNFL measurements were obtained using the StratusOCT
(software version 3.0.1; Carl Zeiss Meditec, Inc.). The optical princi-
ples and applications of the OCT have been described in detail else-
where.12 The software outputs discrete RNFL thickness for each clock-
hour position of the optic nerve head (for right eyes: 12 o’clock
superiorly, 3 o’clock nasally, 6 o’clock inferiorly, and 9 o’clock tem-
porally) and for each quadrant of the optic nerve head (superior: 11,
12, and 1 o’clock; nasal: 2, 3, and 4 o’clock; inferior: 5, 6, and 7
o’clock; and temporal: 8, 9 ,and 10 o’clock). The average RNFL thick-
ness for the entire circumference is also provided. All data are dis-
played in right eye format, as just defined.

Procedure

The fast RNFL thickness (3.4) scan (100 scan points) acquisition pro-
tocol was used. Repeated measurements were taken by expert opera-
tors at each of the centers until three measurements judged to be of
good quality were achieved for each eye. The RNFL thicknesses of the
three scans were averaged internally to provide mean measurement for

each clock hour position around the optic disc. For each clock hour,
the investigators classified RNFL thickness measures as outside normal
limits if they were thinner than 97.5% of normal values derived from an
age-matched normative database (i.e., in the lowest 2.5 percentile) of
100 patients.13 This cutoff was chosen to be conservative and to be
consistent with other studies comparing structure- function.6

Standard Automated Perimetry

Standard automated perimetry was conducted using the Swedish In-
teractive Threshold Algorithm (SITA) 24-2 of the Humphrey Field
Analyzer program (Carl Zeiss Meditec) with a Goldmann size III stim-
ulus on a 31.5-apostilb background. Perimetry was performed within 2
weeks of OCT testing. All VFs included in the study had reliability
indices of less than 33% false positives, false negatives, or fixation
losses. The primary analysis involved dividing the VF data into nasal
and temporal hemifields and further into superotemporal, inferotem-
poral, superonasal, and inferonasal quadrants. In another analysis, the
VF data was divided into six sectors derived from a previously pub-
lished optic disc-VF map. This latter analysis was particularly useful in
that it allowed an evaluation of the relationship between the papillo-
macular fibers in the temporal optic disc with the corresponding
central VF.6 These sectors were further subdivided to allow analysis
based on division along the vertical meridian (Fig. 1).

VF quadrants were defined as being outside normal limits if a
minimum of two non–edge-contiguous test points, not including those
directly above and below the blind spot, had a pattern deviation (PD
plot) of one point with P � 0.5% and one point with P � 2%. The
cluster criteria for an abnormal hemifield (split into temporal and nasal
hemifields) was three or more significantly depressed (P � 5%) non–
edge-contiguous points on the PD plot, with two of these points P �
2%, not including those directly above and below the blind spot.
Differential light sensitivity at each tested location is measured in
decibels, where the differential light sensitivity (dB) � 10 � log10 [Lmax

/(Lt � Lb)], where Lmax is the maximum stimulus luminance, Lt is the
stimulus luminance at threshold, and Lb is the background luminance.
The unlogged 1/L at each test location was calculated by dividing the
decibel unit by 10 and then unlogging it.

Statistical Analysis

Spearman’s correlation coefficients and linear regression analyses were
conducted to compare OCT-measured RNFL thickness deviation from
normal age-adjusted RNFL thickness (in micrometers) to correspond-
ing VF sectors. VF sensitivity was treated as the dependent variable and
RNFL thickness as the independent variable in all regressions assessing
the relationship between VFS and RNFL thickness. For further analysis,
the structure–function relationship between average sectoral RNFL
thickness and each VF zone was investigated using the raw VFS data

FIGURE 1. A division of the 24 VF
test points and the optic nerve head
into sectors, as suggested by Garway-
Heath et al. The vertical line indi-
cates where field sectors were di-
vided along the vertical meridian
(diagram for right VF and optic disc).
Image reprinted from Ophthalmol-
ogy, 107, Garway-Heath DF, Poi-
noosawmy D, Fitzke FW, Hitchings
RA, Mapping the VF to the optic disc
in normal tension glaucoma eyes,
1809–1815, © 2000, with permis-
sion from the American Academy of
Ophthalmology.
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(not including blind spot points). The relationship between RNFL
thickness and VF sensitivity was calculated for the whole field and field
sectors (with their corresponding RNFL zones according to VF map)
using linear and logarithmic regression analysis for both dB and 1/L
scales (dB values are a logarithmic transform of differential light sen-
sitivity [DLS]). All analyses were then repeated by including “time since
surgery” in a multivariate regression model adjusting for age, sex and
time since surgical intervention. A test for deviation from linearity was
achieved by fitting a generalized additive model (GAM) and comparing
to that of a linear model. Evidence of nonlinearity was assessed with a
significance level of 0.05.

A paired t-test was performed to evaluate the null hypothesis that
the absolute prediction errors (absolute values of the residuals) have
the same mean for both models (linear and logarithmic regressions).
Significance was assumed at P � 0.05. The linearity of the relationship
between VF sensitivity and RNFL thickness was assessed by plotting
the residuals of the linear regression against RNFL thickness.

RESULTS

Twenty-six eyes from 26 patients were included in the analysis,
with a mean age of 41.1 � 19.9 years (range, 8–73). There was
an equal distribution of gender (13 male, 13 female). Subjects
were studied a mean of 3.2 � 3.6 years (range, 0.25–15.0) after
surgery. Mean visual acuity was 6/9 with a range of 6/5 to 6/60,
and a median logMAR (logarithm of the minimum angle of
resolution) of 0.1. The mean percentage of correctly identified
Ishihara color plates was 81% (range, 0%–100%).

OCT Results

The mean average thickness, a global measure of RNFL thick-
ness, was 72.66 � 19.24 �m (compared with normal controls
115.91 � 14.29 �m; P � 0.0001). Figure 2 diagrammatically
displays the absolute thickness of RNFL in micrometers, com-
paring normal eyes (n � 100) to affected eyes (n � 26). For all
clock hours the RNFL was significantly thinner (P � 0.0001 in
all cases) in affected eyes than controls. Figure 3 shows the
percentage of RNFL loss for each clock hour. When the clock
hours were combined to form four quadrants (superior, infe-

rior, nasal, and temporal), it was clear that the temporal and
nasal disc sectors demonstrated a significantly greater propor-
tion of thinning that did the superior and inferior disc sectors
(50% and 42% vs. 32% and 31% thickness loss, respectively;
P � 0.001). Twenty-one (81%) of 26 eyes were �2 SD below
normal, representing a 38% loss of thickness. The temporal
(77% of eyes abnormal) and nasal (65%) sectors of the disc
were more frequently abnormal than were the superior (62%)
and inferior sectors (54%). The most frequently abnormal clock
hours of RNFL thickness were 9 o’clock (69%, representing the
temporal pole of the disc) and the adjacent 10 o’clock (65%)
and 8 o’clock (62%) positions. In summary, although there was
generalized thinning of all sectors of the RNFL, the temporal
and nasal sectors displayed the most marked loss of RNFL.

FIGURE 2. Diagrammatic representation of OCT RNFL thickness comparing normal eyes to affected eyes. Grayscale area uses the thickest area of
RNFL as the reference (149 �m is 100% black; thus darker areas indicate a thicker RNFL). The diagram is for the right eye.

FIGURE 3. The percentage of OCT RNFL thickness lost, when com-
pared to normative data. Darker shading indicates a greater percent-
age of thickness lost (white, 0% thickness lost; black, 100% thickness
lost).
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VF Results

The mean Humphrey visual field (HVF) mean deviation (MD)
for the study group was �9.62 � 6.96 dB (range, �1.04 to
�25.29). The mean HVF PSD was 8.44 � 5.30 (range, 1.48 to
�17.03) The proportion of eyes with field sectors outside
normal limits and the mean PSD for these sectors are shown in
Table 1. The temporal VF zones were more significantly de-
pressed and more frequently outside normal limits than were
the nasal zones in every instance (P � 0.0001). The most
depressed VF quadrant was the superotemporal one. The two
VF areas that demonstrated the greatest loss of VF sensitivity
when the VF was divided into sectors according to the VF map
(Fig. 1), were sector 1 (the four most temporal points of the
VF) with a mean PSD of �15.14 dB (corresponding to the nasal

disc sector), and the temporal part of sector 6 (corresponding
to the papillomacular bundle) with a mean PSD of �14.27 dB.

Correlation between RNFL Thickness and VFS

The deviation from normal RNFL thickness showed strong corre-
lations with the temporal VF sectors (Table 2). The four strongest
correlations were at the 8 o’clock OCT position (temporal disc),
in the temporal hemifield (R � �0.813, P � 0.00001), the su-
perotemporal quadrant (R � �0.847, P � 0.00001), the infero-
temporal quadrant (R � �0.855, P � 0.00001), and the papillo-
macular bundle (R � �0.809, P � 0.00001). In general, the
superotemporal sector yielded higher correlation coefficients
than the inferotemporal sector. Nasal field sectors were not sig-
nificantly correlated with OCT parameters. When nonquadrant

TABLE 1. Proportion of Eyes Outside Normal Limits and Mean PD in Decibels for VF Zones

Visual Field Zones
Eyes Outside

Normal Limits, n (%)
Mean PD (SD)

(dB)

Temporal hemifield 24 (92) �12.93 (9.85)
Superotemporal quadrant 23 (88) �14.42 (9.51)
Inferotemporal quadrant 20 (77) �11.92 (11.36)

Nasal Hemifield 3 (11) �2.31 (2.18)
Superonasal quadrant 2 (8) �2.12 (3.68)
Inferonasal quadrant 1 (4) �2.16 (1.47)

VF Sector 1 (entirely temporal) — �15.14 (11.12)
VF Sector 2 — �9.74 (6.41)

Temporal half — �13.77 (9.54)
Nasal half — �3.03 (3.61)

VF Sector 3 — �4.75 (2.33)
Temporal half — �14.14 (9.20)
Nasal half — �1.93 (1.31)

VF Sector 4 — �4.87 (5.22)
Temporal half — �11.23 (12.44)
Nasal half — �2.15 (3.90)

VF Sector 5 — �5.90 (5.89)
Temporal half — �10.69 (11.63)
Nasal half — �1.90 (3.46)

VF Sector 6 — �10.37 (8.39)
Temporal half — �14.27 (12.03)
Nasal half — �2.56 (2.65)

TABLE 2. Relationship between OCT RNFL Deviation from Normal for Each OCT Parameter and Average Visual Field PSD at Each Visual
Field Zone

OCT
Parameter MD PSD T ST IT N SN IN

Central Visual
Field (temporal to
vertical meridian)

S �0.47 0.59 �0.65 �0.63 �0.59 �0.30 �0.09 �0.13 �0.56
N �0.14 0.41 �0.40 �0.45 �0.30 �0.15 �0.11 0.11 �0.24
I �0.24 0.40 �0.35 �0.40 �0.32 �0.26 �0.12 �0.05 �0.26
T �0.58 0.74 �0.77 �0.77 �0.64 �0.30 �0.09 0.01 �0.75
Average thickness �0.41 0.62 �0.63 �0.64 �0.53 �0.28 �0.07 �0.15 �0.49
OCT.01 (S) �0.32 0.56 �0.61 �0.58 �0.55 �0.12 0.09 �0.13 �0.48
OCT.02 (N) �0.36 0.54 �0.57 �0.60 �0.46 �0.35 �0.17 �0.01 �0.38
OCT.03 (N) 0.02 0.28 �0.24 �0.30 �0.18 �0.08 �0.08 0.13 �0.13
OCT.04 (N) �0.04 0.20 �0.17 �0.20 �0.13 �0.03 �0.07 0.04 �0.05
OCT.05 (I) �0.16 0.22 �0.21 �0.22 �0.20 �0.27 0.08 �0.05 �0.08
OCT.06 (I) �0.12 0.20 �0.16 �0.15 �0.14 �0.25 �0.24 �0.05 �0.01
OCT.07 (I) �0.37 0.55 �0.51 �0.59 �0.41 �0.30 �0.04 �0.12 �0.50
OCT.08 (T) �0.62 0.81 �0.86 �0.85 �0.73 �0.20 0.10 �0.07 �0.80
OCT.09 (T) �0.46 0.67 �0.71 �0.70 �0.57 �0.17 �0.01 0.11 �0.65
OCT.10 (T) �0.52 0.58 �0.61 �0.60 �0.52 �0.37 �0.23 0.01 �0.62
OCT.11 (S) �0.47 0.47 �0.49 �0.51 �0.46 �0.33 �0.19 �0.01 �0.50
OCT.12 (S) �0.43 0.55 �0.60 �0.55 �0.60 �0.22 �0.07 �0.11 �0.49

Data are the Spearman correlation coefficient. Bold results, P � 0.05, bold and underscored, P � 0.001 (subanalysis of visual field zones split
into temporal and nasal halves not shown in entirety). S, superior; I, inferior; T, Temporal; N, Nasal; ST, superotemporal; IT, inferotemporal; SN,
superonasal; IN, inferonasal; Avg, average.
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VF sectors based on the VF map were divided into subsectors by
the vertical meridian, the temporal subdivisions matched the
magnitude and significance of the relationships in the undivided
sectors, whereas nasal subdivisions were nonsignificant.

Global and sectoral relationships between raw VF sensitiv-
ity (in dB and 1/L units) and RNFL thickness were analyzed
using linear and logarithmic regression for both scales. Coeffi-
cients of determination (R2) for these analyzes are summarized
in Table 3. The strongest sectoral R2 was observed in the
temporal OCT sector and the corresponding central part of the
VF (R2 � 0.44) using the 1/L scale with linear regression. When
the analyses included time since surgery in the regression
model, the coefficients of determination improved significantly
in both the 1/L linear regressions (from 0.35 to 0.49 for average
thickness), and the dB linear regressions (from 0.31–0.47) and
with the temporal sector strengthening (R2 � 0.57).

Table 4 shows the slopes of RNFL thickness loss versus VF
sensitivity loss in both the dB and 1/L scale with the values

standardized such that the x-axis (OCT RNFL thickness) is X �
(X � mean [X])/SD (Y) and the y-axis (VF sensitivity) is Y �
(X � mean [X])/SD (X). This normalization of OCT and VF
parameters allowed direct comparison of slopes between dif-
ferent field sectors and RNFL measures. The steepest slope
(0.67) was in the central VF (VF sector 6) and the correspond-
ing temporal optic disc (papillomacular bundle). The shallow-
est slope was in the inferonasal quadrant and the correspond-
ing superior optic disc (0.23). The remainder of slopes ranged
from 0.31 to 0.63. In general, those slopes associated with the
temporal disc and corresponding VF sectors were steeper than
those associated with the nasal disc and their corresponding
VF sectors (0.40–0.67 vs. 0.23–0.34).

The relationship between RNFL and VA or color vision was
also studied. All patients who had VA of 20/30 or worse had
temporal disc RNFL thickness of 50 �m or less. A similar
relationship was seen with Ishihara color plate performance,

TABLE 3. Coefficient of Determination (R2) of Regression between VFS (Raw Sensitivity Data) and RNFL Thickness, without and with “Time
since Surgery” Incorporated into the Analysis

Without Time since Surgery

dB Sensitivity 1/L Sensitivity

OCT Parameter
(Clock Hour)

Linear
Regression

(R2)

Logarithmic
Regression

(R2)

Difference
in Fit
(P)

Linear
Regression

(R2)

Logarithmic
Regression

(R2)

Difference
in Fit
(P)

Avg. thick 0.31 0.31 0.401 0.35 0.31 0.018
OCT.09 0.17 0.17 0.304 0.29 0.28 0.886
T 0.34 0.33 0.456 0.44 0.40 0.291
OCT.03 0.12 0.12 0.864 0.05 0.06 0.658
N 0.18 0.18 0.316 0.10 0.11 0.490
I 0.22 0.21 0.440 0.22 0.17 0.100
S 0.39 0.41 0.211 0.32 0.29 0.100

With Time since Surgery

dB Sensitivity 1/L Sensitivity

OCT Parameter
(Clock Hour)

Linear
Regression

(R2)

Logarithmic
Regression

(R2)

Difference
in Fit
(P)

Linear
Regression

(R2)

Logarithmic
Regression

(R2)

Difference
in Fit
(P)

Avg. thick. 0.47 0.46 0.360 0.49 0.46 0.020
OCT.09 0.27 0.27 0.960 0.40 0.39 0.759
T 0.46 0.45 0.844 0.57 0.53 0.125
OCT.03 0.18 0.19 0.286 0.07 0.08 0.471
N 0.24 0.26 0.294 0.12 0.13 0.857
I 0.31 0.32 0.796 0.55 0.55 0.373
S 0.53 0.55 0.422 0.52 0.48 0.037

Avg. thick, average thickness; S, superior; I, inferior; T, temporal.

TABLE 4. Slopes and 95% Prediction Intervals of Slope for Relationship between VF Sensitivity and
RNFL Thickness

Visual Field Zone
Slope for 1/L Sensitivity

(95% CI for slopes)
Slope for dB Sensitivity

(95% CI for slopes)

Mean VFS 0.63 (0.32–0.94) 0.60 (0.28–0.91)
Visual field sector 6 0.67 (0.39–0.95) 0.60 (0.28–0.91)
Visual field sector 1 0.34 (0.07–0.75) 0.47 (0.09–0.84)
Superotemporal 0.47 (0.10–0.85) 0.47 (0.10–0.85)
Superonasal 0.31 (0.02–0.60) 0.24 (0.02–0.60)
Inferotemporal 0.40 (0.31–0.90) 0.45 (0.36–0.95)
Inferonasal 0.23 (0.13–0.59) 0.36 (0.02–0.74)
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where every subject who incorrectly identified 3 or more of 14
color plates had temporal disc RNFL thickness below 50 �m.

A scatterplot of raw VFS in 1/L scale (Fig. 4) against mean
RNFL thickness reveals an offset bias of RNFL measurements
with no readings below approximately 40 �m. A scatterplot of
the relationship between temporal disc RNFL thickness and
the corresponding VFS of the papillomacular bundle (VF sector
6) showed that there was a change in the structure–function
relationship at a value of 50 �m (Fig. 5). Below this RNFL
thickness, the VFS showed marked variability; however, when
the thickness was more than 50 �m, the relationship was more
predictable.

DISCUSSION

This is the first study to compare the structure-function corre-
lation of RNFL thinning, as measured by OCT with SAP in
patients with chiasmal compression. Our data demonstrated
that loss of RNFL thickness correlated with the severity of loss
of VFS and occurred diffusely in all sectors, even in patients
who had strict bitemporal hemianopic VF loss on SAP. How-
ever, the horizontal sectors of the RNFL (temporal and nasal)
showed proportionately greater thinning than did vertical sec-
tors, consistent with the clinical appearance of “band atrophy”
that may be seen in patients with chiasmal compression. The
correlation between RNFL and VFS strengthened as the time
from surgical intervention increased. The sectoral correlations
showed patterns distinctively different from glaucoma, with
the temporal optic disc showing the strongest correlation with
the corresponding central VF as well as with central visual
acuity and color vision.

These findings extend our understanding of distribution of
RNFL loss at the optic nerve head when the site of damage is
at the chiasm. The two available histopatholgic examinations
of the optic nerve in patients with optic atrophy secondary to
chiasmal compression14,15 suggest that this syndrome leads to
severe atrophy of temporal and nasal fibers that originate from
ganglion cells nasal to the fovea. Our results also showed
temporal and nasal loss of the RNFL, but in addition, diffuse
loss over the entire disc. The diffuse loss of RNFL reflects that
in most cases, although compressive lesions of the chiasm
primarily affect the crossing fibers, they also affect noncrossing
fibers.16 Three smaller studies have also demonstrated diffuse
thinning of the RNFL in chiasmal compression using OCT and

scanning laser polarimetry (SLP), in addition to preferential
thinning of the temporal and nasal sectors.17–19

The clinical diagnosis of optic atrophy is based on pallor of
the optic disc, narrowing of the retinal vasculature, and loss of
RNFL reflexes. The evaluation of optic disc color is subjective
and of unproven reliability. Furthermore, it is well recognized
that the degree of pallor does not necessarily correlate with the
level of visual function. Several investigators have evaluated
methods for improving the grading of optic pallor including
enlarging high-contrast black and white prints,20,21 estimating
optic atrophy by color contrast, and quantifying the degree of
atrophy by microdensity in the blue (470 nm) and in the red
(640 nm) regions.22,23 Focal loss of the RNFL may be visualized
as retinal nerve fiber bundle defects.24 However, these tech-
niques require methods unavailable in standard clinical prac-
tice and demand a high degree of familiarity with the tech-
niques. OCT appears to provide a more objective and practical
measurement of RNFL loss than does clinical assessment.

Our OCT measurements of the RNFL provide an accurate
reflection of the degree of VF loss. The present study had a
good range (MD from �1.04 to �25.29) of normal to severe VF
for study and therefore is able to represent a comparison of
OCT and VF effectively. The correlations between VF loss and
RNFL were robust in that the temporal areas that demonstrated
significant field loss correlated highly with OCT thinning,
whereas the nasal VF sectors did not show significant correla-
tions with corresponding VF zones.

This study allows the first comparison of structure–function
relationships between glaucoma and another disease in which
retinal ganglion cells are the primary neuron that is injured.
The quantitative comparison between functional and structural
deficits in the same eye has been evaluated to date solely in
normal and glaucomatous eyes. Glaucomatous optic neuropa-
thy has been shown to produce loss of VFS that correlates both
in extent and location to OCT-identified areas of RNFL thin-
ning.25–27 Reasonably strong global correlations have been
shown between mean RNFL thickness and SAP or corrected
PSD (R � 0.68 and �0.59, respectively).28 Clinically, glauco-
matous optic neuropathy is characterized by preferential loss
of RNFL in an hour-glass pattern, loss superiorly and inferiorly,
with relative sparing of the temporal and nasal sectors.29 Quan-
titatively, OCT-measured thinning of superior and inferior
RNFL correlates with SAP MD, inferior SAP sensitivity, and
superior SAP sensitivity at R2 � 0.35, 0.38, and 0.43, respec-
tively.25 Studies in glaucoma have consistently shown that the

FIGURE 5. Scatterplot of temporal OCT RNFL thickness measured by
OCT and VFS in the papillomacular bundle (VF sector 6).

FIGURE 4. Scatterplot of Average RNFL thickness measured by OCT
and VFS in the 1/L scale.
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superior and inferior structural analyses by sector were more
informative in predicting VF loss than data from the temporal
or nasal sectors and correlate more strongly with the corre-
sponding VF sectors.3,30,31

In contrast, the present study has demonstrated that chias-
mal compression has a different pattern of regional OCT loss
and corresponding VF damage from that of glaucoma. Al-
though retinal ganglion cells die diffusely in both conditions,
chiasmal injury causes greater injury in the temporal and nasal
RNFL and strong correlations between structure and function
in the corresponding VF sectors. Patients with chiasmal syn-
drome have, in addition, correlations between temporal RNFL
thickness loss and visual acuity and color vision. The differ-
ences between glaucoma and chiasmal syndromes effect on
retinal ganglion cells may derive from the location of injury to
their axons, the type of injury, or its chronicity. Current evi-
dence suggests that the major site of damage in glaucoma is at
the level of the optic nerve head/lamina cribrosa with the
superior and inferior poles being the most susceptible sites. In
chiasmal compression, the axons that are closest to the ex-
panding mass are those crossing from the nasal hemiretinal
ganglion cells. The temporal hemiretinal fibers become in-
volved when the tumor enlarges and affects the noncrossing
fibers. The mechanism of injury may also partly explain the
difference between compression and glaucoma; the slow
chronic nature of compression by the tumor may result in
axoplasmic stasis compared with glaucoma. Hence, this may
reflect a reversibility that is not usually present in glaucoma.

The structure–function relationship tended to strengthen as
time passed after the surgical intervention. Recovery of vision,
both immediate and delayed, after decompression surgery is a
well-established occurrence. Immediate recovery is postulated
to result from the removal of physiologic conduction block and
restoration of signal conduction.32,33 Visually evoked poten-
tials have been documented to occur within 10 minutes of
decompression.34 Delayed recovery of visual function after
compression of the optic nerve has been attributed to progres-
sive remyelination of previously compressed axons that have
undergone demyelination or re-establishment of vascular sup-
ply that potentially is hampered by stretching of the chiasmal
blood supply by the tumor and consequent improvement of
retinal ganglion cell function.33,35–39 As the interval from in-
tervention increases, it is likely that the fate of the RGC is
determined: Either the dysfunctional RGCs recover or they die.
The relationship between structure and function strengthens
as the component of RGCs that are damaged but not dead
decreases. In other words, VF testing measures defects pro-
duced by both dead and dysfunctional RGCs, whereas ana-
tomic measurements such us RNFL thickness only reflect the
axons that have died. After the compression is relieved by
surgical intervention, the VF improves for those axons that
were nonfunctional, and the anatomic measurements reflect
the surviving axons. This suggests that visual sensitivity losses
likely precede ganglion cell death in compression syndromes
and psychophysical measures in this setting include a compo-
nent of cell dysfunction as well as cell death. Although this is
striking in compression syndromes, this potential period of
visual recovery has not been validated to occur in glaucoma.
For example, detailed histologic analysis of retinal ganglion cell
morphology after intracellular injection of fluorescent dyes has
shown that the cell soma, dendritic tree, and axon may shrink
before the onset of cell death in glaucoma.40–42 This observa-
tion suggests that the potential may exist to predict which
patients may demonstrate improvement of visual function in
chiasmal compression: If RNFL thinning does not occur even in
the presence of profound VF loss, it may be that visual recovery
is possible.

In glaucomatous optic neuropathy, there is a linear relation-
ship between the number of ganglion cells and DLS when DLS
is represented in the 1/L scale.43–45 This suggests that struc-
tural and functional damage follow a parallel path, despite the
obvious variabilities in test paradigms. It is clear evidence that
in glaucoma the methods for measuring reduction in the num-
ber of cells and loss of cell responsiveness are closely linked.
The relationship is not linear when DLS is represented in the
decibel scale, because this presents the information logarith-
mically transformed by comparison with nonlogarithmically
plotted cell anatomic data. When we view the relationship in
thickness versus decibel scales, the VF sensitivity changes at
more normal decibel levels are minimal (compared to OCT
thickness) and are magnified at low decibel levels.44,45 We
found that chiasmal compression also suggests a linear relation-
ship for global index information, but the power of the study
may have prevented confirming such a relationship sectorally.
Despite differences between glaucoma and compression syn-
dromes, the implication is that disorders in which ganglion
cells die diffusely, as well as within their own selective pat-
terns, lead to a consistent loss of functional capability for an
increment of anatomic neuronal loss. In essence, this serves as
a validation of both our structural and functional test methods.

There were differences, however, between the details of
the structure–function correlation in compression compared
with glaucoma. The slope of the structure–function regression
models are different in compression and glaucoma (Schlottman
et al.7). In part, difference may result from our method of
normalization of OCT and VF parameters, because of the dif-
ference in variability of each parameter. This allows direct
comparison of slopes between different field sectors and RNFL
measures, but is not a method used in other studies. The same
level of change in RNFL thickness at the papillomacular bundle
results in greater change in VF sensitivity than any other sector
of the RNFL. In glaucoma, it was the superotemporal and
inferotemporal sectors that had the steepest slopes.7 The dif-
ferences in the slopes could be explained by preferential dam-
age to different types of ganglion cells, their regional distribu-
tion, or the different time course of the disease process.

It is intriguing that some relationships that would be ex-
pected to be strong were not. For example, the nasal side of
the disc did not show a stronger correlation to the correspond-
ing temporal sectors. This finding may be in part due to the
smaller range of VF defects in these sectors, as they tended all
to be significantly abnormal. However, OCT clock hour 2 had
a robust correlation to VF sector 1 of the Garway-Heath map
(which are the four points exclusively temporal). Also, the
nasal VF sectors did not show any significant correlation to the
corresponding temporal optic disc sectors. Although we iden-
tified thinning in the superior and inferior RNFL of approxi-
mately 33%, the SITA-standard VF test identified only mild
abnormalities in the corresponding nasal sectors with no nasal
sector showing a mean deviation of greater than �4.8 dB.

Hence, the lack of correlation may be due to the limitation
of white-on-white perimetry to identify early abnormalities in
the VF. Studies have shown that short-wavelength automated
perimetry and frequency doubling technology have shown
closer agreement with structural assessments in glaucomatous
optic neuropathy.46 Further research comparing structural pa-
rameters with other psychophysical tests of visual function
may also demonstrate stronger correlations for compressive
optic neuropathies.

Alternatively, the generalized thinning of the RNFL may be
explained by the fact that every clock hour of the optic disc
receives crossing fibers; even the temporal side of the disc
receives fibers from the retina between the vertical meridian
through the fovea and the disc. The upper and lower poles of
the optic disc receive a significant number of fibers from the
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retina temporal to the fovea, which are noncrossing fibers, and
this is why the loss of fibers in these sectors would not be
expected to be as dramatic as in the bow-tie region, which
receives predominantly crossing fibers.

There are several limitations of this study that may affect the
accuracy of correlating clinical VFs with ganglion cell loss.
Some are due to the inherent anatomic and psychophysiologic
variability in the techniques used in measuring structure or
function. At RNFL thicknesses below 50 �m (Fig. 5), there was
tremendous variability in central VFS. We never measured
RNFL thickness less than 40 �m. Schlottman et al.7 were
unable to measure RNFL less than 20 �m with SLP7 and sug-
gested that this inability may be due either to inaccuracies in
measuring a thin RNFL or to other unspecified sources of
retardation. It is possible that even with complete axonal loss,
the residual nerve fiber layer measured by the OCT is a reflec-
tion of other structures such as astrocytes.

Some areas of the RNFL may have a higher interindividual
variability than others. It has been suggested that the infero-
temporal and superotemporal sectors have lower intereye vari-
ability in normal subjects.47 Another sector-related problem
could be the correlation between the RNFL thicknesses of
adjacent sectors, causing relationships to appear with sectors
that are merely close neighbors of the responsible sector re-
sulting in the well-correlated areas appearing wider. Garway-
Heath et al.5 discussed that in devising their structure–function
map, the mean SD of VF sectors for correspondence at the
optic nerve head positions was 7.2°, suggesting that 95% of the
time a VF test point will be associated with a position at the
ONH within approximately 14° either side of a mean. Thus, the
range of possible positions at the optic nerve covers almost 30°
for each VF test point. Variability in the location of the OCT
scan with regard to the disc margin may also reduce the
strength of the relationship between deviation from normal
RNFL thickness and SAP PD. Not surprisingly, the VF/optic
nerve map used in this study failed to identify with certainty
the structure–function correlation, as the map was derived
from a cohort of patients with glaucoma. However, when the
map was further subdivided to respect the vertical meridian,
the correlation of the temporal Garway-Heath sectors were as
robust as the hemifields and quadrants; because, although
lesions in the chiasm result in anterograde degeneration, they
do not alter the relationship between the loss of axons or the
thinning of the RNFL at the optic disc and its associated retinal
ganglion cell bodies. Finally, despite this study’s being the
largest series of compressive optic neuropathies quantified
with OCT and SAP reported to date, the number of patients
studied may have limited the identification of significant rela-
tionships. In summary, this study adds to the body of evidence
for a topographic structure–function relationship in optic neu-
ropathies. RNFL thinning and regional decreases in VF sensi-
tivity are topographically related in both location and severity
in compressive optic neuropathies, with the temporal optic
disc having the strongest structure–function correlation. Be-
cause of the high correlation demonstrated between VFS and
corresponding RNFL thickness, OCT may provide an objective
measure of ganglion cell axonal loss in chiasmal compression
and may have a useful role in the management of these condi-
tions. Furthermore, the study clearly demonstrates a difference
in the topographic changes identified at the optic nerve head
between glaucoma, which results in RNFL thinning at the
superior and inferior poles, and chiasmal compression, which
shows greatest RNFL thinning at the temporal optic disc. This
finding may be potentially useful clinically in cases in which
both diagnoses are under consideration. However, further re-
search is appropriate to determine the sensitivity and specific-
ity of this association as measured by OCT. These findings
should stimulate the investigation of whether the OCT RNFL

measurement can serve as a prognostic indicator for the recov-
ery of vision after decompressive surgery.
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Comparison of Arteritis and Nonarteritic
Anterior Ischemic Optic Neuropathies with
the Heidelberg Retina Tomograph

Helen Danesh-Meyer, FRANZCO,1,2,3 Peter J. Savino, MD,2 George L. Spaeth, MD,3 Greg D. Gamble, MSc4

Objective: Quantitative data are not available regarding the morphological appearance of optic nerve
morphology after arteritic anterior ischemic optic neuropathy (AAION) and nonarteritic anterior ischemic optic
neuropathy (NAION). The purpose of this study is to evaluate the appearance of the optic nerve head in patients
after AAION and NAION with the Heidelberg Retina Tomograph (HRT).

Design: Prospective comparative observational study.
Participants: Thirty-eight patients with either unilateral AAION (15) or NAION (23).
Methods: Heidelberg Retina Tomograph images were taken of both affected and unaffected eyes. The

quantitative changes in the optic nerve head were morphologically evaluated and compared with those of the
normal contralateral eyes.

Main Outcome Measures: Heidelberg Retina Tomograph parameters were analyzed using the uninvolved
contralateral eye as a control.

Results: The ratio between cup area and disc area was 42% larger in the affected eyes in the NAION group
than in the fellow eyes (P � 0.03, t test). In the AAION patients, the ratio between cup area and disc area was
116% larger in involved eyes than in their fellow eyes (P � 0.0003, t test). In addition, in the AAION group, relative
to their fellow eyes, the rim area was 27% smaller (P � 0.0006), cup volume was 160% larger (P � 0.021, t test),
mean cup depth was 29% larger, cup shape measure differed by 41% (suggesting more excavation), and mean
retinal nerve fiber layer thickness was 30% less. Relative to the fellow eyes in the NAION group, the rim area was
6% smaller (P � 0.13, Student’s t test), and the cup shape measure was 13% different, although these were not
statistically significant. When the uninvolved eyes of the NAION and AAION groups were compared directly, there
was no statistical difference between any of the HRT parameters, except mean cup depth (0.09 vs. 0.14 mm,
respectively; P � 0.02).

Conclusions: This study is the first to demonstrate quantitatively an enlargement and excavation of the optic
cup after an event of AAION, but not NAION. The eyes affected with AAION showed significant excavation and
enlargement of the optic cup when compared with contralateral uninvolved eyes. All HRT-generated parameters
showed changes consistent with increased enlargement and excavation of AAION-involved eyes. These changes
were not observed in eyes that experienced an event of NAION. Ophthalmology 2005;112:1104–1112 © 2005 by

the American Academy of Ophthalmology.
Anterior ischemic optic neuropathy (AION) appears in 2 major
forms, arteritic (AAION) and nonarteritic (NAION). Each has
a distinct clinical appearance in both the acute and chronic
stages. Although both present with disc edema, AAION has a
characteristic pallid disc swelling, whereas NAION presents
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with a more hyperemic disc. Optic disc cup enlargement and
excavation or cupping are reported to be the typical end stage
of AAION but not of NAION.1–8 However, these observations
have been made based on interpretation of color optic disc
photographs. The development of laser-based disc imaging,
such as with the Heidelberg Retina Tomograph (HRT; Heidel-
berg Engineering, Heidelberg, Germany), provides a more
objective method9–14 to evaluate the optic disc appearance
after AION. The aim of this study was to compare and eval-
uate, utilizing this new technology, the morphology of the
optic nerve in patients after AAION and NAION.

Materials and Methods

Patients were recruited from the Neuro-ophthalmology Service of
Wills Eye Hospital from June 30, 1999 to July 1, 2000. The study
was approved by the Wills Eye Hospital institutional review board.

The research adhered to the tenets of the Declaration of Helsinki.

ISSN 0161-6420/05/$–see front matter
doi:10.1016/j.ophtha.2004.12.041



Danesh-Meyer et al � Optic Disc Morphology Studied with HRT in AAION and NAION
Visual acuity (VA) was measured using a retroilluminated Snellen
Early Treatment Diabetic Retinopathy Study letter chart. Loga-
rithm of the minimum angle of resolution (logMAR) values were
used for statistical analysis. No light perception (LP) was given a
logMAR value of 3.0; LP, 2.3; hand movements (HM), 2.0; and
counting fingers, 1.5.15

The inclusion criteria for patients to be admitted to the study for
NAION were (1) unilateral disc swelling with clinical features
consistent with NAION observed in the acute phase at Wills Eye
Hospital; (2) resolution of the initial disc swelling within 8 weeks;
(3) original NAION episode �6 months before recruitment to the
study; (4) exclusion of AAION on either clinical grounds, such as
lack of clinical suspicion, or negative temporal artery biopsy;
(5) no other posterior segment ocular pathology (e.g., diabetes,
age-related macular degeneration, glaucoma); (6) intraocular pres-
sure (IOP) � 21 mmHg; and (7) refractive error � 5 diopters (D)
equivalent sphere or 3 D of astigmatism.

The inclusion criteria for patients to be admitted to the study for
AAION were (1) unilateral disc swelling with clinical features
consistent with AAION observed in the acute phase at Wills Eye
Hospital, (2) temporal artery biopsy–confirmed giant cell arteritis,
(3) resolution of the initial disc swelling within 8 weeks,
(4) original AAION episode �6 months before recruitment to the
study, (5) no other posterior segment ocular pathology except
AAION (e.g., diabetes, age-related macular degeneration, glau-
coma), (6) IOP � 21 mmHg, and (7) refractive error � 5 D
equivalent sphere or 3 D of astigmatism.

In addition, all patients had to (1) have a normal contralateral
eye, with the criteria of normal ophthalmologic and neuro-
ophthalmologic assessment, best-corrected VA � 20/40, IOP � 21
mmHg, refractive error � 5 D equivalent sphere or 3 D of
astigmatism, and normal static perimetry (Program 24-2, Hum-
phrey Instruments, Carl Zeiss Meditec, Dublin, CA) being met; (2)
have a negative family history of glaucoma; and (3) give informed
consent.

Heidelberg Retina Tomograph imaging (version 1.01) was per-
formed in both eyes of all subjects by an experienced operator. The
HRT imaging was performed no sooner than 8 weeks after the
initial documentation of disc swelling. The HRT contains a low-
intensity diode laser (670-nm wavelength) and a confocal imaging
system. The technique has been described in detail elsewhere.16

Briefly, each scan (comprising 32 confocal images), centered on
the optic disc and perpendicular to the optic axis of the eye, is
acquired from the level of the posterior vitreous to the retrolaminar
optic nerve. Images that were not properly focused and those in
which too much movement was detected were rejected from fur-
ther analysis. Three well-centered 10° images were acquired. All
images had a pixel mean standard deviation of �50 �m. The mean
topographical image was derived from the sum of the best 3
images that demonstrated the lowest mean deviation, as indicated
by the HRT software. For each mean image, topographical param-
eters were evaluated within the area defining the optic nerve head
border. The contour line (disc margin) was drawn using a com-
puter mouse system by a trained observer who was masked to the
patient diagnosis and characteristics. Patients’ pupils were dilated
with tropicamide 1.0%.

The optic nerve head parameters examined included cup, rim
and disc areas, cup-to-disc area ratio, cup and rim volumes, retinal
nerve fiber layer (RNFL) cross-sectional area, and mean RNFL
thickness. Values for the various optic nerve head components
were obtained from the analysis of a mean topographical image per
subject. HRT-1 also provides a glaucoma index and a classification
of normal (positive index) or glaucoma (negative index) based on

a discriminant function elaborated by Iester et al.17
Statistical Analysis

The mean values for normally distributed (or rendered normal)
various optic nerve head components were analyzed using a fixed-
effects mixed-models approach with eyes nested within subjects.
Significant main effects were further explored using the Tukey
method. All tests were 2 tailed, and a 5% significance level was
maintained throughout. The mixed models extended to an analysis
of covariance to provide adjustment for the potential confounding
effect of age. Linear agreement between variables was sought
using the Spearman correlation coefficient. All analyses were
performed using SAS18 procedures.

Results

Fifty patients with acute AION were examined during the time
period of the study. Thirty-eight (76%) fulfilled the inclusion
criteria, 15 with NAION and 23 with AAION. Nine patients were
excluded because of a family history of glaucoma and 3 because
the IOP in either eye was �21 mmHg. The demographic data for
the 2 groups are in Table 1. Patients with AAION were slightly
older than patients with NAION. The mean VA in the affected
eyes of patients with AAION was CF (median, HM; range, 20/20
to no LP), which was worse than the mean in eyes affected with
NAION (20/100 [median, 20/80; range, 20/20 to CF]).

We compared the values in affected and uninvolved eyes in
each patient to estimate the change caused by the disease, assum-
ing that the eyes were originally symmetrical. The optic disc area
did not vary significantly (P � 0.34) between eyes in either group.
When the uninvolved eyes of the NAION and AAION groups
were compared directly, there was no statistical difference between
any of the HRT parameters except the mean cup depth (0.09 vs.
0.14 mm, respectively; P � 0.02).

The ratio between cup area and disc area was 42% larger in the
affected eyes in the NAION group than in fellow eyes (Table 2;
P � 0.03, t test). Compared with the fellow eyes in the NAION
group, rim area was 6% smaller (P � 0.13, t test), and the cup
shape measure was 13% different, although these were not statis-
tically significant. In the AAION patients, the ratio between cup
area and disc area was 116% larger in involved eyes than in their

Table 1. Demographic Information of Patients with
Nonarteritic Anterior Ischemic Optic Neuropathy (NAION)
and Arteritic Anterior Ischemic Optic Neuropathy (AAION)

NAION
(n � 15)

AAION
(n � 23)

Age (mean) 66.6 72.7
Range 50–90 54–89
SD 11.9 10.2

Gender
Female 46% 37%
Male 54% 63%

Eye
Right 7 11
Left 8 12

Snellen VA of uninvolved
eye (SD, logMAR)

20/30 (0.34) 20/20 (0.19)

Snellen VA of involved
eye (SD, logMAR)

20/100 (0.53) Counting fingers
(1.12)

logMAR � logarithm of the minimum angle of resolution; SD � standard
deviation; VA � visual acuity.
fellow eyes (Table 3; P � 0.0003, t test). In addition, in the
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AAION group, relative to their fellow eyes, rim area was 27%
smaller (P � 0.0006), cup volume was 160% larger (P � 0.021,
t test), mean cup depth was 29% larger, cup shape measure
differed by 41% (suggesting more excavation), and mean RNFL
thickness was 30% less.

We also compared the involved eyes of the 2 groups of patients
(Table 4). Although there was no difference in disc size between
eyes with NAION and those with AAION, the cup area, rim area,
cup volume, and cup-to-disc area ratio all consistently suggested a
significantly larger cup and less rim in eyes with AAION. This
remained constant even when adjusted for age and VA. There was
no statistical difference in the reference plane height between the
2 groups.

The Mikelberg discriminant function uses a subset of the data
from each eye to classify each optic disc as falling within a range
characteristic of a normal control population (the index value is a
positive number) or a range exhibited by a group with glaucoma (a
negative index value). When this value was analyzed in our pa-
tients, 17 (73.9%) of 23 involved AAION eyes were classified as
glaucoma, whereas 2 (8.6%) of 23 unaffected AAION eyes were
classified as glaucoma. In the NAION group, 2 (13.3%) of 15
involved eyes and 1 (7%) of 15 unaffected eyes were classified as
glaucoma.

Figure 1 provides an example of a patient with NAION in the left
eye (Fig 1A) and the contralateral uninvolved right eye (Fig 1B).
Figures 2 to 4 are examples of patients with unilateral AAION and
their corresponding normal fellow eyes.

Table 2. Nonarteritic Anterior Ischemic O
Uninv

Disc area (mm2) (SD)
Cup area (mm2) (SD)
Rim area (mm2) (SD)
Cup volume (mm3) (SD)
Cup-to-disc area ratio (SD)
Rim volume (mm3) (SD)
Mean cup depth (mm) (SD)
Cup shape measure (SD) �
Height variation contour (mm) (SD)
Mean RNFL thickness (mm) (SD)
RNFL cross-sectional area (mm2) (SD)

RNFL � retinal nerve fiber layer; SD � standard devi

Table 3. Arteritic Anterior Ischemic Op
Uninv

Disc area (mm2) (SD)
Cup area (mm2) (SD)
Rim area (mm2) (SD)
Cup volume (mm3) (SD)
Cup-to-disc area ratio (SD)
Rim volume (mm3)
Mean cup depth (mm) (SD)
Cup shape measure (SD) �
Height variation contour (mm) (SD)
Mean RNFL thickness (mm) (SD)
RNFL cross-sectional area (mm2) (SD)
RNFL � retinal nerve fiber layer; SD � standard deviation.
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Discussion

Changes to the optic cup disc morphology occur after both
AAION and NAION. Typically, the optic disc in NAION
shows flattening and pallor of the rim, decreased diameter of
the retinal arterioles, and reduced visibility of the RNFL. In
addition, the size and shape of the neuroretinal rim and optic
disc cup size have been shown not to change significant-
ly.19,20 Arteritic AION, on the other hand, is said to produce
excavation and enlargement of the cup that are similar to
glaucoma.1,2

This study is the first to demonstrate quantitatively, by
the use of the HRT, disc cup enlargement after AAION. Our
conclusions are made more robust by comparing each eye
with its uninvolved fellow eye. Because it is rare to have
knowledge of the disc appearance before an episode of
NAION or AAION, we selected unilateral cases to compare
the disc findings in the fellow eye with those in the involved
eye. Assuming that the involved eye differed little from its
fellow before the event, the difference between them can
serve as a useful surrogate for change caused by the disease.

The eyes affected with AAION showed significant ex-
cavation and enlargement of the optic cup when compared
with the contralateral uninvolved eye. The HRT-generated

Neuropathy: Comparison of Involved and
Eyes

ved Uninvolved P Value

0.38) 1.65 (0.42) 0.37
0.27) 0.20 (0.26) 0.18
0.41) 1.47 (0.39) 0.13
0.04) 0.03 (0.06) 0.66
0.16) 0.12 (0.14) 0.03
0.22) 0.37 (0.21) 0.17
0.05) 0.09 (0.06) 0.58
0.06) �0.23 (0.07) 0.20
0.08) 0.36 (0.12) 0.28
0.08) 0.19 (0.09) 0.11
0.34) 0.83 (0.35) 0.18

europathy: Comparison of Involved and
Eyes

ved Uninvolved P Value

0.34) 1.61 (0.30) 0.73
0.45) 0.31 (0.23) 0.0032
0.38) 1.30 (0.26) 0.0006
0.15) 0.05 (0.05) 0.021
0.23) 0.19 (0.12) 0.0003
0.46) 0.28 (0.11) 0.87
0.06) 0.14 (0.06) 0.039
0.09) �0.22 (0.08) 0.0006
0.63) 0.42 (0.42) 0.65
0.12) 0.20 (0.07) 0.037
0.55) 0.88 (0.29) 0.59
ptic
olved

Invol
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parameters such as the cup shape measure, cup-to-disc area
ratio, rim area, RNFL thickness, and RNFL cross-sectional
area all showed changes consistent with increased enlarge-
ment and excavation of the cup in the AAION-involved
eyes. These variables are also known to have the strongest

Table 4. Involved Eyes: Comparison of Nonarte
and Arteritic Anterior Ischem

Disc area (mm2) (SD)
Cup area (mm2) (SD)
Rim area (mm2) (SD)
Cup volume (mm3) (SD)
Cup-to-disc area ratio (SD)
Rim volume (mm3) (SD)
Mean cup depth (mm) (SD)
Cup shape measure (SD) �
Height variation contour (mm) (SD)
Mean RNFL thickness (mm) (SD)
RNFL cross-sectional area (mm2) (SD)

RNFL � retinal nerve fiber layer; SD � standard devi

Figure 1. A, Heidelberg Retina Tomograph of nonarteritic anterior isc

Heidelberg Retina Tomograph of contralateral normal right eye. Arrow indica
correlation with cupping seen with glaucoma.21–24 The total
rim area and volume were also significantly lower in the
AAION-involved eyes than in the contralateral uninvolved
eyes. Furthermore, 17 (73.9%) of 23 AAION eyes had a
value of the discriminant function that classifies them as

Anterior Ischemic Optic Neuropathy (NAION)
ptic Neuropathy (AAION)

N AAION P Value

0.38) 1.64 (0.34) 0.40
0.27) 0.65 (0.45) 0.002
0.41) 0.95 (0.38) 0.0023
0.04) 0.13 (0.15) 0.0002
0.16) 0.41 (0.23) 0.0017
0.22) 0.29 (0.46) 0.23
0.05) 0.18 (0.06) 0.0004
0.06) �0.13 (0.09) 0.026
0.08) 0.49 (0.63) 0.42
0.08) 0.14 (0.12) 0.70
0.34) 0.61 (0.55) 0.70

c optic neuropathy left eye. Arrow indicates deepest point of cup. B,
ritic
ic O

NAIO

1.61 (
0.26 (
1.38 (
0.04 (
0.17 (
0.31 (
0.10 (
0.20 (
0.33 (
0.17 (
0.76 (
hemi

tes deepest point of cup.
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similar to glaucoma eyes, whereas only 2 (13%) of 15
NAION eyes did so. By contrast, slight differences were
noted in disc parameters in affected NAION eyes compared
with their fellow uninvolved eyes; it was striking how
modest the changes were relative to the substantial damage
to VA that the patients suffered. The cup-to-disc area ratio
increased (from 0.12 to 0.17, P � 0.03), but none of the
other HRT parameters showed a difference between in-
volved and uninvolved eyes.

These results raise several questions. First, why is there
a difference in the final disc appearance in these 2 forms of
AION? Several possible theories may be entertained. The
final disc appearance may be related to the magnitude of the
ischemic event, with greater loss of disc tissue in AAION.
The most common optic nerve appearance in acute AAION
is pallid disc swelling, with few hemorrhages reflecting an
extensive ischemic assault on the optic nerve. In the acute
phase of NAION, the optic nerve has a less pale and more
hyperemic appearance. The extent of visual loss also sug-
gests that the ischemic event of AAION is more severe. In
the present study, mean Snellen VAs were 20/100 for the

Figure 2. A, Heidelberg Retina Tomograph of normal left eye. Arrow indi
ischemic optic neuropathy right eye. Arrow indicates deepest point of cu
NAION group and CF for the AAION group. Other studies
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have also documented similar levels of VA loss in AAION
versus NAION.1,2,25,26 However, adjusting for VA does not
alter the observation identified between the optic disc mor-
phologies in the AAION and NAION groups.

Alternatively, the nature and not the extent of the isch-
emic event may contribute to the final disc morphology.
Despite their both being ischemic disorders, the pathogen-
esis of the 2 conditions may differ. Arteritic AION occurs
because of thrombotic occlusion of the posterior ciliary
arteries, resulting in infarction of the optic nerve head.27–31

In NAION, there is no occlusion of the posterior ciliary
artery (embolic NAION occurs rarely). Although his-
topathologic material in NAION is rare, to our knowledge,
there has been no direct documentation of vascular occlu-
sion of either the posterior ciliary circulation or the central
retinal artery. The histopathological studies available have
shown either small vessel occlusion32,33 or acute axonal
necrosis posterior to the lamina cribrosa, suggesting a role
for atherosclerosis. Transient hypoperfusion or nonperfu-
sion (such as that caused by nocturnal hypotension) may
initiate a cascade of events that leads to optic disc swelling

deepest point of cup. B, Heidelberg Retina Tomograph of arteritic anterior
cates
and ischemia in the optic nerve head.34,35 If the ischemia is



p.

Danesh-Meyer et al � Optic Disc Morphology Studied with HRT in AAION and NAION
only transient or there is preservation of some blood flow in
NAION, supporting glial tissue may be less damaged and
show less cupping and, thus, influence the final optic disc
morphology.

The premorbid disc morphology may contribute to the
final morphological disc appearance. Nonarteritic AION
tends to occur in eyes that have no or a small optic disc cup,
the so-called disc at risk.36,37 This structural feature seems
to play an important role in the pathogenesis of NAION and
may protect against cup disc enlargement. On the other
hand, it could be that clinically identifying cup disc changes
in discs with small optic cups may be more difficult. The
latter is unlikely, because the present study demonstrates
that although there is slight but significant enlargement of
the cup, the HRT parameters that reflect excavation of the
cup did not change. We found no statistically significant
difference in any of the HRT parameters between AAION
and NAION among the uninvolved eyes, except cup
depth. Although the uninvolved AAION group showed a
trend towards a larger cup-to-disc area ratio (0.19 vs.
0.12), larger cup area (0.31 vs. 0.20 mm2), and greater

Figure 3. A, Heidelberg Retina Tomograph of normal left eye. Arrow indi
ischemic optic neuropathy right eye. Arrow indicates deepest point of cu
cup depth (0.14 vs. 0.09 mm) compared with the unin-
volved NAION group, these differences did not reach
statistical significance. Furthermore, the cup shape mea-
sure that reflects the degree of excavation showed no
difference in the 2 groups of uninvolved eyes (�0.23 for
NAION vs. �0.22 for AAION). Theoretically, if the
NAION group of patients were more hypermetropic, then
there may have been some artifactual magnification of
the NAION parameters. However, there was no signifi-
cant statistical difference between the refractive errors of
the 2 groups. It may be postulated, then, that a small cup
also predisposes patients with giant cell arteritis to de-
velop AAION. This is an unexpected finding, because our
present understanding of AAION does not include the
view that a small optic cup predisposes to optic disc
infarction, and warrants further investigation.

Our results suggest that the cup disc morphology after
AAION has features similar to glaucoma. Significant en-
largement and excavation of the disc cup is one of the
defining characteristics of glaucomatous optic neuropathy.38

The question raised by these results is whether these simi-
larities between the disc morphologies of AAION and glau-

deepest point of cup. B, Heidelberg Retina Tomograph of arteritic anterior
cates
coma suggest that they may share pathogenetic features. In
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the present study, a diagnosis of glaucoma among the cohort
has been reasonably excluded. None of the patients had an
IOP of �21 mmHg in either eye, a family history of
glaucoma, suspicious optic nerves in the contralateral eye,
or an abnormal visual field (VF) in the contralateral eye. All
the parameters (except height variation contour, rim vol-
ume, and RNFL cross-sectional area) had measurements in
the AAION eye compared with the uninvolved eye that
showed a trend towards the pattern of change seen in
glaucoma. Of particular interest is that the cup shape mea-
sure, the variable most likely to denote glaucomatous exca-
vation,39 showed a significant change, from �0.22 to
�0.13. The Mikelberg discriminant analysis labeled 74% of
the AAION eyes as glaucomatous and only 6.6% of the unin-
volved fellow eyes in that group. This suggests that the mor-
phological features of AAION truly are similar to glaucoma.

Clinically, AAION and glaucoma are easily distin-
guished and are unlikely to be confused in the acute phase.
Arteritic AION presents with acute optic disc swelling with
visual loss that results in sudden loss of both central and
peripheral vision, whereas glaucoma tends to be a slowly

Figure 4. A, Heidelberg Retina Tomograph of arteritic anterior ischemic
Retina Tomograph of normal right eye. Arrow indicates deepest point of
progressive process preserving central vision until later in
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the disease. Even after the disc swelling resolves, differ-
ences exist between the appearances of the optic nerve in
the 2 conditions. Arteritic AION results in pallor of the
neuroretinal rim, whereas in glaucoma marked generalized
neuroretinal rim pallor is not a characteristic feature. In
glaucoma, the cup tends to elongate vertically and follow
the ISNT (inferior, superior, nasal, temporal) rule of rim
width. This has not been documented in AAION. Further-
more, the deep excavation that can be seen in some cases of
glaucoma (especially that associated with very elevated
IOP) is not a characteristic feature of AAION cupping.
Glaucoma is also more likely to be associated with focal or
diffuse obliteration of the rim. The cupping of AAION
usually produces diffuse obliteration of the rim; notching or
focal obliteration of the rim is not as common.

Despite these clinical differences, this study has identi-
fied that after acute AAION, changes in the optic nerve head
similar to glaucoma occur. However, simply because the 2
disorders share a common final phenotype does not imply
that the steps leading to that appearance are the same. Some
consideration should be given to the possibility that they

neuropathy left eye. Arrow indicates deepest point of cup. B, Heidelberg
optic
may share some underlying common pathogenic pathways.



Danesh-Meyer et al � Optic Disc Morphology Studied with HRT in AAION and NAION
Ischemia presumably may be a common denominator of
these 2 conditions. The site and type of insult in AAION are
known to be vascular occlusion of the posterior ciliary
arteries. Evidence suggests that vascular factors play a role
in the development of glaucomatous optic neuropathy, al-
though the part is not completely defined.40–47 Blood flow
studies also have reported poor circulation in the posterior
ciliary, central retinal, and ophthalmic arteries in patients
with glaucomatous optic neuropathy.48,49 Hence, the acute
ischemic course in AAION may represent a markedly ac-
celerated version of the chronic ischemic process that takes
place in glaucomatous optic neuropathy.2

Glaucomatous optic neuropathy is associated with pos-
terior deformation and excavation of the optic nerve head
beneath the anterior scleral canal opening.50,51 This poste-
rior excavation is thought to be due to the interaction
between the optic nerve head connective tissue, altered
astrocyte function, and ischemia.52,53 Burgoyne et al54 hy-
pothesized that posterior deformation of the disc is a man-
ifestation of IOP-induced alterations to the connective tis-
sues of the lamina cribrosa and peripapillary sclera. These
alterations may include new synthesis of extracellular ma-
trix components; physical disruption of the connective
tissue components, with a concomitant change in their me-
chanical behavior; or a combination of these processes.

To explain posterior excavation in AAION, there needs
to be damage to the surrounding connective tissue with
resultant lamina collapse as well as loss of retinal ganglion
cells. Arteritic AION results in both prelaminar and laminar
changes to the optic nerve head. In the prelaminar region,
there is extensive loss of axons, reducing the optic disc
volume.30 It is this neural tissue that normally occupies the
wide spaces between the fibrous septa of the retrolaminar
optic nerve. Liquefactive necrosis and collapse of the spaces
may in turn lead to loss of some of the posterior support of
the lamina cribrosa.2,30 Histopathologic studies30 show that,
subsequently, fibrosis of the retrolaminar septa with axonal
atrophy and gliosis occurs. Contraction of the longitudinal
fibrous septa (which are anchored to the posterior surface of
the lamina cribrosa) may result in pulling of the lamina
cribrosa posteriorly. Finally, the marked ischemia may also
have a direct weakening effect on the lamina cribrosa itself
and, thus, may play a part in the bowing backward of the
lamina cribrosa. It may be suggested that an event of
AAION results in alterations in the connective tissue and
surrounding sclera of the lamina cribrosa leading to the
posterior excavation seen after AAION.

However, several areas require further investigation and
explanation. Although the HRT values for the AAION eyes
shifted towards the pattern seen with glaucoma, it is likely
that advanced glaucoma that would cause an amount of VF
damage equivalent to that seen in the AAION eyes would
produce much more extensive excavation and enlargement
of the optic cup. Identifying glaucomatous eyes with equiv-
alent field loss and comparing them with those of AAION
patients with similar degrees of VF loss may help to shed
light on the differences in the excavation and enlargement
of the cup in these 2 conditions and are likely to demon-
strate more extensive excavation (e.g., bean pot cup) in

glaucoma. A limitation of this study is that VF analyses
were not performed on the affected eye (because of the
inability of the patient to do the test reliably with such
limited VA).

In conclusion, this study is the first to document, using
laser-based optic disc imaging, that the usual sequel to
AAION, and not NAION, is enlargement of the cup of the
optic disc. The changes in optic cup morphology in AAION
have similarities to those seen in glaucomatous optic neu-
ropathy. This may provide further evidence that it is the
interplay of vascular factors with the biomechanical prop-
erties of the optic nerve head that results in the development
of glaucomatous optic neuropathy.
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Perspective

Giant cell arteritis
Stuart C Carroll MBChB, Brent J Gaskin MBChB and Helen V Danesh-Meyer FRANZCO
Department of Ophthalmology, University of Auckland, Auckland, New Zealand

a frequent complication of GCA, and once it occurs it tends
to be both permanent and profound.1,2 The concept of GCA
(also known as temporal arteritis) was first described in 1937
by Horton et al. and was later named for the site of granulo-
matous giant cell inflammation and vessel involvement by
Jennings.3,4

Giant cell arteritis is of particular importance to ophthal-
mologists given the potential for severe visual loss. Early
diagnosis and prompt treatment are key to preventing
devastating ischaemic complications such as irreversible
blindness.

The aim of this article is to give an overview of the current
literature and concept of GCA with an emphasis on the
recent developments in its pathogenesis, treatment and
visual outcome.

EPIDEMIOLOGY AND IMMUNOGENETICS

Giant cell arteritis predominantly affects patients of Cauca-
sian origin over 50 years of age, typically in the seventh and
eighth decades of life, with women affected at least twice as
often as men.5,6 Incidence increases with age: from 2.3 per
100 000/year among patients in their sixth decade of life, to
44.7 per 100 000/year among patients in the ninth decade
and older.7,8 Population and genetic studies suggest an inher-
ited component to GCA, with disease more frequently
encountered among people of strong Scandinavian and
Northern European descent, irrespective of their place of
residence.7,9–12 There are reports of concordance within
monozygotic twins,13 and familial clustering is also seen.14

Most studies have shown an association with GCA and
human leucocyte antigen HLA-DR4 and HLA-DRB1*04
alleles.15,16 It has been suggested that HLA-DRB classes play
a pathogenic role, with the HLA-DRB1*04 allele appearing
to be both a strong risk factor for disease severity, and a
marker of corticosteroid resistance in some populations.17,18

However, a lack of homozygosity of the shared epitope in
GCA between north-western Spain19 and Rochester,
Minnesota20 suggest that the pathology seen in GCA may
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INTRODUCTION

Giant cell arteritis (GCA) is a systemic inflammatory vascu-
litis, affecting medium- to large-sized arteries. Visual loss is
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be due to antigenic cross-reactivity or hypersensitivity after
exposure and response to an infectious agent.

Immunogenetic polymorphisms may also contribute to a
susceptibility to GCA. Polymorphisms in tumour necrosis
factor alpha (TNF-α), intracellular adhesion molecule-1, reg-
ulated on activation, normal T-cell expressed and secreted
and interleukin-1 receptor antagonist have been variably
suggested to influence susceptibility independent of HLA
class.21–24

Giant cell arteritis and polymyalgia rheumatica (PMR) are
associated conditions and some consider them to be different
phases of the same disease. PMR may be the presenting
manifestation of GCA with its symptoms found in up to 50%
of patients with GCA.25 However, more frequently PMR is
an isolated condition unrelated to GCA. PMR has not been
shown to have the strength of association with HLA class II
genes as GCA and the susceptibility to isolated PMR varies
from one population to another. Relapses of PMR, however,
have been found to be significantly more common in patients
who have the HLA-DRB1*04 allele.19

HISTOPATHOLOGY

Giant cell arteritis is a chronic, systemic vasculitis of
medium- and large-sized elastic arteries, primarily, but not
exclusively, affecting arteries arising from the aortic arch.
The superficial temporal, ophthalmic, posterior ciliary and
vertebral arteries are most commonly affected.26 Less com-
monly affected are the central retinal artery, and branches of
the external carotid artery other than the superficial tempo-
ral. Intracranial arteries are usually spared. The disease affects
arteries with an elastic lamina, and pathological studies have
shown that the distribution of disease within an artery cor-
relates with the distribution of elastin.27 Involvement of the
central retinal artery, for example, shows vasculitic changes
only in the portion of the artery before entry into the optic
nerve and not within the globe – mirroring the distribution
of elastin within its wall.

Active disease is characterized by a nodular granuloma-
tous reaction centred over a fragmented internal elastic lam-
ina.28 A diagnosis of active vasculitis requires histological
evidence of inflammatory cells within the intima or media,
and either damage to, or destruction of, the internal elastic
lamina.29 The vasculitis of GCA is a panarteritis with trans-
mural inflammation, involving media, intima and adventitia,
with some residual cells remaining in the adventitia and
intima following glucocorticosteroid therapy. Thrombosis
may be present, although ischaemic symptoms are usually
the result of luminal narrowing on the basis of mural thick-
ening. The presence of multinucleated giant cells is not nec-
essary for the diagnosis. The varied temporal and spatial
course of disease activity may result in ‘skip lesions’, seg-
ments of uninvolved regions adjacent to areas of inflamma-
tion. Typically sections will show patchy inflammatory
infiltrates throughout the vessel wall composed of T-cells,
macrophages and, to a variable degree, multinucleated giant
cells.18,30

PATHOGENESIS

Through recent advances in molecular medicine and immu-
nology, a clearer understanding of the pathogenesis of GCA
has emerged. Despite these advances, the initial event that
triggers the cascade of immune and inflammatory reactions
responsible for the disease process remains elusive.

A variety of infectious agents have been suggested as the
initiating stimulus for disease. Implicated pathogens include
Parvovirus B19,31 Chlamydia pneumoniae,32 Varicella virus33 and
other human herpes viruses.34 These reports are balanced by
others, who have reported negative findings for Chlamydia,
Parvovirus B19 and herpetic DNA in GCA patients.35,36 The
presence of infectious pathogens has been suggested to rep-
resent coincidental antigen or latent virus in distant mac-
rophages responding to the vasculitis of GCA, or chronic
coincidental infection, and to date the role of microbial
pathogens in the aetiology remains unclear.

Direct immunofluorescence has demonstrated the pres-
ence of immune complexes within the arterial wall. This
suggests humoral immunity may also play some part,
although a smaller one. The target of this immune reaction
has been variously suggested to be smooth muscle, DNA,
neutrophils, cardiolipin and others.37

It is likely that both the adaptive (acquired, cell-mediated
immunity) and innate (natural, in-born) immune systems are
responsible for the symptoms and signs encountered in
GCA.

Adaptive immune responses

Current theory on pathogenesis described by Weyand and
Goronzy suggests an early event in GCA is the inappropriate
activation of the adaptive immune system via immature den-
dritic cells, which normally reside within the adventitia–
media border of the arterial wall.38,39 Immature dendritic cells
normally act to inhibit T-cell activation in the perivascular
space. Following activation, dendritic cells produce pro-
inflammatory cytokines and express receptors required for
dendritic cell–T-cell interaction. Dendritic cells most likely
represent the antigen-presenting cells in GCA.40 Activated
dendritic cells then release chemokines, which attract both
T-cells and macrophages. Macrophages and T-cells then
enter the vessel wall via the vasa vasorum.

Affected arteries show predominantly T-cell aggregates of
CD4+ (T helper/inducer) cells in excess of CD8+ (suppres-
sor/cytotoxic) cells. Selective clonal expansion of T-cells
within the vessel wall then occurs suggesting an adaptive
immune system-driven response.41,42 The antigens that incite
clonal expansion of CD4+ cell populations remain unknown.

A select group of T-cells, adjacent to the dendritic cells
within the adventitia, produce interferon gamma (IFN-γ), the
key regulating cytokine in the disease process.43 IFN-γ
induces macrophages pro-inflammatory function. T-cells also
produce TNF-α that further contributes to the activation of
macrophages and ongoing T-cell recruitment.44

Macrophages are probably the ultimate effector cells in
tissue damage, forming the prominent granulomatous reac-
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tion. They may be present in distinct functional groups
throughout the arterial wall – causing a pro-inflammatory
response in the adventitia and a destructive response in the
media.45 This destructive response is a result of lipid perox-
idation through the release of reactive oxygen-free radicals,
and fragmentation of the internal elastic lamina via produc-
tion of matrix metalloproteinases.38

Intimal thickening seen in GCA is probably a healing
response to injury.38 Various growth and angiogenic factors
may contribute to the intimal hyperplasia.46 Tissue injury also
leads to migration and proliferation of myofibroblasts, result-
ing in the deposition of extracellular matrix with subsequent
intimal thickening and stenosis/occlusion.47 The degree of
intimal thickening, neovascularization and formation of
multinucleated giant cells correlates with circulating concen-
tration of IFN-γ.46,47

Innate immune responses

A systemic inflammatory response is seen in many patients.
Systemic involvement represents an overactive acute-phase
response mediated via a cascade of humoral signals, with
interleukin-1 (IL-1) and interleukin-6 (IL-6) playing a key
role.

Interleukin-6 is released by circulating macrophages and
monocytes, stimulating the production of acute-phase pro-
teins by the liver, and acting centrally with IL-1 to produce
fever and myalgia.48 Dendritic cells have been implicated as
the cellular link to a persistent innate immune activation;
following activation, dendritic cells migrate to central lym-
phoid organs where they interact with T-cells. The exact
mechanism of macrophage or monocyte activation remains
unknown.

Relationship to PMR

The spectrum of GCA includes PMR, and both diseases may
represent variable expression of a common underlying disor-
der, to produce clinically distinct syndromes.

Polymyalgia rheumatica is more common than GCA,
affecting around 1 in 130 individuals over the age of
50 years. Typically it presents with bilateral severe aching
pain and morning stiffness in the neck, shoulder and pelvic
girdles, and lacks the inflammatory infiltrates and vaso-
oclusive ischaemic manifestations of GCA. Like GCA it is
more common in women, its incidence increases with age
and is associated with a systemic inflammatory response.49–51

Although abnormal distribution of some T-cell and mac-
rophage-derived cytokines (IL-1, IL-2, IL-6 and transforming
growth factor-β) remain similar in the temporal arteries of
patients with biopsy-proven GCA and biopsy-negative
PMR, IFN-γ is not found in PMR patients, further supporting
IFN-γ as a crucial determinant for the development of an
overt granulomatous process.52

Analyses of human temporal artery biopsies using animal
models indicate that dendritic cells are crucial in determining
tissue responses in both GCA and PMR. Although dendritic

cells are activated in both diseases, PMR arteries fail to
attract T-cells. This may reflect functional differences in den-
dritic cell activation, or a possible difference in the T-cell
repertoire of patients with GCA and PMR.53

T-cell differentiation and cytokine production have been
implicated in determining the type of vasculitis which
evolves. In patients with GCA, those that produce high
concentrations of IFN-γ correlate with marked intimal
hyperplasia and resultant tissue ischaemia.52 In patients with
GCA and concomitant PMR, high levels of IL-2 and lower
levels of IFN-γ produce a vasculitis without luminal obstruc-
tion, similar to that seen in PMR.54

Although both diseases frequently occur together, debate
remains as to the true nature of the association, and it is
possible that they represent two different but concurrent
conditions.55,56

CLINICAL PRESENTATION

It is well recognized that GCA has a wide spectrum of
clinical manifestations. Moreover, the frequency of reported
clinical features varies considerably, depending on the spe-
cialty of the reporting unit, the definition used, the require-
ments or otherwise for histological confirmation, and the use
of hospital versus community studies.

The most common presenting complaints include head-
ache, scalp tenderness, jaw claudication and/or arthralgia.57–

59 Jaw claudication is defined as pain in the jaw that begins
during mastication or speech, and eases after resting these
muscles. Constitutional symptoms of fever, weight loss, anor-
exia and malaise are also part of the clinical spectrum of GCA,
and may be mistaken for those of malignancy or concomitant
infection. Symptoms of PMR are present in up to 50% of
cases, and may be the presenting feature in patients who later
develop typical cranial manifestations of GCA.25,49,60,61

Alterations in mental status, including malaise, impair-
ment of memory, depression, delusional thinking and frank
dementia, may occur in GCA.62 These symptoms may be the
earliest manifestations of disease, although they may be
ignored or misinterpreted, especially when the patient is
elderly.63 Neuroimaging studies performed in patients with
GCA-related dementia often show evidence of multiple cere-
bral infarcts.64 However, the typical clinical manifestations
of GCA may not be present, and silent or occult GCA has
been noted in up to 38% of patients.65

Localized symptoms occur as the result of inflammation
and damage to the arterial wall – leading to vascular insuffi-
ciency and tissue ischaemia. Reduced superficial temporal
artery flow, for example, may lead to temporalis ischaemia
with subsequent jaw claudication, and scalp necrosis. Simi-
larly, involvement of the lingual artery may result in tongue
claudication.

Ocular involvement

The incidence of ocular involvement in GCA is poorly
defined, and ranges between 14 and 70%.66–68 Bilateral visual
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loss occurs in up to one-third of patients.69 Visual loss is
usually severe, and is typically the result of ischaemic optic
neuropathy, retinal or choroidal ischaemia, or rarely occipital
infarction.70 Transient visual disturbances, including amauro-
sis fugax and diplopia, have been reported in 2–30% of
patients with GCA.70 Other presentations include visual hal-
lucinations and photopsia (usually before visual loss), pupil-
lary disturbances, orbital ischaemia and ocular pain.

Ocular involvement may occur in the setting of classical
symptoms, or as the first and only indication of the disease.
Occult GCA represents between 5 and 38% of cases.71 GCA
must therefore be included in the differential diagnosis of an
elderly patient with visual loss or diplopia, even when the
patient has no constitutional or systemic symptoms.

Arteritic anterior ischaemic optic neuropathy (AAION) is
the most common ocular manifestation in GCA, responsible
for 78–99% of visual loss.57,71,72 The pathogenesis is infarc-
tion within the prelaminar and laminar portion of the optic
nerve secondary to vaso-obliterative occlusion of the short
posterior ciliary arteries.73,74 In AAION, occlusion of the
arterial lumen probably occurs secondary to rapid, concen-
tric intimal hyperplasia.38 The AAION of GCA has a char-
acteristic appearance. The infarcted optic disc has a chalk
white colour that is usually total instead of segmental.75–77

Splinter haemorrhages may be present at the disc margin.
Areas of ischaemia, such as retinal whitening continuous
with the optic disc or cotton wool infarcts in the retina, often
accompany the pale swollen optic nerve.78 Sectorial choroi-
dal ischaemia in the presence of anterior ischaemic optic
neuropathy (AION) is highly suggestive of GCA.79

Table 1 summarizes the key differences between AAION
and non-arteritic ischaemic optic neuropathy (NAION). The
visual loss of AAION is much more profound than in
NAION, with 30% or more of patients experiencing visual
loss worse than 6/60.81 Bilateral vision loss is common, occur-
ring in approximately one-third of GCA patients involving
the second eye within days or weeks.2,82 Following the reso-

lution of optic disc oedema, the optic disc morphology dif-
fers in AAION and NAION. Although the latter presents
with sectorial or total flattening and pallor, the AAION disc
typically shows cupping.80,81,83 Neuroretinal rim pallor, the
lack of focal notching of the rim and the lack of parapapillary
atrophy differentiate cupping seen in AAION from glauco-
matous cupping.

Central retinal artery occlusion is less common, affecting
10–13% of those with ocular involvement.2,82 The appear-
ance of central retinal artery occlusion in an elderly patient
who does not have visible embolic material in the retinal
arterioles must raise the suspicion of GCA.

Diplopia and ocular motor imbalance have been reported
in 2–15% of GCA patients.66,84,85 The diplopia may be tran-
sient or constant, and may be isolated or occur in the setting
of other GCA symptoms. Ischaemia of extraocular muscles,
ocular motor nerves or the brainstem may be responsible for
the diplopia of GCA. Ophthalmoplegia due to GCA may be
unilateral or bilateral.86 The oculomotor (III) nerve is thought
to be most commonly involved, often sparing the pupil.87

Various studies have evaluated the sensitivity and speci-
ficity of symptoms and signs in GCA. In these studies, the
symptoms that have consistently shown significant associa-
tion with positive temporal artery biopsy are jaw claudica-
tion, neck pain, new-onset headache and chalky white disc
oedema.58,88

Two meta-analyses have displayed the range of sensitivity
of the various clinical presentations associated with GCA:
the first showed that the only symptoms with likelihood
ratios sufficiently powerful to be useful diagnostically were
jaw claudication and diplopia.89 Jaw claudication had a sen-
sitivity of 32%, although when present, gave a four-times
increased likelihood ratio of having GCA (and thus a positive
biopsy). However, when sensitivity data were pooled for
individuals with positive temporal artery biopsies (TABs),
jaw claudication was only present 34% of the time, and
diplopia 14% of the time. Other symptoms such as weight

Table 1. Differences between arteritic and non-arteritic anterior ischaemic optic neuropathy (AION)

Finding Arteritic AION Non-arteritic AION

Symptoms
Signs or symptoms of giant cell arteritis Yes Unlikely
Amaurosis fugax Yes Unlikely
Visual loss80 Profound Variable

Mean visual acuity CF 6/30
Median visual acuity HM 6/24
Range of visual acuity 6/6 to NLP 6/6 to CF

Investigations
Raised inflammatory markers Yes No†

Positive temporal artery biopsy Yes No
Examination

Chalky white disc oedema71–73 Yes No
Sectorial choroidal ischaemia75 Yes No
Concurrent cilioretinal artery occlusion1,69 Yes No
Consecutive disc cupping76,78,79 Yes No

†Without other systemic inflammation. CF, count fingers; HM, hand movements; NLP, no light perception.
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loss, headache and visual loss had much lower likelihood
ratios. Furthermore, the absence of any particular feature did
not rule out, or make less likely, the diagnosis of GCA. The
same study demonstrated abnormal temporal artery signs
such as beading, prominence, tenderness or lack of pulse to
have a high likelihood ratio for GCA. A more recent meta-
analysis had similar findings – a summary of likelihood ratios
for symptoms and signs is presented in Table 2.90

DIAGNOSIS

No clinical symptom or sign, nor any laboratory test, is
specific for GCA.89 The American College of Rheumatology
set out criteria for the classification of GCA in 1990. The
presence of three of five criteria are claimed to have a sensi-
tivity of 93.5% and a specificity of 91.2% for diagnosing
GCA among patients with vasculitis (Table 3).91 It is worth

mentioning that these guidelines were developed as a
research tool, and did not take into account important con-
siderations in diagnosis including visual symptoms (espe-
cially in occult GCA), jaw claudication, neck pain and raised
C-reactive protein (CRP).

Westergren erythrocyte sedimentation rate

An elevated erythrocyte sedimentation rate (ESR) is the
most widely used laboratory test to support the clinical sus-
picion of GCA. However, an ESR of less than 40 mm/h has
been reported to occur in 4–22.5% of GCA patients, and
normal levels do not exclude a diagnosis of GCA.58,66,89,92,93

In cases with a raised ESR, disease activity correlates well
with the ESR level, and may facilitate disease mon-
itoring.93,94 Despite this,  the degree of elevation of ESR
does not have predictive value for the risk of ophthalmic
complications.95

Artificially low ESR values can occur from haematological
disorders (hypochromic microcytic anaemia, polycythaemia,
hereditary spherocytosis, haemoglobinopathy), impaired
hepatic protein synthesis, hypofibrinogenaemia, congestive
heart failure, increased venepuncture to test time, narrow
test tube, low body temperature, and with the use of anti-
inflammatory drugs.96 Furthermore, patients treated with cor-
ticosteroids for other conditions, for example, obstructive
airways disease, or those with an inability to fully express an
inflammatory response, may have a normal ESR despite
active GCA.97

An elevated ESR is a non-specific indicator of inflamma-
tion and is increased in malignancy, infection, connective
tissue disorders, trauma, anaemia and hypercholesterolaemia.

Table 2.  Pooled results of likelihood ratios (LR) for clinical and laboratory findings among patients with suspected giant cell arteritis

Finding Number of studies
with data on finding

Number of patients
with data on finding

Positive LR (95% CI) Negative LR (95% CI)

Headache 19 3909 1.217 (1.037–1.429) 0.748 (0.553–1.012)
Jaw claudication 19 3834 4.026 (2.384–6.799) 0.766 (0.684–0.859)
Polymyalgia rheumatica 11 1632 1.265 (0.786–2.035) 0.914 (0.769–1.086)
TA pain 8 714 2.259 (1.139–4.480) 0.639 (0.446–0.916)
Abnormal TA on palpation 11 1802 3.083 (1.812–5.247) 0.486 (0.341–0.693)
Any visual symptom 18 3323 1.301 (1.028–1.647) 0.917 (0.842–0.999)
Diplopia 6 1512 1.990 (1.289–3.071) 0.955 (0.930–0.981)
Scalp tenderness 7 1875 1.696 (0.969–2.969) 0.903 (0.767–1.063)
Weight loss 10 2125 1.300 (1.130–1.495) 0.923 (0.852–1.249)
Anorexia 6 1495 0.949 (0.629–1.433) 1.032 (0.852–1.249)
Fever 13 1381 1.377 (1.056–1.796) 0.905 (0.833–0.984)
Myalgia 6 756 1.245 (0.726–2.134) 0.798 (0.503–1.266)
Arthralgia 8 582 1.139 (0.905–1.435) 0.992 (0.991–1.117)
ESR < 50 mm/h 3 179 0.551 (0.227–1.342) 1.581 (0.756–3.308)
ESR 50–100 mm/h 3 179 1.095 (0.608–1.970) 0.963 (0.592–1.567)
ESR > 100 mm/h 3 179 2.466 (0.726–8.373) 0.775 (0.514–1.169)
Anaemia 8 1025 1.221 (0.596–2.499) 0.923 (0.718–1.185)
Thrombocytosis 5 1748 5.982 (1.445–24.771) 0.656 (0.371–0.861)

Reproduced from Niederkohr and Levin90 with permission from American Academy of Ophthalmology. CI, confidence interval; ESR,
erythrocyte sedimentation rate; TA, temporal artery.

Table 3. The American College of Rheumatology 1990 criteria
for the classification of giant cell arteritis

The presence of three or more criteria, required for the diagnosis 
of giant cell arteritis (sensitivity 93.5% and specificity 91.2%):
1. Age of onset greater than 50 years
2. Onset of new headache
3. Temporal artery abnormality (tender or reduced pulsation)
4. Elevated erythrocyte sedimentation rate, defined as 50 mm/h 

using the Westergren method
5. Abnormal arterial biopsy – showing necrotizing vasculitis with 

predominant mononuclear cell infiltration or granulomatous 
inflammation

From Hunder et al. 1990.91
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Moreover, there are differing definitions of what consti-
tutes a ‘normal’ ESR. Miller et al. found that 98% of adults
aged between 20 and 65 years had an ESR defined as follows:
for men, the upper limit of ESR is the age divided by 2, and
for women, the age plus 10, divided by 2.98 It is important
to note that the majority of GCA suspects will fall outside
the age range tested in Miller’s population. Therefore, an
elevated ESR may add clinical support to the diagnosis of
GCA; however, because of its non-specific nature, results in
isolation should be interpreted with caution.

C-reactive protein

C-reactive protein is a readily available test in most centres,
and is now commonly used in conjunction with ESR to aid
in the diagnosis of GCA. CRP is an acute-phase protein
released by hepatocytes in response to inflammation. It has
some advantages over ESR, in that it has an accurately
defined normal range that does not vary with age and sex,
nor is it affected by plasma composition or red cell morphol-
ogy. A normal CRP is said to be less than 0.5 mg/dL or 5 mg/
L. CRP is raised in patients with GCA.58,96,99 CRP has been
reported to have a sensitivity of 100% for GCA, and in the
same study the combination of the CRP and ESR was found
to have a specificity of 97%.58 The use of CRP in disease
monitoring is less well documented. CRP normalizes more
quickly, and may predict flare-ups less effectively, when com-
pared with ESR and plasma viscosity.100 A negative CRP may
be useful in differentiating patients with raised ESR from
other causes.

Platelets

Thrombocytosis may also serve as an important marker in
the diagnosis of GCA.101 It has been suggested that increased
circulating levels of IL-6 cause the thrombocytosis seen in
GCA.102 Several studies have noted a correlation between
elevated platelet counts and biopsy-proven GCA.103,104 One
additional report suggested that an elevated platelet count
(>400 × 103/L) may yield better diagnostic results than the
Westergren ESR in terms of positive predictive value (87%
vs. 54%) and negative predictive value (67% vs. 55%) in
patients suspected of having GCA.105 These results suggest
that in the setting of clinical suspicion and a raised ESR,
thrombocytosis has a relatively high specificity for distin-
guishing GCA from other disease. Following treatment with
corticosteroid, there is a prompt normalization of platelet
count that mirrors the clinical improvement.106

Other laboratory tests

Other laboratory tests have also been used to aid in the
diagnosis of GCA. A normochromic, normocytic anaemia is
common in GCA and may occasionally be a presenting fea-
ture of the disease.107 Many other tests are not used clinically
due to expense, poor availability or lack of sensitivity com-
pared with ESR and CRP, and none have superseded these

tests.  Elevated  plasma  viscosity,  fibrinogen,  complement,
IL-6 and α2- and β-globulins have been found in GCA.108–110

IL-6 is more sensitive than ESR in indicating disease activity
in both treated and untreated patients, and was elevated in
92% of untreated patients, and 89% of treated patients with
disease flares in one study.111 Abnormal liver function tests,
in particular alkaline phosphatase, may be raised in up to one
half of patients with GCA.112

Anti-cardiolipin antibodies are often raised in GCA –
positive in 46% of biopsy-positive patients in one prospec-
tive trial.112,113 This same trial showed that anti-cardiolipin
antibody level increased during relapses of GCA and, unlike
CRP and ESR, did not increase following non-GCA-
associated inflammation (e.g. infection).

Temporal artery biopsy

Histological tissue examination establishes the clinical diag-
nosis of GCA. As GCA requires long-term corticosteroid
treatment with inherent wide-ranging complications, histo-
logical confirmation is recommended in all patients.114 How-
ever, corticosteroid treatment should be initiated as soon as
the diagnosis is suspected to avoid further serious complica-
tions of the disease. TAB is associated with a low-morbidity,
although scalp necrosis (less frequently than in untreated
GCA),115 brow droop, chronic skin ulceration and stroke
(through external carotid to internal carotid anastomosis)
have been rarely described.116 When localization of the
artery to be biopsied is difficult, for example, when pulsatility
is absent, Doppler ultrasound may be helpful in delineating
its course.117

Because of the presence of skip lesions, the specimen
should be of sufficient length to reduce the risk of biopsying
only a normal portion of vessel that is sandwiched between
two areas of inflammation. Although skip areas are often only
a few millimetres in length, they occur with sufficient fre-
quency that they must be taken into consideration when
performing a TAB, and when evaluating the specimen.118–120

Skip lesions have been demonstrated in 8.5–28.3% of posi-
tive biopsies.29,119,121 In their historical account of biopsy
technique, Cohen and Smith suggest a length of at least
2.5 cm be taken.118 The exact length required is still poorly
defined in the literature, but a length of at least 20 mm is
recommended. It should be noted that formalin fixation will
result in ‘shrinkage’ of the specimen by 13%.122

The TAB should be performed within a week of initiating
systemic corticosteroids, although arteritis may be shown
histologically for more than 2 weeks and up to 6 weeks fol-
lowing initiation of therapy.123,124 Despite the longevity of
detectable active disease in these reports, one study has
shown a fall in positive biopsy rate from 82% to 60%, after
1 week from starting corticosteroid treatment.125 The sensi-
tivity of biopsy depends on the quality, particularly biopsy
length, and preparation for histological examination. Multi-
ple sections should be sampled along the entire length of the
specimen. The sections should be stained with haematoxylin
and eosin, and with a stain for elastin so that the status of
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the elastic lamina of the vessel can be determined. The
sections should then be examined by an experienced pathol-
ogist who can recognize the features of acute GCA, and
identify ‘healed’ GCA, which is characterized by mild lym-
phocytic infiltration, and scarring.37,126,127

If a unilateral TAB is negative, and the clinical suspicion
of GCA remains high, consideration should be given to
performing a biopsy on the contralateral side. A contralateral
biopsy is positive in the face of an initial negative biopsy in
4–15% of cases.58,120,128–130

Fluorescein angiography

Patients with ocular GCA demonstrate typical abnormalities
on fluorescein angiography. Prolonged choroidal and central
retinal arterial filling times, and choroidal non-perfusion or
filling defects are commonly seen.131 In patients with AION
such a pattern on fluorescein angiography would strongly
suggest arteritic disease. Subjects with NAION have been
shown to have similar choroidal filling times to normal
controls.132

Ultrasound

Ultrasonography has been proposed as a non-invasive
method of examining affected arteries in GCA. It has been
used to define arterial course before biopsy, correlate
changes in orbital blood flow with disease course and, more
recently, to detect arterial wall changes in GCA in the form
of hypoechoic halos that sit immediately adjacent to the
arterial wall and are thought to represent arterial wall
oedema.133–135 A recent meta-analysis has reported a
weighted sensitivity and specificity for the ‘halo sign’ as 69%
and 82%, respectively, when compared with temporal artery
biopsy.136 This technique requires further study to verify its
value in the diagnosis and management of GCA, and cannot
be recommended in all patients at this time.

Magnetic resonance imaging and positron 
emission tomography

Magnetic resonance imaging (MRI) has been successfully
used to diagnose large-vessel vasculitis in patients with aor-
titis.137 The degree of wall enhancement and the presence of
oedema within the vessel wall, which is thought to account
for the halo sign in ultrasound, can be detected using MRI.
A study of 20 patients with clinically suspected GCA dem-
onstrated the feasibility of this technique in visualizing mural
inflammatory changes. This raises the possibility of using
MRI to localize segments of affected artery to determine the
best site for TAB, although this requires further investiga-
tion.138 MRI is not required in the investigation of GCA.

The diagnosis of large-vessel vasculitis, traditionally chal-
lenging or invasive, may be simplified with the advent of
positron emission tomography scanning. Many small studies
have reported on its ability to detect large-vessel vasculitis
in GCA patients.139,140 Despite this, the temporal arteries are

not well visualized using positron emission tomography,
because of their small diameter, superficial location and the
intense positron emission tomography signal of the brain.141

TREATMENT

Patients presenting to ophthalmologists usually have sudden
and profound visual loss. The primary aim of treatment in
this setting is to prevent further visual loss in the affected or
the fellow eye, and ischaemic damage to other organs in the
body.

Glucocorticosteroids

Corticosteroids remain the only proven treatment for GCA.
Despite large volumes of evidence supporting their use, few
data exist to support specific dosing regimens. Typically
patients with rheumatic and systemic complaints are placed
on moderate- to high-dose oral prednisone, initially 60–
80 mg per day (reported initial doses with oral steroid range
from 20 to 100 mg/day), whereas patients with visual com-
plaints initially receive higher doses of intravenous methyl-
prednisolone, up to 1000 mg per day for 3 days (1000 mg
per day in a single or divided dose is the most frequently
reported regime), with a subsequent course of prednisone 1–
2 mg/kg/day. Once an effective dose of corticosteroid is
identified, it should be maintained in this dose range for at
least 4–6 weeks, until there is normalization of systemic
symptoms and laboratory inflammatory markers. Improve-
ment of systemic symptoms usually occurs within 24–72 h
after initiation of therapy, whereas the ESR may take several
weeks to normalize.142

The corticosteroids are tapered slowly with careful follow
up of systemic symptoms, ESR (and CRP). Total treatment
duration may last 1–2 years.142 The rate of steroid taper is
approximately 10 mg per month initially (or 10% of the total
daily dose every 1–2 weeks), then decreased to 5 mg per
month, and even as low as 1 mg per month, once a dose of
10 or 15 mg per day is reached.143 Before each dose reduc-
tion, the patient should be evaluated with a recent ESR/CRP
and a review of their initial symptomology with which they
presented. Alternate daily administration is not as effective
as daily, and cannot be depended on to control the activity
of the disease.144

Any rise in ESR/CRP or recurrence of symptoms should
raise the suspicion of reactivation of the disease and the
dosage should be maintained or increased. A rise in ESR/CRP
must also spark vigilance that concurrent opportunistic infec-
tion is present. Typically, relapses are most common within
the first 18 months, with a median time of around
7 months.142 ESR may not be as sensitive as CRP in predict-
ing relapses in patients.145 A low maintenance dose is gener-
ally adequate after the first 6–12 months of therapy. Many
patients will require low maintenance doses of corticos-
teroids for many months or even years,142 although GCA
runs a self-limited course, usually terminating after 1–
2 years.146,147 Patients with a strong initial systemic inflam-
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matory response, which is associated with higher levels of
circulating IL-1β, IL-6 and TNF-α, have been shown to have
higher and more prolonged corticosteroid requirements, and
more disease flares, compared with those with a weaker
acute-phase response.44,148

Our suggested protocol for the management of a patient
with suspected GCA is shown in Figure 1.

Although differences exist between oral and high-dose
intravenous corticosteroids, there is no definitive evidence
that either route is superior for managing GCA. Intrave-
nous methylprednisolone has greater potency, greater bio-
availability and achieves high serum concentrations more

rapidly than oral dosing.149,150 Furthermore, it ensures
patient compliance with the treatment regimen. High-
dose corticosteroids may have additional non-genomic
effects (i.e. effects not related to interaction with cell
glucocorticoid receptors).151 It is thought that corticoster-
oid (particularly those with a 1,2 double bond) at doses
of at least 10 mg/kg provides both antioxidant and
vasodilatory effects.152–154 These effects reduce lipid per-
oxidation, thought to be an important mechanism in
arteritic damage seen in GCA, via direct protection of
cell membranes and reduced production of oxygen-free
radicals, respectively.

Figure 1. Suggested protocol for the management of patients suspected of having giant cell arteritis (GCA). CRP, C-reactive protein; ESP,
erythrocyte sedimentation rate.
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The complications of corticosteroid treatment are well
recognized.  High-dose  intravenous  methylprednisolone
has been associated with sudden death, cardiac arrhythmia,
aseptic osteonecrosis, sepsis and anaphylaxis. Long-term
corticosteroid  treatment  is  associated  with  osteoporosis.
The American College of Rheumatology Task Force on
Osteoporosis Guidelines recommend that all patients start-
ing long-term glucocorticoid therapy receive calcium and
vitamin D supplementation. Consideration should be given
to the cyclical administration of bisphosponates, especially
if osteoporosis is identified. Etidronate therapy has been
shown to reduce bone density loss and reduce the incidence
of vertebral fracture in patients treated with corticosteroid.155

These effects are shared by all bisphosphonates trialled to
date. Bone mineral loss occurs most quickly in the first 3–
6 months after starting corticosteroid treatment;156 thus, bis-
phosphonate therapy should be commenced early in any
patient at risk, and who is likely to be treated for longer than
a few weeks. It is also recommended that the patient consider
lifestyle modification including smoking cessation, reduction
of alcohol intake and increasing weight-bearing exercise.
Bone densitometry should be considered in at-risk patients.

Adjuvant therapies

Interest lies in identifying corticosteroid-sparing alternatives
that could be used to treat GCA, because of the numerous
complications associated with long-term corticosteroid
treatment. The incidence of serious corticosteroid-related
side-effects is upwards of 50%.142 These complications
appear to be dose related, and as such, corticosteroid-sparing
medications may reduce their incidence. Trials to date have
looked at methotrexate, anti-TNF-α agents, and others such
as azathioprine and cyclophoshamide.157

Studies considering the efficacy of methotrexate as a
potential disease-modifying agent have yielded conflicting
conclusions. Methotrexate has been used as an adjuvant ther-
apy for PMR, and was associated with a shorter course of
prednisone compared with prednisone-only controls.158

Three recent randomized placebo-controled trials have pro-
vided mixed results as to the role of adjuvant methotrexate
therapy in GCA.159–161 Speira et al. and Hoffman et al. found
no steroid-sparing effect of methotrexate, nor did they show
any benefits in terms of reduced side-effects. However, Jover
et al. found a significant reduction in cumulative steroid dose
in the treatment group compared with placebo. Therefore,
to date, the role of methotrexate in the management of GCA
remains unsubstantiated.

Other agents are being investigated as adjuvant therapy.
Azathioprine has also been shown to reduce the maintenance
dose of prednisone in one randomized, double-blind, pla-
cebo-controlled trial. However, the small numbers (16
patients) and large dropout rate (44%) because of side-
effects limits the conclusions that can be made regarding the
role of azathioprine.162 Case reports suggest anti-TNF-α
agents, such as infliximab (a chimeric monoclonal antibody
directed against TNF-α) and etanercept (a form of soluble

TNF receptors), to be beneficial in the treatment of patients
with corticosteroid-resistant GCA, providing anecdotal evi-
dence of success.163,164 TNF-α, released by macrophages and
activated T lymphocytes, is thought to be an important pro-
inflammatory cytokine in GCA. However, a recent random-
ized placebo-controlled multicentre trial on the efficacy and
safety of infliximab in GCA showed no benefit in its use.165

In a retrospective case series, Nesher et al. showed that
patients receiving aspirin at the time of GCA diagnosis were
five times less likely to experience cranial ischaemic compli-
cations during the course of their disease.166 Aspirin at doses
of 20–100 mg/kg has been shown to have anti-IFN-γ effects
independent of cyclo-oxygenase inhibition seen in other
non-steroidal anti-inflammatory drugs.167 This leads to
reduced transcription of pro-inflammatory cytokines seen in
GCA. Given that corticosteroids have relatively poor anti-
IFN-γ activity, adjuvant aspirin therapy may act to reduce
cumulative corticosteroid doses. However, corticosteroids
and aspirin are individually known to increase the rate of
upper gastrointestinal bleeding, and combination therapy
may pose a higher risk. It is reasonable to consider low-dose
aspirin as an addition to corticosteroid therapy in patients
with GCA. A number of studies have suggested the potential
benefit of cyclophosphamide, dapsone and cyclosporin as
corticosteroid-sparing agents, although there are no conclu-
sive data at this time and future studies are warranted to
address their potential clinical applications.168–170 Anticoag-
ulants have been used with limited success – visual improve-
ment following heparin therapy has been reported, with a
corresponding increase in ocular blood flow, in a patient who
suffered progressive bilateral visual loss despite intravenous
methylprednisolone therapy.171

PROGNOSIS

Progression of visual loss or second eye involvement may
occur despite high-dose corticosteroid therapy. If this
occurs, it tends to be within 5 days of initiation of ther-
apy.2,172 In a 5-year retrospective review of 245 patients,
Aiello et al. reported that visual loss following 1 month of
glucocorticosteroid therapy is rare.173 Factors that increase
the likelihood of visual loss while on treatment include:
visual symptoms before corticosteroid treatment, loss of
vision before treatment and older age.69,71,173 Bilateral
involvement is common.82 In a prospective study where 34
patients were treated with high-dose intravenous methyl-
prednisolone, 9% had bilateral involvement at presentation,
and a further 9% developed involvement of the second eye
after the initiation of treatment.2 No data exist to clarify
whether intravenous mega-dose therapy with corticosteroid
reduces the incidence of such visual loss.

Unfortunately, the prognosis for visual recovery following
GCA-related AAION and central retinal artery occlusion is
poor.1,2 It has been suggested that in the rare case that visual
improvement occurs, it is in the setting of prompt corticos-
teroid treatment, although this remains controversial.82 If the
criterion of visual improvement of two or more Snellen lines
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is used, then improvement has been shown to occur in as
many as 34% of treated cases.71

In a retrospective multicentre study, 28% of patients with
AION were said to experience improvement in visual acu-
ity.57 A recent prospective study addressing visual outcome
following GCA reported a deterioration of 27% of eyes
within the first week of treatment with high-dose corticos-
teroid, and an improvement of visual acuity 15% of eyes
within the first month. Only 5% of patients in this study had
a corresponding improvement in visual field.2 This mirrors
Hayreh et al.’s findings of only 4% of patients who had an
improvement in both visual acuity and visual field, and
Foroozan et al.’s findings, in which all patients with an
improvement in acuity (13%) retained marked constriction
of the visual field.72,82 These reports emphasize that if
improvement does occur, it usually consists of improvement
in visual acuity in the presence of persistent, and often
severe, visual field defects.

The proposed mechanism for the improvement is that
blood flow is severely reduced, rather than stopped, when
visual symptoms are first present. This may represent a sep-
aration of structure and function, whereby axoplasmic flow
and conduction are absent in the ischaemic axons, but these
axons remain viable.174 Alternatively, the improved visual
acuity may be an artefact of the testing environment: the
patient learns to fixate eccentrically, or visual acuity being
performed more accurately outside the environment of acute
visual loss.72,82,175

Causes of mortality associated with GCA include cardio-
vascular, neurological and gastrointestinal events. Vasculitis
of the coronary arteries may result in myocardial infarction
or congestive heart failure.176 There is also an increased inci-
dence of aortic aneurysms and dissection in patients with
GCA.177 Ischaemic brain damage is the second most common
cause of GCA-related death after cardiac disease.178 This may
occur by either inflammatory obstruction of the verte-
brobasilar or carotid arterial systems, embolism of unin-
flamed brain arteries by thrombus originating in an inflamed
vertebral or internal carotid artery, or continuous propaga-
tion distally of thrombus from an inflamed internal carotid
artery to occlude an uninflamed intracranial artery,179

although uncommon necrotizing segments of bowel may
also result in death.

CONCLUSION

Giant cell arteritis is a systemic vasculitis with a large and
variable spectrum of symptoms and signs that may result in
profound irreversible visual loss in the elderly. The most
common cause of visual loss is arteritic AION. Vision loss is
usually unilateral initially, but if untreated, becomes bilateral
within days to weeks. Vision loss is sometimes preceded by
transient visual loss (30%), secondary to ischaemia of the
optic nerve, or transient diplopia (5–10%), secondary to
ischaemia of extraocular muscles or cranial nerves.

There is no single laboratory test that establishes the
diagnosis. ESR, CRP and platelets are helpful adjuncts to the

history and clinical examination. Clinicians must maintain a
very high threshold for excluding the diagnosis of GCA in
any patient over the age of 50 years with otherwise unex-
plained visual symptoms. The presence of jaw claudication,
signs of AAION, new-onset diplopia, physical abnormalities
of the temporal artery, elevated ESR and CRP are, indepen-
dently, important findings. Other historical, physical and
laboratory findings should be considered in context. How-
ever, over 20% of patients with positive temporal artery
biopsies do not exhibit these systemic symptoms.

Biopsy confirmation of GCA is essential although diagno-
sis may be made on clinical grounds. This is especially
important in light of the potential complications associated
with the often necessary, long-term steroid therapy. A 20-
mm specimen of a unilateral biopsy is recommended and
should be examined with multiple thin serial sections. If the
biopsy is negative and the clinical suspicion remains high, a
contralateral biopsy should be performed, which increases
the yield of a diagnosis of GCA by an additional 1–5%.

Early detection and treatment with high-dose corticoster-
oids is the mainstay treatment of GCA. The aim of treatment
is to prevent the progression of visual loss either in the same
or in the contralateral eye. The prognosis of visual recovery
is poor. Current evidence would favour the use of high-dose
intravenous methylprednisolone therapy (for 2–3 days) fol-
lowed by high-dose oral corticosteroids in patients with
acute visual loss. Future research will be directed towards
further understanding the immunogenetics, pathogenesis
and molecular pathway of GCA and developing new corti-
costeroid-sparing treatment modalities.
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Linear Relation between Structure
and Function

The main limitation of the study by Danesh-Meyer et al.1 was
neither discussed nor mentioned. The time axis was not
taken into account. The functional change after an acute
event such as anterior ischemic optic neuropathy (AION) is
immediate, but there is a delay before the anatomic changes
take place. In this study, most of the patients with nonar-
teritic anterior ischemic optic neuropathy (NAION) or ar-
teritic anterior ischemic optic neuropathy (AAION) were
tested a short period after the acute event, as described by
the authors.

In a similar study by Hood et al.,2 the patients were tested
at least 5 months after the AION event, with a median of
2.95 years. The reason was to allow sufficient time to min-
imize the effects of optic disc swelling and to allow the
retinal ganglion cell (RGC) axons to degenerate. The results
of the study in Hood et al. are obviously contrary to those
presented by Danesh-Meyer et al. The relationship between
a structure (optical coherence tomography [OCT]– deter-
mined retinal nerve fiber layer thickness) and function (stan-
dard automated perimetry [SAP]– determined sensitivity
loss) is the same in patients with AION as in those with open
angle glaucoma (OAG).

It is not adequate to use visual field perimetry results as
a criterion for comparison in the population examined by
Danish Meyer et al.,1 as visual acuity and visual fields im-
prove up to �6 months from the onset of NAION.3

The only conclusion that can be made from the results of
Danish-Meyer et al.1 is that a few months after the acute event

of NAION/AAION the optic disc and RNFL look different than
they do in OAG.

Aharon Wegner
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Author Response: Linear Relation between
Structure and Function

We thank Wegner and Erben for their comments and draw their
attention to the Discussion in our article.1 In that section, we
addressed their concern by stating that “most of our imaging
studies were performed longer than 6 weeks after presentation,
with 52 (91%) of 57 NAION and 16 (80%) of 20 AAION eyes
imaged with HRT and/or OCT 3 months or more after the event.”
We further discussed that there may have been some additional
thinning of the RNFL, which continues subsequent to this time
point. However, when we limited the patients included to those
with data recorded greater than 3 months after the acute AION
event, there were no significant changes in the results.

We also disagree that the data of Hood et al.2 are similar to
ours. They did not evaluate optic disc topography, but rather
modeled the relationship of peripapillary retinal nerve fiber layer
thickness to visual field mean deviation. The conclusion we drew
from our work was that there was a difference in the topography
of the optic disc between open angle glaucoma and the anterior
ischemic optic neuropathies, not that there were differences in
nerve fiber layer thickness. We believe our conclusion about
differences in disc topography is strengthened by the fact that we
explicitly controlled for the total amount of damage in each
condition, using either visual field mean defect or average nerve
fiber layer thickness. Furthermore, Hood et al. did not differenti-
ate between AAION and NAION in their study.
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V

he authors point out, the processes producing such patho-
ogic features are multifactorial.

The authors misinterpreted our report of Case 1; this
as not mild hemorrhage. We reported “bilateral vitreous
nd subhyaloid hemorrhages” at the time of original
valuation for SBS and this blood had cleared by the time
f spectral-domain (SD) OCT examination 8 months
ater.2

The authors also thought we were “unable to show
D-OCT images of perimacular fold.” We note that the

ocation of each SD-OCT scan and the morphologic
hanges were mapped to a specific site on the summed
oxel projection (retinal image), in contrast to OCT,
here the examiner estimates the location of the scan.3

e showed several sites of SD-OCT imaging across the
erimacular fold seen on color photographs.2 In Figure 4,
lthough the Top right SD-OCT scan ends before the site
f the fold (white arrow) on fundus examination, the dense
RM (Middle right scan) ends at the site of the fold
ithout vitreous attachment or retinal deformation. In
igure 5 (Top and Bottom right), the site of the arcuate
erimacular fold on color photography corresponds to the
argin of the reflective band suspended over the retina

Top) and to the attachment of the reflective band to the
etina (Bottom) without retinal folds.2 Thus in 2 eyes, we
ocument no deformation of the retina on SD-OCT at the
ites of perimacular folds on color imaging. Although
D-OCT2 or OCT1 may show vitreomacular traction and
eformation or full-thickness fold of the retina at sites of
erimacular folds seen on color fundus photos, these are
ot always present. It may be appropriate to reconsider
he term perimacular fold on color photographs of SBS,
ecause this may be associated with vitreoretinal attach-
ent or the border of an ERM without any retinal fold or

istortion. Evolving OCT technology has enhanced our
apacity to visualize vitreoretinal structures, improving our
bility to manage these complex cases.

ADRIENNE W. SCOTT
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LAURA B. ENYEDI
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CORRESPONOL. 147, NO. 6
he Role of Retinal Nerve Fiber Layer in
redicting Recovery of Vision Following
urgery for Pituitary Adenomas

DITOR:

E PREVIOUSLY REPORTED THAT IN VIVO RETINAL NERVE

ber layer (RNFL) measured by optical coherence tomog-
aphy (OCT) predicts visual recovery after surgery for
arachiasmal tumors.1 Jacob and associates2 have recently
eported findings that essentially confirm these initial
bservations in a group of 19 patients with pituitary
denomas who underwent either surgery or medical treat-
ent and had been monitored for 3 months following

reatment.
We can clarify a few issues in relation to the design of

ur study. In contrast to that stated by Jacob and associ-
tes, our controls were appropriately matched to patients
y age as described in our METHODS. In addition to the
rovision of age-adjusted RNFL measurements, a further
dvantage of our use of controls from the Zeiss database is
ts involvement of a large cohort of participants with prior
xtensive ophthalmologic assessments that have excluded
elevant pathology. It is not clear whether the referents
sed by Jacob and associates enjoyed such advantages, as
he controls in that study were described as 23 nonran-
omly selected medical staff or volunteers in whom under-
ying ophthalmic pathology (eg, glaucoma, other retinal
bnormality, undiagnosed compressive lesions) that could
istort RNFL measurements may not have been specifically
xcluded. The Results, Table, and the Supplemental Table
n the report did not contain any visual function informa-
ion or reproducibility data for the control group.

We agree with Jacob and associates that successful
ecompression of the chiasm could influence the correla-
ion between RNFL thickness and visual recovery and that
ncomplete resection could provide an explanation for
esidual visual field defects. The value of magnetic reso-
ance imaging (MRI) in the early postoperative stage,
owever, is uncertain attributable to difficulties in inter-
retation arising from postoperative edema, hemorrhage,
nd implanted fat material.3 To help determine the extent
f tumor clearance, patients in the study conducted by
acob and associates had MRI scans 3 months after surgery.
t would additionally be helpful to utilize clearly defined,
respecified MRI criteria and for those interpreting MRI
cans to be masked to the visual outcome.4

As reinforced by Jacob and associates, in vivo thinning
f RNFL measured by OCT places the patient at decreased
hance of recovery. Further studies of this topic will
equire larger patient groups, more prolonged follow-up,
nd more rigorous use of postoperative imaging techniques.

HELEN V. DANESH-MEYER

Auckland, New Zealand
PETER J. SAVINO
San Diego, California
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REPLY

E HAVE RECENTLY PUBLISHED A SERIES OF 37 EYES FROM 19

onsecutive patients suffering from pituitary adenoma
ompressing the anterior visual pathways, compared to 46
yes from 23 control subjects.1 We showed that retinal
erve fiber layer (RNFL) thickness measured by optical
oherence tomography (OCT) had a prognostic value on
he visual field (VF) defect 3 months after treatment.

Danesh-Meyer and associates, argued that using the
eiss database for controls was more reliable than using our
ontrols because it relies on a larger number of eyes, after
xcluding any eye pathology. We do not disagree on using
his database, and we actually used it also in our study;
hat’s how we demonstrated that the criteria “RNFL in the
emporal quadrant � 5th percentile”—the percentiles
eing defined by the OCT software integrated normal
alues—was strongly associated with poor visual outcome.
he odds of complete recovery were divided by 100 for the
yes that fulfilled this criterion (P � .04). But using our
wn additional control group gave us more statistical
ower, leading to the results that are detailed in our article;
specially working with a raw number in the control group
llowed us to isolate and quantify the effect of age on the
isual outcome after 3 months, separate from the effect of
NFL thinning. Moreover, if we happened to have in-
luded eyes suffering from glaucoma or undiagnosed com-
ressive lesion among our controls, as suggested by
anesh-Meyer and associates, then the RNFL among the

ontrols would be thinner than it should be, so that the
ifference between patients and controls in our study
ould be less important than in reality. If we happened to
ave included such pathologic controls, then our results
ould be less significant than they actually should be with
completely normal control group, and not the opposite.
Danesh-Meyer and associates also suggested to have

respecified magnetic resonance imaging (MRI) criteria for

valuation of tumor clearance and blinded reading of the O

AMERICAN JOURNAL OF104
RI. In our study, the radiologists reading the MRI were
ot aware of the visual outcome, and we considered that
ompression relief was achieved when there was no more
ontact between the tumor (or fat used during surgery) and
he anterior visual pathways.
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trial Fibrillation in Patients Diagnosed
ith Retinal Vein Occlusion

DITOR:

READ WITH INTEREST THE ARTICLE BY HO AND ASSOCI-

tes.1 Atrial fibrillation may be unrecognized in the popula-
ion. Such an arrhythmia is common in elderly patients and
s strongly associated with stroke development. Also, a num-
er of the participants with retinal vein occlusion in this
tudy have hypertension, which is a risk factor for atrial
brillation. Furthermore, the authors do not mention
hether more atrial fibrillation develop in patients diagnosed
ith retinal vein occlusion in the age group of 60 to 69 years

han in other age groups. Failure to consider this would bias
he relationship between retinal vein occlusion and stroke.
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nd the issue he raised about our article, “Retinal Vein

cclusion and the Risk of Stroke Development: A 5-year
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