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Abstract

OPTICAL COHERENCE TOMOGRAPHY: A NEW
IMAGING TECHNIQUE FOR NEOVASCULAR
AGE-RELATED MACULAR DEGENERATION

Jayashree Sahni
April 2008

Introduction

Neovascular age-related macular degeneration (AMD) is becoming an increasing
socio-economic problem as the proportion of the aged population is continuously
increasing. Optical coherence tomography (OCT), which was only introduced in
ophthalmology a decade ago, has been rapidly accepted in the field of retinal imaging
and AMD management. However, studies on the clinical relevance and effectiveness

of the OCT systems in clinical practice are lacking.
Aim
To determine the value of OCT in the management of patients with subfoveal

choroidal neovascularisation (CNV) secondary to AMD by studying the effect of PDT

on the morphology and function of the retina.
Methods

Patients were recruited prospectively from a population with subfoveal predominantly
classic CNV attending St Paul’s Eye Unit for PDT, between 2002 and 2004. All
patients underwent best-corrected visual acuity (BCVA) measurement, OCT scans at
the fovea, FA and slit lamp biomicroscopy. No changes were made to the established

treatment plan with PDT.
Results

Overall, 264 eyes of 217 patients met the eligibility criteria. Good quality scans
passing through the fovea could be obtained in 90% of the eyes.

New terminology was defined and a protocol for interpreting OCT images was
developed. The protocol was validated and found to have acceptable interobserver

concordance in eyes with neovascular AMD.



Using FA as the reference standard OCT had a sensitivity of 86% and specificity of
57% in detecting fluid (intra and sub retinal fluid (IRF and SRF).

There was an association between neuroretinal foveal thickness (NFT) on OCT and
BCVA at baseline, but this was lost following treatment with PDT. There was an
association between outer high reflectivity band thickness (OHRBT) on OCT and
BCVA.

A 3-stage OCT based classification system based on the response of the retina and

CNV to a course of PDT was developed.
Conclusion

The protocol developed for this study can be used to interpret OCT scans in eyes with

neovascular AMD, with a high level of interobserver agreement.

The low specificity of the OCT in detecting leakage on FA may be due to the inherent
differences between the two techniques. FA can detect leakage whereas OCT detects
collection of the fluid (IRF or SRF). In the presence of a functioning RPE, fluid may
not collect. Difficulty in distinguishing between staining and leakage on FA may lead

to an underestimation of the incidence of fluid at the macula.

The lack of association between NFT and BCVA may be because patients with
subfoveal CNV can have eccentric non-foveal fixation. Also eyes with extensive
disruption of the retinal architecture may still have normal NFT that may not reflect

the viability of the photoreceptors.

Reduced vision in eyes with thicker OHRBT on OCT is supported by histologic
studies, which suggest that eyes with thicker disciform scars are associated with more

severe photoreceptor loss.

In the management of neovascular AMD, an OCT based classification can provide

valuable data that can contribute to the effective decision-making.
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Chapter 1

INTRODUCTION

This chapter introduces my research and places it within the context of the historical

development of retinal imaging.

In it I describe the impact of age-related macular degeneration (AMD) and its

consequence on the aging population.

Finally I describe the layout of the thesis and present the aims of this research in

investigating the optical coherence tomography features of neovascular AMD.

1.1 HISTORICAL PERSPECTIVE

The advancement of ophthalmology has been linked with the development of
instruments and techniques. Fundus imaging has become an essential requirement
for clinical research, teaching and patient care in the medical retina speciality.
Therefore, it is appropriate that a study on the use of a new imaging technique

should look back to the historical development of retinal imaging.
1.1.1 Ophthalmoscope

One of the most exciting inventions in the study of retinal diseases was the
invention of the ophthalmoscope in 1851. Hermann von Helmholtz’s
ophthalmoscope consisted of an "eye-mirror" made of plates of glass and used a
flickering candle as a source of illumination (Figure 1.1).! This invention
revolutionised ophthalmology. He demonstrated that there were 3 essential elements
to the working of an ophthalmoscope: a source of illumination, a reflecting surface

to direct light towards the eye and a means of correcting an out-of-focus image on



the fundus. Prior to his invention, ophthalmologists could not view the posterior
section of the eye and struggled to explain certain classes of eye disease in which
there was a dimness or loss of vision. "In the whole history of medicine there is no
more beautiful episode than the invention of the ophthalmoscope, and physiology
has few greater triumphs,” wrote American ophthalmologist Edward Loring in the
opening paragraph of his Textbook of Ophthalmology in 1892.% The introduction of
this ophthalmoscope into clinical ophthalmology by Albert von Graefe in Berlin,
Edward Jaeger in Vienna and William Bowman in London served to increase the
knowledge and understanding of many eye conditions including the recognition of

“senile macular degeneration”.

Figure 1.1: Helmholtz’s ophthalmoscope, 1851 . (British Journal of
Ophthalmolo gz 2002;86:602-603). Helmholtz used a flickering candlelight as
a source of illumination,

1.1.2 Slit lamp biomicroscope3

Another landmark invention in the development of ophthalmology was the
invention of the slit lamp biomicroscope by Allvar Gullstrand, a professor of
ophthalmology at the University of Uppsala in Sweden (Figure 1.2). In 1911 he won

the Nobel Prize in Medicine for his achievement. An extension of the slit-lamp



microscope was developed by Koeppe who, by using a contact-glass, succeeded in

examining the fundus.

Figure 1.2: Professor Allvar Gullstrand(1862-1930) & Nemst slit lamp designed by
Gullstrand in 1912,

1.1.3 Fundus photography

Medical illustration has a long history of depicting the eye, going as far back as the
ancient Greeks (Figure 1.3).* But realistic depictions of the eye were only possible
following the invention of the ophthalmoscope. Duke —Elder (1967) credits the first
realistic graphic representation of the retina and the first coloured printed illustration
of the fundus of the eye to Adrian Christopher Van Trigt and the drawing appeared
in his thesis of ‘Dissertatio Ophthalmologica Inauguralisde Speculo Oculi’ in 1853

(Figure 1.4).5
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Figure 1.3: Galen’s eye from ahout 150 AD. (Dule-Elder, 1961)

Figure 1.4: The realistic illustration of the fundus of the eye by
Van Trigt in 1853. The original was in colour. (from Dulke-
Elder, 1967).

Fundus photography was developed in pursuit of an accurate and specific graphic
representation of the retina. The first published photograph of in-vivo human retina
was by Jackman and Webster in the Philadelphia Photographer in 1888 (Figure
1.5). The prototype camera was fixed to the patient’s head, and a 2.5 minute
exposure was used (Figure 1.6). Although the apparatus showed only the largest
details of the retinal anatomy and the images were extremely blurred it was

groundbreaking in allowing photographic documentation of retinal findings. Fundus



photography’s initial impact on ophthalmology was to replace tedious drawings and

paintings of the retina.

Figure 1.5: The first published photograph of in-vivo human retina by
Jackman and Webster in the “Philadelphia Photographer’ in 1828. The
small white area on the top is the optic disc, and the lower, larger light
area is an artifact. Blood vessels cannot be identified. (reproduced from
Ivann, 1970).

= i > +
Figure 1.6: An albo-catbon burner such as the one shown here was used
to acquire the first published human fundus photograph and required a 2.5
minute exposure. (reproduced from Mann, W.A . History of photographsy
of the eye. Survey of Ophthalmology 1970:15:179-189.

In 1891, Gerhoff used flash powder to illuminate a low magnification fundus
photograph (Figure 1.7 & 1.8). This helped to produce clearer retinal photographs.

Dimmer in 1927, using carbon arc illumination was able to obtain high quality black



and white images and is said to have "electrified” the Ninth International Congress
in 1899 with his marvellous pictures”.” He also went on to publish the first fundus

photography atlas.

Figure 1.7: Gerloff was considered as a pioneer in fundus photographsr.
This retinal photograph taken in 1891 is much clearer than the earlier
images and shows the optic disc and blood vessels.

‘Figure 1.8: This photograph of the retina is from the first fundus photography
atlas published by Dimmer in 1927, (Same PJ. Landmarks in the historical
development of fluorescein angiography. Journal of Ophthalmic Photography
1993:15:17-23)

Nordenson introduced a camera based on Gullstrand's principles in 1925. The Carl
Zeiss Company marketed Nordenson's design as the first commercially available
fundus camera in 1926 (Figure 1.9). This camera had a 10° field of view and

required a 1/2 second exposure with colour film.



Figure 1.9: An advertisement for the Zeiss fundus camera from 1932,
(American Journal of Ophthalmology, 1932)

1.1.4 Fluorescein angiography

The modern photographic technique of fluorescein angiography (FA) was
developed in the late 1950’s by two young doctors, a medical student, Harold
Novotny, and an intern, Dr. David Alvis, while working on determining the oxygen
saturation in retinal arterioles. It was thought that the observation of fluorescence
might make it easier to make that determination, and sodium fluorescein was one of
the dyes used. A Kodak filter book was used to choose appropriate exciter and
barrier filters. Dr Alvis, reportedly on the toss of a coin, became the first person to
have the first modern fluorescein angiogram (Figure 1.10). It is interesting to ﬁote
that their work when submitted to the American Journal of Ophthalmology in 1960
was rejected. In July of 1961, the utilisation of a fundus camera equipped with an
exciter filter, barrier filter and an electronic flash to sequentially document the
retinal blood flow following a sodium fluorescein injection was outlined in their
landmark article published in the journal Circulation.® Most of the techniques they
described are still in use today. Ocular angiography has since become an essential

tool in the field of ophthalmology.



Figure 1.10: These are the first photographs of fluorescein angiogram taken by
Novotrgr and Alvis and published in Circulation in 1961. These images of a normal
eye were described as showing arteriolar (top images) and venous filling filling
phase (bottom images).



1.1.5 Ophthalmic fundus imaging today

FA as a new diagnostic adjunct was a welcome addition in the 1960s to provide
better understanding of the pathological meaning and the natural course of clinical
manifestations. Its importance was recognized by Dr Donald Gass who, eventually
refined and studied the technique and published landmark monographs. In the
1970’s Dr J Donald Gass’s Stereoscopic Atlas of Macular Diseases’ set new
standards in fundus diagnosis and image acquisition. Technology for acquisition of
these images was designed and developed to enhance resolution, stereopsis and field
of view. Stereo imaging served to segregate the retinal from the choroidal
circulations and to separate anatomical compartments in the fundus, allowing
visualisation of lesions such as detachment of the retinal pigment epithelium and

neurosensory retina and cystic spaces in the retina itself.

The conversion from stereo film-based photographs to digital images has evolved
slowly but progressively over the past decade. Advances in digital camera
technology, improvements in computer storage and enhanced photographic
evaluation techniques have resulted in the creation of an imaging system superior in
many respects to the traditional film-based techniques of the past. Medical-retinal
specialists today rely on imaging for clinical research, teaching and patient care in

their subspecialty.

History continues to be written with the invention of the optical coherence
tomography, heralding a new era, the cross-sectional imaging of the eye. This novel
method is expected to provide a different perspective on diagnosis and management.
The potential of this new technique to yield insights into the pathophysiology of

retinal diseases is yet to be completely explored.



1.2 IMPACT OF AMD

Age-related macular degeneration (AMD) is the most common cause of adult
blindness in Western, developed countries.'® !! Fletcher et al estimate that
somewhere between 182,000 and 300,000 people in the United Kingdom are blind
or partially sighted as a result of AMD.!?

Late stage AMD exists in two forms: atrophic and neovascular or exudative. The
atrophic form is more common than the more sight threatening exudative form,
affecting about 85% of people with age related macular degeneration."® Exudative
AMD is more threatening to vision and is responsible for 90% of severe visual loss
in people with AMD. Blood or serum leakage resulting from choroidal
neovascularisation (CNV) may occur precipitously and is often associated with an
abrupt loss or distortion of vision. Once exudative AMD has developed in one eye
the other eye is at high risk of developing the same (cumulative estimated incidence
is 10% at one year, 28% at three years and 42% at five years).'* The burden of
ocular morbidity and visual disability due to AMD is expected to increase further
with an increasingly older population. This is reflected in a steady increase in the

number of people registering as blind in most Western countries.

The major public health outcome of AMD is blindness. Vision loss is associated
with increased morbidity, including an increased risk of falls and hip fractures.!> 16
Recent research has shown how vision impairment compromises quality of life and
limits social interaction and independence.!” Vision impairment caused by AMD has
also been shown to interfere with the person’s ability to care for themselves and
others indicating need for community and vision related support.'® Vision loss from

AMD * reported to be associated with depression in about 30% of cases. ' Disability

10



resulting from neovascular AMD led to greater use of health care resources and

more need for help with activities of daily living than was reported by controls.

There is also a considerable economic burden of AMD. People with visual loss from
AMD experience considerable difficulty in obtaining employment and may have
decreased earnings compared with those who have no disabilities.2’ Disability
payments, healthcare expenses, caregiver costs and transport costs will further add

to this burden.

In summary, the substantial public health burden of AMD includes both its adverse
effects upon quality of life and upon the economy. There is a need for early
detection and treatment of AMD to arrest vision loss and preserve the patient's
independence and well being. Interventions that improve the morbidity caused by
AMBD have the potential to greatly benefit the quality of life of individual patients as

well as the overall economic well being of the country.

1.3 INTRODUCTION TO THESIS

My work commenced in June 2002 when, based on the treatment of age-related
macular degeneration with photodynamic therapy (TAP) study,?! 2 photodynamic
therapy (PDT) was being introduced into the UK as a treatment for classic and
predominantly classic subfoveal CNV secondary to AMD. At the time, there was
very little evidence of the effect of PDT on the morphology and function of the
macula and FA with its associated limitations was the mainstay of diagnosis and
management. The Optical Coherence Tomography (OCT) had been made available
for clinical use only a few years earlier. While there were a few anecdotal and
descriptive papers on its general use in other macular diseases, literature of its

application in macular degeneration was not available. It was thought that the

11



Stratus Optical Coherence Tomography (OCT3), with its ability to take cross-
sectional images of the retina, could measure retinal and CNV thickness and
identify and quantitatively assess intra retinal oedema and subretinal fluid more
effectively than biomicroscopy or angiography and the response to PDT could be

objectively monitored.

The research presented in this thesis was undertaken between June 2002 and June
2004. As the principle investigator, under the tutelage of Professor Harding, I
conducted a detailed review of the literature, designed the study, performed the

OCT scans, collected and analysed the data and prepared this manuscript.

1.4 THESIS AIMS

The aim of my MD thesis is to evaluate the role of OCT in the management of

patients with subfoveal neovascular AMD. Specifically:

6)) To test the feasibility of doing OCT in an aging population with this

disabling eye disease.

(i1) To define macular features of AMD on OCT and validate the technique

of interpreting OCT scans in AMD.

(iii)  To define the relationship of the findings on OCT to overall disease

processes, by relating the scans to visual outcome and FA.

(iv)  To determine if OCT can be used to monitor the response of the retina to

a course of treatment.

v) To develop diagnostic and analysis criteria for OCT based on our

observations.

To provide a thorough evaluation four studies were carried out.

12



1. Development of relevant terminology and measurements to analyse OCT
scans and quantitative assessment of the reproducibility of the terminology

between observers in the analysis of the scans.

2. A cross-sectional study to apply the new terminology in the assessment of
eyes with neovascular AMD and comparison of OCT with stereo FA in

identifying clinical features of CNV.

3. A cross-sectional OCT analysis of bilateral end stage CNV where one eye is

treated with PDT.

4. A longitudinal study to investigate the response of the retina and CNV to a
course of PDT and identify OCT features associated with worse outcome in

PDT for subfoveal predominantly classic CNV secondary to AMD.

I present this thesis in 8 chapters. The highlight of each of the sections has been

touched on briefly below.

Chapter 1 (this chapter) introduces my thesis and reviews the published landmarks

in the historical development of retinal imaging.

Chapter 2 will review the relevant literature on neovascular AMD and its treatment

with PDT, and retinal imaging with particular emphasis on OCT.

In Chapter 3, I will discuss the methodology used in the studies presented in this

thesis.

Chapters 4 to 7 will present the results and discussion of a series of investigations

performed within the framework of the thesis to answer the research questions.

13



Chapter 8, the final chapter, will discuss the overall outcome and conclusions of the

research. In this chapter I will also discuss the developments in the management of

neovascular AMD since the completion of my work.

14



Chapter 2

REVIEW OF PUBLISHED LITERATURE

2.1 INTRODUCTION

Although recognised since at least 1875 and the subject of in excess of 9000
publications, the sub classification, pathogenesis, and particularly, the management
of age-related macular degeneration (AMD) remains controversial. Over the years
developments in retinal imaging have sought to address some of these issues.
Against this background, the purpose of this chapter is to review the literature on

the role of imaging in the management of neovascular AMD.

In this chapter, I discuss the controversy surrounding the definition, nomenclature
and the classification of AMD; the morphological and fluorescein angiography
findings in exudative AMD; and the treatment options available at the
commencement of this study. As there is a large amount of literature on this topical

disease, I have only included the information relevant to my thesis.

[ have also summarised and critically appraised the current knowledge on the

application of OCT in the diagnosis and treatment of AMD.

2.2 AGE RELATED MACULAR DEGENERATION

2.2.1 Nomenclature

The terms macula lutea, macula, posterior pole, area centralis, fovea and foveola
have created confusion among both anatomists and clinicians. The word macula

(Latin, small yellow spot or blemish) was initially used by Pagenstecher to describe

15



the yellow area at the posterior pole of the enucleated eye.? Hogan et al defined the

macula histologically as that area centred on the fovea in which the ganglion cell
layer is more than one-cell in thickness, an area approximately 5 to 5.5mm in
diameter.?* The term fovea derived from Latin and meaning ‘small pit’, is the

concave central retinal depression approximately 1.5mm in diameter and evident

ophthalmoscopically (in young patients) as an elliptical light reflex that arises from

the slope of the thickened internal limiting membrane of the retina. The foveola is
the central depression within the fovea approximately 0.35mm in diameter. The

photoreceptor layer at the foveola is made up almost entirely of cones, this is

thought to account for the most acute vision (Figure2.1).

Normal Macula (Cross-Section)

& o

Blood
vessels

> Capillaries

Rods and cones Bruch's membrane

Retinal pigmented epithelium (RPE)

Figure 2.1: Diagrammatic representation showing the cross-section of a normal

macula with the central depression of the fovea.

This confusion regarding nomenclature has extended into the definition of AMD as

well. Numerous terms have been coined to describe the different stages in what is

16



now recognised as a process that continually evolves from one phase to another. As
aresult there are several names and descriptions of AMD. It was first described and
illustrated in the literature in 1875 by Pagenstecher and Genth.? They termed the
condition ‘chorioidioretinitis in regione maculae luteae’. Hutchinson and Tay?® in
1875 were probably the first ophthalmologists in the English literature to describe
the symmetrical fundal changes in senile patients. Yarr recognized the disc-like
configuration of the macular lesion and termed it "central choroidoretinitis
resembling an optic disc" (Yarr 1898-1899). Oeller in 1905 first used the name
“diskiform” degeneration (degeneratio maculae luteae disciformis)*” to describe
the same process, which he had previously called “chorioretinitis anastomosis
arteriovenosa”. The term disciform came into disrepute when it was realised that it
was not an aetiological diagnosis, but a clinicopathologic entity common to many
different processes and mainly a morphological description. This term is now

reserved for the cicatricial end-stage of the pathological process.

Otto Haab?® is credited with coining the term called “senile macular degeneration
(SMD)” in 1885. He observed bilateral “pigmented” and “light” spots at the macula
associated with severely reduced vision occurring in old people and attributed it to
pigment epithelial atrophy. This term ‘senile macular degeneration’ was widely
accepted by generations of ophthalmologists to describe the macular changes
observed in the elderly. By the 1980’s, the word senile had acquired pejorative
connotation of mental decline that replaced its original meaning - “associated with

old age”.

The term age-related macular degeneration (AMD) is relatively recent in history
and was proposed at the Macular Society symposium at the American Academy of

Ophthalmology annual meeting 25 years ago. The controversy surrounding the

17



nomenclature exists to this day, with the terms age-related maculopathy (ARM)
and AMD being used interchangeably. In this thesis I will be using the term AMD

as defined and classified by the Age-Related Eye Disease Study (AREDS).?

The final word of the title “degeneration,” implies an abiotrophic as opposed to an
inflammatory or atrophic aetiology. Thus the term degeneration may be appropriate
for types of age-related macular degeneration but not for acute processes such as

trauma, histoplasmosis or other inflammatory disorders.*
2.2.2 Definition

AMD is defined as a disorder of the macula characterised by one or more of the

following:
e Drusen

® Retinal pigment epithelium (RPE) abnormalities (hypopigmentation or

hyperpigmentation)

e Geographic atrophy of the RPE and choriocapillaris involving the centre of

the fovea

e Neovascular (exudative) maculopathy

The two main types of AMD are non-exudative AMD and exudative AMD, referred

to colloquially as dry AMD and wet AMD, respectively.
2.2.3 Classification from epidemiological studies

Despite extensive past and ongoing research in AMD, there is currently no
universally accepted classification of AMD in the literature. The problem is further
compounded by differences in methodology used in the various epidemiological

studies, making comparisons between them difficult. The classification systems
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discussed here were used by investigators interested in the analysis of genetic,
epidemiological, and morphological features of AMD and are based on

photographic assessment of the macula.

In an effort to develop a unified classification system, the International Age-related
Maculopathy Epidemiological Study Group published the International
Classification and Grading System in 1995.%! This study relied exclusively on
colour fundus photographs and used the term age-related maculopathy (ARM) to
define early lesions that are not attributable to any other cause (e. g., ocular trauma,
retinal detachment, high myopia, chorioretinal infective or inflammatory process,

choroidal dystrophy, etc).

Early ARM was defined by the presence of

* Drusen defined as ‘“discrete whitish-yellow spot™; or
 Areas of hyperpigmentation associated with drusen; or
e Areas of hypopigmentation associated with drusen.

The late stages were termed AMD or late ARM and was subdivided into dry and

wet AMD
Dry AMD (or ‘‘geographic atrophy’’)

 Eyes showing sharply demarcated areas of hypopigmentation in which choroidal
vessels are more visible than in surrounding areas and which are at least 175 pm

in diameter
Wet AMD (“‘neovascular,”” *‘disciform,’’ or ‘‘exudative’’ AMD)

e Retinal Pigment Epithelial (RPE) detachments, which may be associated with

neurosensory retinal detachment.

19



e Subretinal or sub-RPE neovascular membranes.

 Epiretinal, intraretinal, subretinal, or subpigment epithelial scar/ glial tissue or

fibrin like deposits.
 Subretinal haemorrhages not related to other retinal vascular disease.

e Hard exudates (lipid) related to other ARM findings and not related to other

vascular diseases.

The Age-Related Eye Disease Study (AREDS), a large, multicentre cohort study,
investigated the clinical course of AMD and the effect of high-dose antioxidant
vitamins and zinc on the progression of ARM and cataract formation 32 The
AREDS classification is based on the fundus features assessed by evaluating stereo

colour photographs and classified AMD.
No AMD (AREDS category 1): no or few small drusen (<63 microns in diameter).

Early AMD (AREDS category 2): the size of a druse was 263 and/ or the total

drusen area was > 5 small drusen.

Intermediate AMD (AREDS category 3): the presence of extensive intermediate
drusen (63-125 microns), at least one large druse (=125 microns in diameter), or
geographic atrophy not involving the centre of the fovea. (125 microns is the width

of a large vein at the disc margin)

Advanced AMD (AREDS category 4): characterised by one or more of the

following:

Geographic atrophy >1/6 disc area of the RPE and choriocapillaris involving the

centre of the fovea

+ Neovascular maculopathy such as:
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o Choroidal neovascularisation (CNV)

o Serous and/or hemorrhagic detachment of the sensory retina

or RPE

o Lipid exudates (a secondary phenomenon resulting from

chronic leakage from any source)
o Subretinal and sub-RPE fibrovascular proliferation
o Disciform scar

In 2006, Seddon et al* proposed the Clinical Age-Related Maculopathy Staging
(CARMS) system, as a grading system for clinical practise and clinical research
protocols. The CARMS system divides patients into 5 mutually exclusive categories
based on slit-lamp assessment of drusen, RPE irregularities, geographic atrophy,

retinal pigment epithelial detachment (RPED), and CNV.

Table 2.1: The Clinical Age-Related Maculopathy Staging (CARMS) system.

Grade of Clinical Features
maculopathy
1 No drusen or <10 small drusen without pigment abnormalities
2 a. Approximately >10 small drusen or 1 to 15 intermediate drusen

b. RPE changes (hyperpigmentation and hypopigmentation)
¢. Both drusen and RPE changes

= a. Approximately >15 intermediate drusen or any large drusen
b. Drusenoid PED
4 Central geographic atrophy or noncentral geographic atrophy at least

350 pm in diameter
5 Exudative AMD
a. Serous RPED, without CNV

b. CNV or disciform scar
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There continue to be attempts to simplify the classification of AMD further. As
future studies provide further insight into the pathogenesis of the disease and new
imaging techniques permit more accurate and quantitative analysis of the retina and
subretinal deposits, there will be a need to incorporate new subcategories or change

the classification.

AMD is a complex disorder with multiple phenotypes. Absence of common disease
descriptors and uniform reading and grading systems make comparison between the
classifications difficult. Also the great number of subtypes within each of the above
classifications and absence of visual acuity measurements in these classifications
makes it difficult to apply clinically. None of the above classifications have been
tested for inter or intraobserver reliability as interpretation is dependent on grader
experience. Further assessment needs to be done before accepting any one in a

clinical or research scenario.
2.2.4 Prevalence and Incidence

Because the definition of ARM and AMD varies widely between different
epidemiological studies, comparisons between populations based on these data are
difficult. This is particularly true when early signs of ARM are included. Prevalence
rates are more consistent for advanced AMD (atrophic or neovascular). A
reasonable overall estimate of the prevalence of AMD in persons aged 65-74 years
is 1%, increasing to 5% in persons aged 75-84 years, and 13% after 85 years of

age.**

Few studies have been done to evaluate the incidence of AMD. The Beaver Dam
Eye Study, a census of the population of Beaver Dam, Wisconsin, determined the 5-

year cumulative incidence of developing early and late AMD in a population of
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3583 adults (age range, 43-86 years). For early AMD, this increased from 16% in
persons aged 65 to 74 years to 22.8% for persons aged 75 and older and for late
AMD increased from 1.3% in persons aged 65 to 74 years to 5.4% for persons aged
75 and older.*® The Visual Impairment Project of Melbourne, Australia, described
the 5-year incidence in a population of 3271 participants aged 40 years and older.
The overall 5-year incidence of early ARM was 17.3% and of AMD was 0.49% in
this population. The incidence appeared to be lower in the European Rotterdam
Study, a population-based prospective cohort study of 6418 persons 55 years and
older living in Rotterdam, the Netherlands. Age-related maculopathy was graded
according to the International Classification and Grading System. Five-year
estimates of early ARM was 7% for subjects aged 65-74 years and 18% for those
aged over 75 years, while these age-specific incidences for late ARM were 0.6%

and 2.8%.

AREDS report 18 proposed a simplified severity scale, a scaled step system that
correlates the patients’ current disease severity with the progression to advanced
AMD (Figure 2.2).**The patients were categorized into 1 of 4 severity groups based
on their fundus features. The scoring system assigns to each eye 1 risk factor for the
presence of 1 or more large drusen (>125 pm) and 1 risk factor for the presence of
any pigment abnormality. The risk factor score correlates with the patient’s 5 year

chance of progression from early to advanced AMD as follows:

0 factors, 0.5%; 1 factor, 3%; 2 factors, 12%; 3 factors, 25%; and 4 factors, 50%.
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Figure 2.2: The simplified grading scheme proposed in AREDS report number 18

assigns risk factor scoring for patient with large drusen and pigment abnormalities in

both eyes. (Arch Ophthalmol 2005;123:1570-1574)
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2.3 NEOVASCULAR AMD

Neovascular or exudative AMD accounts for only 20% of cases of late AMD, but is

responsible for 80 to 90% of cases of severe visual loss.3¢

Clinically, neovascular AMD may be associated with CNV, subretinal fluid (SRF),
cystoid macular oedema (CMO), lipid exudates, or detachment of the RPE (serous
and haemorrhagic). End-stage exudative AMD may be associated with the

development of a fibrovascular disciform scar and loss of outer retinal tissue (Figure

2.5,

CNV represents the growth of abnormal vessels from the choroid into the subretinal
or subretinal pigment epithelial (SubRPE) space.?’ On fundoscopy, CNV appears as
a greenish grey area often accompanied with subretinal or sub-RPE haemorrhage
(Figure 2.4). CNV has been classified clinically on the basis of location and on
fluorescein angiography.*® The location of the CNV is defined in relation to the
lesions proximity to the geometric centre of the foveal avascular zone (FAZ).
Extrafoveal CNV is defined as a lesion situated at least 200pm from the centre of
the FAZ; juxtafoveal CNV’s extend to within lum and 199um from the fovea and

subfoveal CNV is located directly beneath the geometric centre of the FAZ.
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Figure 2.3: Fundus photograph of patient with end-stage age-related
macular degeneration showing a fibrotic scar and areas of atrophy at
the macula

Figure 2.4: Fundus photograph of patient with subfoveal choroidal
neovascularisation secondary to age-related macular degeneration
showing a grey membrane and haemorrhage at the fovea.




2.3.1 Pathogenesis

Four processes: lipofuscinogenesis (with its link to oxidative stress),
drusenogenesis, inflammation and neovascularisation are thought to contribute to
the development of neovascular AMD. *°. Lipofuscin accumulates in the RPE as a
result of incomplete degradation of photoreceptor outer segments, and recent studies
show that it is a potent source of oxidative stress.*° Lipofuscin is purported to
disrupt RPE function by mechanical disruption of cellular architecture and
potentiating phototoxicity.*! RPE senescence (and lipofuscin accumulation) or
oxidative stress initiates the development of CNV by RPE, and possibly,
choriocapillaris injury.*? This may in turn elicit an inflammatory response in
Bruch’s membrane and the choroid.** RPE injury and inflammation may foster the
production of an abnormal extra-cellular matrix (ECM) derived from the RPE,
photoreceptor cells, choroid and substances in the systemic circulation. The
abnormal ECM may result in altered RPE biological behaviour. Vascular
endothelial growth factor (VEGF) production by the distressed RPE and
photoreceptors may lead to choriocapillaris and/or choroidal new vessel growth. *
This is the initiation stage of the evolution of CNV and is thought to precede the
active and the involutional stages.*’ During the inflammatory active stage, the
production of matrix metalloproteinases by vascular endothelium and macrophages
enables the CNV to digest through tissue planes and grow in size. At some point the
balance shifts toward anti-angiogenic, antiproteolytic, and anti-migratory activity
and the involutional stage of the CNV. In this involutional stage, the CNV may
become collagenised and form a disciform scar.*’ In this sequence of events, both

the environment and multiple genes can alter a patient’s susceptibility to AMD.
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In addition to the above a complex interaction of metabolic, functional, genetic and
environmental factors is thought to play an important role in the development of
CNV. Some affected patients have been shown to have specific genetic variants of
the complement factor H (CFH) gene, which put them at a higher risk of developing
the disease. Possession of the variant Y402H polymorphism is thought to
significantly increase the risk for AMD with reported odds ratios between 2.45 to

551
2.3.2 Histopathology

Gass et al proposed three different histological types of CNV based on studies of
five surgically enucleated eyes with CNV secondary to presumed ocular
histoplasmosis (POHS): type 1 CNV grows in a plane between the RPE and the
Bruch’s membrane (Figure 2.5); type 2 CNV grows between the retina and RPE

(Figure 2.6); or a combination of both.*’

; ﬁﬂﬁ“ﬁ#ﬂ { nuuouuonn-a

Figure2.6: The subretinal location of type 2 CNV.
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Grossniklaus and Gass attempted a further clinicopathologic correlation in 10
specimens of surgically excised CNV.*8 5 eyes had AMD and 5 had POHS. The
eyes were classified as type 1 & 2 on ophthalmoscopy alone; FA was not used. The
ophthalmoscopic criteria used to classify the macular lesion as type 1 were the
presence of drusen or retinal pigment epithelium detachment, and absence of
evidence of retinal pigment epithelium proliferation in the area of the choroidal
neovascularisation. Ophthalmoscopic criteria for classification as type 2 were a
subretinal pigmented halo or pigmented plaque in the area of the choroidal
neovascularisation, plaque-like elevation, and sharply defined borders of the
choroidal neovascularisation. They obtained a 90% match between their clinical and

histological classification.

Several studies have since extrapolated these findings to the FA classification of
CNV suggesting that type 1 may equate to occult and that a type 2 pattern may be
present in a classic CNV.* La Faut et al analysed 31 CNV surgical specimens
histologically. They included 19 classic, 10 occult, and two mixed membranes.

18 classic CNVs had a major subretinal fibrovascular component and 10 of these
had an additional, minor fibrovascular component under the RPE. The 10 occult
membranes contained a fibrovascular component under the RPE and the two mixed
membranes contained fibrovascular tissue on both sides of the RPE. Fibrin and
remains of outer segments tended to occur at the lateral edges of classic membranes

and to cover the inner surface of occult membranes. >°

In addition to the small numbers, these studies were all limited by the mixed case

series and the clinical classification technique.

The effect of the CNV and its sequelae is obtained from a large study by Green and

Enger who analysed 310 eyes with disciform scars.”! They found that the
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photoreceptor cell degeneration was progressively greater as the diameter and
thickness of the disciform scar increased. In disciform scars greater than 0.2mm in
thickness, only approximately 25% of the surface of the scar had some remaining
photoreceptor cells. Kim et al** found a 70% reduction in the outer nuclear layer
(ONL), but a good preservation of cells in the inner nuclear layer and ganglion cell
layer, overlying disciform scars. Greater loss of the cells of the ONL appeared to be
related to increased thickness of the scar, mainly its subneurosensory retinal

component and loss of RPE cells on the scar surface.
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2.4 FLUORESCEIN ANGIOGRAPHY

Although subretinal neovascularisation was observed histologically for years it was
difficult to appreciate clinically until the advent of fluorescein angiography (FA).
Despite having been developed almost half a century ago, FA remains the test of
choice for the diagnosis and classification of choroidal neovascularisation and we

are still learning how to interpret the various characteristics visible on the FA.

The two landmark trials that propagated the use of FA in the identification and
treatment of CNV were the Macular Photocoagulation Study (MPS) and the

treatment of AMD with photodynamic therapy (TAP) study.

The MPS commenced in 1979 and was the first prospective, randomised,
multicentre clinical trial that evaluated laser treatment of symptomatic CNV and
comprised of 3 separate studies: the Argon Macular Photocoagulation Study (1979—
1988) studied extrafoveal CNV; the Krypton Macular Photocoagulation Study
(1982-1991) for juxtafoveal CNV; and the Foveal Photocoagulation Study (1986
1994) for subfoveal (new or recurrent) CNV. In the MPS study, neovascular lesions
were initially classified by location (extrafoveal, juxtafoveal, or subfoveal) and then

by FA characteristics as classic or occult or mixed.

Classic CNV was defined as an area of choroidal hyperfluorescence with well-
demarcated boundaries in the early transit phase of the angiogram that continues to
leak during the mid and late phase with progressive increase in hyperfluorescence.
In the later phases, pooling of the dye occurs in the overlying subretinal space and

usually obscures the boundaries of the CNV (Figure 2.7).
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Occult CNV was subdivided into 2 categories: fibrovascular pigment epithelial
detachment (FPED), and late leakage from undetermined origin. Stereoscopic

angiography is essential for the recognition of occult CNV.,

Fibrovascular pigment epithelial detachment (FPED) is defined as an area of
stippled hyperfluorescence with irregular elevation of the RPE (Figure 2.8). By 10
minutes there may be persistent fluorescein staining or leakage within an area of

retinal pigment epithelial detachment (PED).

Late leakage of undetermined origin often appears as speckled hyperfluorescence
with pooling of dye in the sub RPE space and was the term used for leakage that
only became apparent 2 to 5 minutes after the fluorescein injection.

The Treatment of Age-related Macular Degeneration with Photodynamic Therapy
(TAP) Study Group adapted the definitions from the MPS study and subclassified
the lesions on the basis of the proportion of classic CNV. The TAP study was a
large multicentre randomised clinical trial whose objective was to determine
whether photodynamic therapy (PDT) with verteporfin, compared to placebo, could
reduce the risk of vision loss in eyes with subfoveal CNV secondary to AMD. %!

The lesions were determined to be

« predominantly classic CNV if the area of classic is > 50% of the area of the

entire lesion,

« minimally classic CNV if the area of classic is <50% but>0% of the area of the

entire lesion), or

o occult CNV with no classic CNV.

32



Figure 2.7: Colour fundus and fluorescein angiogram of subfoveal predominantly classic
choroidal neovascularisation showing a well demarcated area of early hyperfluorescence
with progressive leakage of the dye into subretinal space leading to blurring of the borders
of the lesion in the late phase.

Figure 2.8: Colour fundus and fluorescein angiogram (FA) of the left eye with fibrovascular
pigment epithelial detachment. FA shows stippled hyperfluorescence with irregular
elevation of the retinal pigment epithelium.




Other patterns of neovascularisation:

More recently other patterns of neovascularisation have been identified and defined

including retinal angiomatous proliferation and polypoidal choroidal vasculopathy.

Retinal angiomatous proliferation (RAP) (Figure 2.9) is thought to commence as
an intraretinal capillary proliferation, later extending into the subretinal space, and
finally terminating into a frank CNV.** Common clinical features of RAP include
small multiple intra-retinal haemorrhages, intra-retinal oedema, vascularised
pigment epithelial detachments (PEDs), and retinal choroidal anastomosis (RCA).
FA sometimes reveals an ill-defined, occult choroidal neovascularisation. ICG
angiography is useful in early stages because 'hot spots' can be detected before

clinical or FA characteristics are present.

Polypoidal choroidal vasculopathy (PCV) (Figure 2.10), was initially described in
1982, and is characterized by RPE detachments associated with choroidal
polypoidal lesions.’* The “aneurysms,” or polypoids, are clinically described as
reddish-orange nodules. The temporal juxtapapillary region has been reported to be
the most common location for PCV lesions;’’ however, peripheral and macular
lesions have also been reported.’® PCV lesions appeared hyperfluorescent in the
early phases of both fluorescein and ICG angiography. Late-phase leakage is seen in

cases associated with subretinal fluid or exudates.
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Figure 2.9: Colour fundus and fluorescein angiography (FA) of the right eye of a patient
with retinal angiomatous proliferation. The colour fundus shows small multiple
intraretinal haemorrhages and hard exudates. FA shows intraretinal haemorrhages and 2
hot spots.

Figure 2.10: These are images from a patient with juxtapapillary polypoidal choroidal
vasculopathy. The colour fundus photograph shows a nodular lesion which is polypoidal in
appearance in both the fluorescein angiogram and indocyanine green angiography.




2.4.1 Frequency of lesion types in neovascular AMD

FA classification of CNV determines its eligibility for treatment with PDT and

laser. Several studies have evaluated the frequency of lesion types in neovascular

AMD (Table 2.2).

Table 2.2: Distribution (in percentage) of lesion subtypes in neovascular age-related

macular degeneration.

Predo- Mini-
Authors Year |N Other | Classic minantly gllzlslzlic Occult
lesions | CNV Classic CNV CNV
CNV
Moisseiev etal | 1995 100 27% 37% 7% 19%
Margherio etal | 2000 474 - 44% 56%
Bermig et al 2002 191 - 9% 10% 21% 60%
Zawinka et al 2005 168 - 21% 19% 60%
Olsen et al 2004 200 - 26% 6.5% 67.5%
Cohen et al 2007 205 12% 23% 8.0% 57%
Aliet al 2004 98 - 12% 31.6% | 35.7% 20.4%

Moisseiev et al tried to determine the percentage of cases that would have been

eligible for treatment according to MPS guidelines.’’ They randomly selected 100

FAs of patients with exudative AMD over a § -year period (1985-1990) and

classified them into 4 groups: active lesion, PED, haemorrhage and disciform scar.

63% (63 eyes) had an active lesion further subdivided as classic (37%), occult

(19%) and mixed (7%). Only 15 eyes in the classic CNV group were found to be

eligible for laser treatment by MPS criteria as the rest (22%) had a subfoveal

location.

Margherio et al performed a retrospective study of 474 cases with neovascular

AMD to determine their eligibility for PDT.*® 83% CNV were subfoveal, 44% were
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predominantly classic and 56% were minimally classic or occult. Of the eyes with

predominantly classic CNV, 36% were eligible for verteporfin PDT (TAP criteria).

In a prospective study Bermig et al recruited 191 patients with acute symptoms due
to exudative AMD.” They estimated the percentage of patients who would be
amenable to either laser photocoagulation as per MPS guidelines or PDT as per
TAP guidelines. 9% of the eyes had classic only lesions, 10 % had a predominantly
classic CNV, 60% were occult with/ without PED, while 21% were minimally
classic lesions. Only 14% eyes were eligible for PDT per TAP criteria and 3% were
suitable for argon laser photocoagulation. Majority (83%) were not eligible for

either treatment.

Zawinka et al performed a similar study as the Bermig group in 168 eyes of 153
patients.% Thirty-five eyes had predominantly classic CNV (21%), 101 eyes had
pure occult CNV (60%), and 19% (32 eyes) had minimally classic CNV. 17 %
lesions, 28 of the 35 eyes with predominantly classic CNV and 5 out of 101 eyes
with pure occult met the TAP and VIP eligibility criteria for PDT treatment. 3%

could have been treated with laser photocoagulation according to MPS criteria.

In a cross-sectional study Olsen et al evaluated the frequency of lesion types in 200
cases of neovascular AMD using FA.®! Lesions were subfoveal in 157 (78.5%),
juxtafoveal in 33 (16.5%), and extrafoveal in 10 (5%) and predominantly classic in
52 (26%), occult with no classic in 135 (67.5%), and minimally classic in 13

(6.5%).

Cohen et al prospectively recruited 205 cases to describe the types and location of
CNV in newly diagnosed exudative AMD.%2 While all patients had FA, in 50% ICG

was also performed. Types and location of CNV were classified by two independent
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experts and adjudicated by a third when discordant. In this study 12% had either
haemorrhage occupying an area more than 50% of the lesion or a disciform scar,
23% eyes had predominantly classic CN'V, 57% had occult CNV and 8% had a
minimally classic lesion. 15% of the occult CNV had RAP. 8% lesions were
subfoveal. There was only a moderate agreement between the experts in the location

(x=0.52) and type of lesion (x=0.59).

Ali et al performed a retrospective morphometric analysis of 98 angiograms to study
the change in lesion components in untreated exudative AMD at 2 time points
separated by an interval of 3 weeks.%’ They excluded eyes with fibrosis >50% of
lesion, large lesions >6000 um and fibrovascular PED- as these features were
considered to indicate chronicity. They observed the classic containing CNV tended
to be smaller than lesions with occult CNV; increase in the area of lesions with
classic CNV is faster than that of lesions with occult CNV; and while most eyes
remained in the category to which they were assigned at baseline, 5 eyes with
classic only CNV at baseline converted to predominantly classic CNV. At baseline
12%, 31.6%, 35.7% and 20.4% eyes had classic, predominantly classic, minimally
classic and pure occult CNV respectively. Twenty-three changes were noted, 10 in
the direction of increasing classic CNV, while 13 were in the opposite direction.
The distribution of eyes by CNV category at baseline and the first visit for this

study is depicted in the table 2.3.
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Table 2.3 Change in lesion composition in untreated neovascular AMD at two time
points separated by an interval of 3 weeks. Distribution of eyes at baseline and first
visit.

Distribution at baseline
Distribution at 1% visit 0% 1%-49% | 50-99% 100%
Classic Classic Classic Classic
(n=20) (n=35) (n=31) (n=12)
0% Classic 17 2 2 0
1%- 49% Classic 3 26 -+ 0
50-99% Classic 0 7 25 S
100% Classic 0 0 0 7

The changes in the classification and sub classification of CNV over time and the
introduction of new eligibility criteria for treatment are reflected in these studies. It
is difficult to make comparisons between these studies as they have been influenced
by the different definitions and grading criteria. Studies around the MPS era
classified lesions as occult or classic, but since the introduction of PDT the terms
predominantly and minimally classic have also become more commonly used. The
earlier studies found a high proportion of classic CNV (Moisseiev and Margherio),
while later studies have found a higher proportion of occult. The natural history of
the disease process also affects the diagnosis and can thus influence the
management. As FA is a subjective assessment, the expertise of the graders and the

availability of treatment may have also influence the classification in these studies.
2.4.2 Limitations of fluorescein angiography

FA remains the primary investigation for neovascular AMD, but it has several
limitations. Although fluorescein is well tolerated by most patients, angiography is

an invasive procedure with the risk of adverse reactions. These, though unusual, can
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occur in 5 to 10 percent of patients and can range from mild pruritus to

anaphylaxis.®* 6

Interpretation of the abnormal angiogram relies on the identification of areas that
exhibit hypofluorescence or hyperfluorescence. As fluorescein is only 70-85%
bound to serum proteins, the extent of the background choroidal fluorescence tends
to increase as free fluorescein molecules leak from the highly fenestrated
choriocapillaris into the extravascular space. This can obscure the details of

choroidal and retinal circulation.

The peak excitation and emission spectra for fluorescein is approximately 490nm
and 530nm respectively. Within this range the light absorbed by the dye cannot

penetrate the RPE and dense haemorrhage and may mask the underlying pathology.

Stereoscopic angiography and good quality angiograms are essential to accurate
lesion classification and interpretation and the technique can be technician/ observer

dependent.

Interpretation of the images also requires additional training. Angiographic
classification of CNV can vary considerably not only between observers but also for
repeated evaluation by the same observer. The fluorescein angiogram in patients
with neovascular AMD for PDT eligibility (FLAP) study tried to determine
intraobserver and interobserver variation for classifying types of CNV.% FA of 40
patients were presented in randomised sequence to 16 independent retinal specialists
for classification of type of CNV into classic, occult, or mixed with classic
component of less or greater 50%. The mean k coefficient was 0.64+0.11 for
intraobserver variability and 0.55-0.66 for interobserver variability. Zayit-Soudry et

al, evaluated 92 FAs of patients with neovascular AMD to determine the variability
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among 5 retina specialists in their determination of the location of CNV (subfoveal,
juxtafoveal, or extrafoveal), lesion composition (no classic, 0 to 50% classic,
predominantly classic, or 100% classic) and eligibility for PDT (recommendations
of Verteporfin Roundtable Participants: lesion composition—predominantly classic
CNV, occult with no classic CNV with presumed recent disease progression, or
relatively small minimally classic lesions; CNV location—subfoveal or so close to
the foveal centre that conventional laser photocoagulation treatment almost certainly
would extend under the centre; and lesion size—<4 Macular Photocoagulation
Study disk areas for minimally classic CNV or occult with no classic lesions). 67> 68
They found only a slight agreement for CNV composition (k=0.285). The
agreement among the graders reduced further when eligibility for PDT was
considered and k was 0.163. Friedman and Curtis evaluated the agreement rate
among 21 retina specialists in classifying 6 nonstereoscopic film FA’s for CNV
type. They reported a moderate interobserver agreement of 0.64.%° Though these
studies show significant variability amongst retina specialists in interpreting FA’s,
the small numbers and lack of standardised training of the observers limited them.
In a small study of 6 patients Kaiser et al (2002) investigated the interrater
reliability between 8 retina specialists for retreatment. 7° In grading initial and
follow-up visit angiograms, the overall concordance rates were 81% and 82%. In
their study, all graders were either TAP study investigators or participants of a
fundus imaging reading centre and therefore reflect greater homogeneity in
interpretation of FAs. In our own experience with adequate training, graders in a
grading centre have up to 90% concordance (Concordance Grading Report, 2007,

NetWORC UK meeting, Liverpool).
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2.5 NATURAL HISTORY OF NEOVASCULAR AMD

The reported natural history data for untreated neovascular AMD varies according
to lesion location, composition and size. Here I discuss the visual prognosis in eyes
with untreated subfoveal CNV using evidence from the placebo arms of large

randomised clinical trials (Table 2.4).

Studies of subfoveal classic CNV due to AMD indicate a worse prognosis for vision
loss in this group. The MPS group enrolled 373 eyes into a randomised controlled
clinical trial to investigate the effects of laser photocoagulation for the treatment of
subfoveal classic CNV due to AMD (Subfoveal New CNV Study). In the 184 eyes
randomised to no treatment, VA decreased by at least 2 lines from baseline in 82%
eyes at both 2-year and 4-year examinations. The number of eyes with a loss of >6
lines of VA increased from 37% at 2 years to 47% at 4 years. The percentage of
eyes with VA of 20/200 or worse increased from 36% at baseline to 88% and 89%

at 2 years and 4 years, respectively.*® !

Coscas et al conducted a clinical trial of 160 eyes with subfoveal classic lesions,
measuring 0.5 to 2.5 MPS disc areas to investigate the effects of perifoveal laser
photocoagulation.” At 2 years, 47 (80%) of 59 untreated eyes had lost >3 lines of
VA, and 29 eyes (49%) had lost >6 lines. VA was 20/200 or worse in 53 eyes (90%)

at the end of follow-up.

Other studies, TAP study and Verteporfin In Photodynamic Therapy (VIP), also
enrolled eyes with subfoveal CNV, but had broader eligibility criteria for lesion
size, lesion composition and visual acuity than the MPS study. The TAP study,
initiated in 1996, examined the effect of PDT with verteporfin (Visudyne, Novartis

Pharma AG, Basel, Switzerland) on the risk of vision loss in patients with subfoveal
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CNV (with evidence of classic CNV) due to AMD. 609 patients were randomised in
aratio of 2:1 to verteporfin or placebo (5% dextrose in water). In the placebo group
of 207 eyes, 48% had a VA worse than 20/200 at 1 year, and the mean VA loss was
3.5 lines; 54% had a VA loss of >3 lines and 24% had a loss of >6 lines at 1 year.
By 2-year examination, mean VA loss had increased to 3.9 lines, 62% of eyes lost
23 lines and 30% lost >6lines. 55% had VA<20/200. In this group, 83 had
predominantly classic CNV and 104 had minimally classic CNV. The remaining 20
eyes had occult with no classic and should not have been enrolled according to the
study criteria. The predominantly classic eyes had a worse visual outcome at 12 and

24 months compared to the eyes with occult CNV.

The VIP study included eyes with subfoveal CNV due to AMD and either occult
with no classic CNV and recent disease progression or classic CNV and VA
>20/40. 114 eyes were assigned to the placebo group; at 2 years 67% had lost >3
lines of VA and 47% had lost >6 lines of VA. Of 92 éyes with occult with no classic
at baseline, 55% had lost >3 lines and 33% had lost >6 lines at 12 months and 69%
and 47% respectively at 24 months. Classic CNV developed in 60% of the 92 eyes

and these eyes appeared to have a worse VA outcome at 2 years.
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Table 2.4: Visual outcomes for untreated eyes with neovascular AMD classified

according to lesion subtype

Study No.of | Locationand | Visit | >2 [ >3 | >6 VA<20/200
untreated | type of CNV | (month) | lines | lines | lines
eyes loss | loss | loss
0 - - - 36%
MPS 184 Subfoveal 24 8% | - |[37% 88%
(Subfoveal Classic 48 82% | - | 47% 89%
New CNV
Study)
59 24 - 80% | 49% 90%
Coscas et al. Subfoveal
Classic
12 - | 54% | 24% 48%
TAP 207 Subfoveal 24 - 62% | 30% 55%
CNV
Subfoveal 12 - | 60% | 34%
TAP 83 Predominantly 24 - |1 69% | 36%
Classic
Subfoveal 12 - 45% | 16%
TAP 104 Minimally 24 - 1 56% | 27%
Classic
Occult with 24 67% | 47%
VIP 114 no classic
CNV &
Classic CNV
with
VA>20/40
Occult with 12 55% | 33% 33%
VIP 92 no classic 24 69% | 47% 45%
CNV

In summary, studies of eyes with subfoveal classic CNV (which could also have an

occult component) found decreases of >3 lines of VA in approximately 60% to 80%

over 2 years of follow-up. Also, eyes with predominantly classic CNV or occult

with no classic appear to have the worst final VA. In addition, the development or

progression of classic CNV had a negative impact on VA outcomes. One of the

weaknesses of using natural history data from RCTs is that the eligibility criteria for

acceptance into these studies excludes a lot of patients and therefore may not be

applicable to the general population.
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Fellow eye involvement

AMD is a bilateral disease with a fairly symmetrical presentation and natural
history. In the AREDS study, patients with advanced AMD in one eye had a 43%
expected probability of progression to advanced AMD in the fellow eye at 5 years.
AREDS report 18 developed a simplified scoring system assigning to each eye 1
risk factor for the presence of 1 or more large drusen and 1 risk factor for the
presence of any pigment abnormality (Section 2.2.4, Figure 2.2). The risk factor
score correlates with the patient’s 5-year chance of progression from early to
advanced AMD. 0 factors, 0.5%; 1 factor, 3%; 2 factors, 12%; 3 factors, 25%; and 4

factors, 50%.

The MPS group found that 42% of patients with neovascular AMD in one eye
developed similar disease in their second eye within 5 years.” In their study,
patients with subfoveal and juxtafoveal CNV in one eye and fellow eyes with no
CNV at baseline, CNV developed in 35% at 5 years. They found 87% of eyes with
4 risk factors: presence of five or more drusen, focal hyperpigmentation, one or

more large drusen, and definite systemic hypertension developed CNV at 5 years.

Pauleikhoff et al investigated visual prognosis in fellow eyes in relation to lesion
composition in a longitudinal study of 187 patients with newly diagnosed unilateral
neovascular AMD.” They compared two subgroups; 130 patients (70%) had
predominantly classic CNV and 57 (30%) had occult CNV with PED. They found a
significantly higher risk of >3 lines of vision loss in the fellow eyes of patients with
occult CNV. The cumulative risk of >3 lines of vision loss in the fellow eyes at 4

years was 31.9% in eyes with predominantly classic CNV as apposed to 69% in

eyes with occult CNV with PED (p<0.001).
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Thus there seems to be consistency across studies and visual prognosis in the fellow
eye appears to be worse with greater number of risk factors. This information can be

useful for prophylaxis and management of the patients with unilateral disease.
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2.6 OPTICAL COHERENCE TOMOGRAPHY

Optical Coherence Tomography (OCT) is a relatively recent medical diagnostic
imaging modality that can perform non-invasive, high resolution, micron scale,
cross-sectional imaging of the internal microstructure in biological tissues by
measuring the echo time delay and intensity of back scattered or back reflected
light.”""787 1t allows real time in-situ imaging of tissue structure or pathology and
claims resolutions of 1 to 15 microns (um). Huang et al first described the technique
of OCT for non-invasive cross-sectional imaging in human retina and coronary
artery in the journal Science in 1991. Owing to the clarity of the optical media, OCT
has found an increasing use in ophthalmology. In this section of my thesis I present
an overview of the principles of operation of time-domain OCT imaging, factors
affecting image quality, interpretation of OCT images of normal retina and a review

of the relevant literature for the use of OCT in AMD.
2.6.1 Principles of optical coherence tomography
Optical interferometry

OCT imaging is analogous to ultrasound B-mode imaging, except that it uses light
instead of sound. When a light beam is incident onto tissue, it is backreflected from
boundaries between different tissues and backscattered differently from tissues that
have different optical properties and is attenuated by absorption and scattering as it
propagates into the tissue.®” (Backscatter is the reflection of light waves back to the
direction they came from.) The returning or backscattered light is attenuated by
absorption and scattering as it propagates out of tissue. The OCT technique
currently available in clinical practice and used for this study is referred to as time-

domain OCT, because the depth information from the retina is acquired as a
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sequence of samples, over time. Because of the speed of light these optical “echoes”
cannot be measured directly by the instrument. Therefore the OCT uses low
coherence interferometry to perform time and distance measurements for imaging.
The coherence length determines the axial resolution of the OCT image. In order to
perform distance measurements with tens-of-micron resolution, it is necessary to
use an optical instrument that compares or correlates one optical beam or light wave
with another reference optical beam or light wave. This is achieved using a
fibreoptic Michelson interferometer. Low coherence light (830nm wavelength) from
a superluminescent diode (SLD) source is directed onto a partially reflecting mirror
functioning as a beamsplitter and is split into measurement and reference beams.
One light beam is directed onto the patient’s eye and is reflected from intraocular
structures at different distances. The light signal from the tissue, consisting of
multiple echoes, and the light from the reference mirror consisting of a single echo
at a known delay are combined by an interferometer and detected by a
photodetector. In order to measure the time delays of light echoes from different
structures within the eye, the position of the reference mirror is varied so that the
time delay of the reference light pulse is adjusted accordingly. Figure 2.11 shows a

schematic representation of the fibreoptic version of the interferometer.
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Figure 2.11: Ray diagram showing the principle of interferometry. Light from a source
is directed onto the beamsplitter and split into measurement and reference beams.
The measurement beam is back reflected from the tissue with different echo time
delays, depending on its internal microstructure and the reference beam is reflected at
a known distance, which produces a known time delay. The light from these two arms
are combined by the interferometer and detected.

Image generation

The simplest type of measurement that can be performed by OCT is information on
tissue distances, i.e. axial distance. Once an axial measurement or A-mode scan has
been made, the relative position of the different structures is measured by scanning
the transverse position of the optical beam within the eye. Cross-sectional imaging
of tissue is achieved by performing successive axial measurements or A-mode scans

of the tissue at different transverse positions.
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Image display

OCT images can be displayed in either a grey scale or a false colour scale (Figure
2.12). On entering the OCT detector system light that is returned from the tissue
being examined interferes with that from the reference arm. The resultant intensity
of this interference is recorded at 500 points along an individual z-axis scan and is
represented by a logarithmic pseudocolour scale. The arbitrary units of the signal
intensity have a range of 0 to 1600, whereas the pseudocolour scale consists of 16
colours. Tissue structures are mapped into different colours based on their scattering
properties, white and red colours designate signals from the most reflective
structures, and the black and green designate signals from structures that are the
least backscattering. The result of the pseudocolour scale is likely to be a grouping
of a wide range of higher signal intensities into single-colour bands of red or white.
Thus, significant variations in signal intensity within the inner and outer bands of
retinal OCT images may not be displayed. Also, the false colours reflect different
optical properties rather than necessarily different tissue morphology and are not

analogous to histological staining.®'
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Figure 2.12: Grey-scale and false scale display of OCT images. The grey scale image is
displayed using a logarithmic mapping of the signal intensity onto a grey scale ranging from
white to black. The amaximum signal is approximately 50db, while the minimum detectable
signal is approximately 95db. In the false colour scan, the maximum signal is represented by a
red-white colour, while the minimum detectable signal is represented by a blue-black colour.



Image resolution

The z-plane is always displayed in the vertical axis, and each pixel has a depth
measurement of 4 um. The spatial resolution of OCT images in the x—y plane is
dependent on both the optical limitations of the ocular media and the design
constraints of the instrument. These limitations are apparent when attempting to
image over a wide x—y field. Each OCT image is constructed from 512 equally
spaced individual z-axis scans, the x—y dimensions of each being constant,
irrespective of the area of retina scanned. Thus, the greater the x—y field imaged, the
greater the spacing between the individual z-axis scans, ranging from 10to 110 um,
and the lower the resolution in the x—y plane. Thus, for example, when the longest
scan is used, the foveola may be missed, because it is only 150 pum across. For the
Stratus OCT systems used in our experiments, the lateral (transverse) resolution is
also determined by the spot size of the focussed OCT beam. The smallest spot size
that can be achieved on the retina is limited by the pupil and the optical aberrations
in the eye and is usually ~20-25 pm for the Stratus OCT3. It is therefore evident
that, in all three dimensions, the pixelation of images gives rise to both a mismatch
between theoretical and practical resolution and indistinct borders on images of

tissues.
2.6.2 Optical coherence tomography scanning protocols

In order to create a B-scan, the OCT scanning beam can translate either along a
straight line or along a circle. The software provided with the OCT3 offers a
number of scanning protocols, which are combinations of these basic scanning
options. The scanning protocols used for retinal examination are mainly the line

scan protocols (Figure 2.13).
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Figure 2.13: The Zeiss OCT 3 has several built-in protocols for scanning the retina
and the optic nerve head. A protocol is simply a pre-determined procedure or
method. The protocols are represented by descriptive icons in the software, as shown
above.

Line scan: The line is a basic scan protocol of the OCT to get a linear scan. The
length and angle can be adjusted. The default pattern is a horizontal line 0°, 5mm in

length.

Circle scan: The circle protocol is a basic scan form used to acquire multiple circles.

The radius of each scan can be adjusted.
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Raster lines: This consists of a series of six to 24 equally spaced parallel lines over a

rectangular region.’”” The height and width of the aiming box can be adjusted.

Radial lines: This consists of a series of 6 to 24 equally spaced lines through a

common centre. The default pattern has 6 lines of 6mm in length.

Fast macular thickness map: This is a time efficient fast scan designed to simplify
the process and shorten the acquisition time. The main advantage is that the scan is
acquired in 1.92 seconds. This protocol consists of six 6 mm radial line scans that
compress the six macular thickness map scans into one scan. All parameters are
fixed, the scan alignment and placement area is required only once. The resolution

is lower, but the chance of error from patient movement is reduced.
2.6.3 Factors affecting quality of optical coherence tomography scans
Signal to noise ratio

Signal to noise, or the brightness of the retinal features when compared to the
background noise, is an important indicator of OCT image quality. This can be
affected by ocular media opacities in the cornea, aqueous, lens and vitreous.
Improper alignment of the OCT imaging beam can result in the beam being blocked
by the iris and is characterised by the loss of signal over a specific portion of the
OCT image. Reducing the noise can lead to better quality images that show more

intraretinal details and have better delineation of each retinal layer.
Patient fixation

The quality of the scan also depends on the patient’s ability to keep the eye steadily
fixed on the internal or external fixation light; even the slightest eye movements can
cause significant motion artefacts in the scan. The instrument’s efficacy is partly

limited by the time required for acquiring scans (2.5 seconds). Thus rapid blinking
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can also lead to artefacts in the scan. Even in patients with normal fixation,
involuntary eye motion amplitudes can be up to several hundred microns at the
retina, which is much bigger than the transverse image resolution of the currently

available OCT instruments.
Operator factors

Since optical backreflection or backscattering from retinal structures are very weak,
reduction in the signal level can occur as a result of operator error during imaging.
For optimum scanning, the careful use and adjustment of the focussing control is

required during the acquisition sequence.
Retinal morphology

Retinal abnormalities can also be associated with changes in the optical properties
that can affect the quality of the OCT images. Focal decreases in backscattering and
backreflection may be caused by shadowing from hyperreflective tissues such as
haemorrhage, exudates or a detached RPE whereas increased transmission can occur

as a result of fibrosis or atrophy. Thus, care is needed in interpreting these images.
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2.6.4 Optical coherence tomography image of the normal retina

In a normal eye the OCT scan of the retina shows four pseudocoloured bands that,
on passing from the vitreous surface toward the sclera, have the following sequence:
red-white, yellow-green, black, and red-white (Figure 2.14). The vitreous appears
optically empty. The vitreo-retinal interface, the innermost (red-white) band, is
identified by the increase in backscatteringand backreflection between the
transparent vitreous and the surface of the inner retina and is thought to correlate
with the retinal nerve fibre layer (RNFL). The fovea is identified by its
characteristic morphology, i.e. depression or pit, due to the absence of the inner
retinal layers. There is also an increase in thickness of the photoreceptor layer at the
foveola. The optic disc is recognised by its contour. The RNFL is thicker in the
region of the optic disc and becomes thinner towards the macula. The outer high
reflectivity band is seen as a double laminar structure. The inner layer is thought to
correspond to the junction between the inner and outer segment of the
photoreceptors and the outer lamina to the RPE and choriocapillaris and is visible as
red-white in the false-colour image demarcating the posterior boundary of the
retina. Posterior to the choriocapillaris, relatively weak signals are visible from the
deep choroid and sclera due to attenuation of the optical beam after passing through

the retina, RPE, and choriocapillaris.
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Figure 2.14: OCT tomogram of the normal retina, with a transverse width of 10mm and passing
through the fovea and the optic disc.



2.6.5 Comparative histology

OCT scans are usually displayed in a false colour scale. False colour coding
represents a plot of the logarithm of the intensity of backreflected or backscattered
light. The dimensions of the pseudocolour bands do not display the same ratios as
the cell layers in histologic sections. It is therefore extremely difficult to assign the

pseudocolour bands in the OCT images to specific anatomic components.

Figure 2.15 shows the microstructure of the various retinal layers that can be
differentiated on the OCT images and is correlated with the morphology of the

retina.

Toth et al were amongst the first to relate the pseudocolour banding on OCT scans
to retinal structural components in primate eyes.® In their study they assumed that
the innermost aspect of the inner high-signal band corresponded to the inner limiting
membrane (ILM) and that the innermost aspect of the outer band corresponded to
the apical surface of the RPE. They then compressed the histological images by
between 4% and 12%, so that the distance between these two components matched
those of their OCT scans. They reported that the outer aspect of the inner band was
coincident with the outer aspect of the RNFL. Thus their images had four high-
signal bands that corresponded to the RNFL, inner plexiform layer (IPL), the outer
plexiform layer (OPL), and the RPE. Although their experimental findings seem to
indicate a direct correlation between OCT strata and retinal cellular components, the
match is only superficial. For the bands said to correspond to the RNFL and OPL,
the ranges of thickness measurements were 3.3 and 7.9 times greater on OCT than

light microscopy for the published images.
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Figure 2.15: Comparison of an in vivo OCT image of the normal human
macula to a histological micrograph of the normal human macula. The OCT
image has 1:1 aspect ratio to permit comparison to histology. Several layers can
be resolved and have been labelled in the image: inner limiting membrane
(ILLM), nerve fibre layer (NFL), ganglion cell layer (GCL), inner plexiform layer
(IPL), inner nuclear layer (INL), junction between the inner and outer segment
of the photoreceptors (IS/OS PR), outer nuclear layer (ONL), retinal pigment
epithelium (RPE). The foveola, fovea centralis, as well as the parafoveal region,
are also indicated. (Nature 2001;7:502-507)
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Chauhan and Marshall® correlated OCT images with histology using cadaveric
human and bovine glutaraldehyde-fixed retina. No image manipulation was
performed and matches in retinal thickness were directly correlated to tissue
obtained by controlled dissection of superficial retinal layers using excimer laser
ablation (mean depth of ablation was 0.49 microns). On correlation with light
microscopy, the location and thickness of the inner band of high OCT signal
corresponded to the sum of the RNFL, GCL and part of the IPL and was 7.3 times
that of the RNFL, while the outer band of hi gh signal corresponded to the RPE,
choriocapillaris and half the choroid and was 2.6 times greater than the RPE-
choriocapillaris complex. They observed, though reduced in thickness, the inner
high reflectivity band persisted even after the deliberate destruction of inner retinal
layers contradicting the notion of tissue-specific origin of OCT signal. By
comparing the distribution of melanin on OCT images with fundus appearance in
in-vivo experiments in patients with retinitis pigmentosa, they attributed the
location of the inner limit of the outer high reflectivity band to the apical region of
the RPE layer, because it is within this 3-mm layer that melanin granules are
concentrated. In their in-vitro experiment the location of the inner border of the
outer hyper-reflectivity band remained constant and close to the apical RPE (within
28um on histological correlation), even with progressive ablation. The thickness of
the band was attributed to the RPE, choriocapillaris, and just under half of the

choroid in human eyes.

Ghazi et al also tried to address the origin of the outer high reflectivity band on
OCT images.* 11 formalin-fixed caps of 7 human eyes enucleated for choroidal
melanoma were used. Outer high reflectivity band, which they termed “outer red

line (ORL)”, was evaluated by sequential surgical elimination of RPE, Bruch’s
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membrane and choroid and OCT images through these areas were correlated with
corresponding histological sections. The ORL was partially altered in areas from
which the RPE only was removed, and there was increased signal transmission to
deeper layers; discontinuous in areas from which the RPE/BM was excised with a
residual, irregular, hyper-reflective band external to it, and increased signal
transmission and abolished in areas where all three layers were taken out, leaving a
sharply demarcated residual hyper-reflective band at an even more external level
and increased signal transmission. Their findings suggested a predominant
contribution from the Bruch’s membrane and the inner choroid to the outer high

reflectivity band, compared with the RPE (Figure 2.16).

To date most attempts to correlate optical stratification with retinal histology has
had important limitations. In the studies discussed here, differing conclusions
regarding the origin of the inner and outer bands were reached. Also, none of the
papers have addressed the double laminar structure of the outer high reflectivity
band or assessed the contribution of the neurosensory retina to the anterior limit of
the band. This may be because the aforementioned studies were performed using the
OCT?2 (Toth et al, 1997; Chauhan et al, 1999) or an earlier prototype with limited
resolution and this led to incorrect interpretation of this structure as the RPE.
Further understanding of this retinal microstructure has been possible since the
advent of ultrahigh-resolution (UHR-OCT). A comparison study on macular
imaging with UHR-OCT and OCT3 exhibited similar performance in differentiation
of the thicker and more hyperreflective intraretinal layers. In addition, UHR-OCT
permitted enhanced resolution of some of the finer retinal structures such as external
limiting membrane, photoreceptor inner and outer segments and possible Bruch’s

membrane and choriocapillaris. UHR-OCT uses femto-second laser as a light
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source and axial imaging resolutions have been claimed to be approximately 3 pm
in the human eye.*® This technology is only available for research use at present.
Though human studies are not available, animal studies performed comparing UHR
OCT imaging to retinal histology from the pig and monkey, and intraretinal features
on UHR OCT have shown good correspondence and also helped to delineate the
junction between the photoreceptor inner and outer segment.®® % On UHR-OCT, the
photoreceptor outer segment (OS) is ~ 40 pm thick at the foveola and accounts for
18% thickness of the total retina.®® A recent histological study using glutaraldehyde
as a fixative, measured the OS length at about 20 to 30 um in the human foveola

and about 20% of the total retinal thickness.®®

UHR-OCT imaging has demonstrated possible artifactual modification of the
RPE/photoreceptor border tissue in the course of histological processing. Thus, it
may be that in the absence of pathology, the inner high reflective band represents
the RNFL and the outer high reflective band has a bilaminar structure; the inner
representing the photoreceptor IS/OS junction and the outer the RPE/ Bruch’s
membrane/choriocapillaris complex. The degree to which these findings can be
applied to macular degeneration is not known. Accumulation of fluid within and
under the retina and RPE, fibrosis, RPE abnormalities, drusen, etc may result in
change or displacement of the reflective interfaces, associated alterations in incident
and backscattered light, and changes in refractive index adjacent to the interface

compared to normal.
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Figure 2.16: Relative contribution of the layers to the outer “red line” (ORL) in OCT3 images of
the peripheral retina. Areas a, b, and c, respectively, represent areas from which retinal pigment
epithelium (RPE); RPE and Bruch’s membrane; and RPE, Bruch’s membrane and choroid were
surgically removed. The ORL is partially altered (arrow) in (a) with increased signal transmission
to deeper layers compared with surrounding surgically unaltered areas. The ORL is
discontinuous in (b) with a residual irregular hyper-reflective band (arrow) external to its position
in surgically unaltered areas, with increased signal transmission. The ORL is abolished in (c) with
a residual sharply demarcated hyper-reflective band (arrow) at an even more external level and
increased signal transmission. The curved arrow points to an artefact of the surgical dissection.

(Reproduced from: Ghazi NG, Dibernardo C, Ying HS, et al.)



2.6.6 Optical coherence tomography in neovascular AMD

Retinal diseases usually manifest as a structural disruption of the normal retinal
architecture and can lead to changes in retinal thickness and optical properties. In
1995, Puliafito et al published their findings using OCT for the examination of
macular diseases in 51 eyes of 44 patients. In this observational study they
described OCT characteristics of macular hole, epiretinal membrane, cystoid
macular oedema and PED and demonstrated the feasibility of applying this

technology in macular pathologies.

Toth et al®® & Fukuchi et al®! have separately compared OCT images with histology
in laser induced CNV in monkey and rat retinas respectively. Their studies showed
that OCT may demonstrate the positional relationship between neovascularisation
and RPE and that CNV is imaged in the intraretinal space as a highly reflective red
signal. This high reflective band is attributed to RPE cells enveloping the CNV.
Comparative histology showed that on OCT, retinal fluid collections appear as

hyporeflective black spaces whether subretinal or intraretinal.

Although, OCT is now widely applied in the diagnosis of various macular diseases
its role in patients with AMD is less well established. Until recently, the
management of neovascular AMD and treatment criteria have been based on the
classification of CNV on FA. AMD studies such as the MPS, TAP and VIP used FA
to determine the need for treatment. Numerous studies have recently emerged
piloting the use of OCT in this category of patients both in the detection and
classification of lesions and in the guidelines for follow-up and retreatment of

patients.
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In 1994, Hee et al were the first to report the use of OCT in 391 patients with non-
exudative and exudative AMD. Initial diagnosis was made using slit-lamp
biomicroscopy and FA.% Comparisons between OCT and FA were performed on 90
eyes with exudative AMD and no previous laser, drusen, geographic atrophy or
disciform scarring. CNV’s were classified on FA as classic, occult, mixed, serous
PED and haemorrhagic PED. On OCT the lesions of exudative AMD were
described as: 1) well-defined CNV in the presence of a fusiform thickening of the
outer high reflectivity band (OHRB) with well defined boundaries, 2) poorly
defined CNV when the disruption of the OHRB was diffuse with ill-defined
boundaries, 3) serous PED in the presence of a sharp elevation of the RPE reflection
over an optically clear space and shadowing the reflections from the choroid below,
4) fibrovascular PED when the elevation of the RPE is over a moderately
backscattering region, and 5) haemorrhagic PED where the elevated reflection of
the RPE is over a highly backscattering region with complete shadowing of the
choroidal reflection. In this study the majority of the angiographically classic CNV
appeared as well-defined CNV on OCT, whereas occult CNV were poorly defined,
fibrovascular PED or serous PEDs on OCT. This was mainly a descriptive study
with a mixed case series and the only conclusion reached was that OCT

classifications did not correspond directly to FA descriptions.

Sandhu et al assessed the diagnostic accuracy of OCT in predicting FA findings in
patients suspected of having CNV due to multiple causes. ** In this observational
study, FA and OCT scans of 131 eyes were assigned a diagnosis by 2 masked
observers. MPS, TAP and VIP protocols were used to classify the lesions on FA, as
classic, occult, serous PED and an additional category of no CNV and were

expected to correspond to OCT scans showing a well-defined OHRB, a poorly

65



defined OHRB, a dome shaped elevation of the OHRB and no signs of CNV
respectively. Using FA as the reference standard, OCT was good at detecting the
presence of CNV (sensitivity 96.4%). But, the authors reported that OCT was less
accurate at identifying the components of the CNV (specificity 66%), especially
with occult lesions as these were hard to characterise, appearing to have components
of classic CNV, cystoid and PED. They were also unable to distinguish serous from

vascularised PED on OCT.

In a retrospective study using OCT, Ting et al found CMO in 46% of the 61 eyes
with subfoveal CNV secondary to AMD.** They reported a statistically significant
association between CMO and reduced vision and between the presence of classic
CNV on FA and CMO on OCT. They found a weak association between retinal

thickness at the fovea and vision (p=0.02).

The studies presented here were pilot studies exploring the feasibility of using OCT
in the management of neovascular AMD. The universal limitation of the above
studies was in using FA as the reference standard. The difference in the macular
examination techniques with OCT imaging the retina in the z-plane in addition to
the x-y plane, the difficulty in distinguishing between staining and leakage and the
presence CMO and SRF angiographically in the setting of leakage from the CNV on
FA, may further add to these discrepancies.”® Also none of the studies validated

their technique for the interpretation of the scans.

Rogers et al described OCT findings following PDT of predominantly classic CNV
based on a retrospective review of 79 eyes of 77 patients.”® They created a 5-stage
OCT classification in an attempt to monitor the response of eyes with subfoveal
CNV treated with PDT. Stage 1 was described in 2 eyes as an increase in SRF due

to an inflammatory response within the first week of treatment. Stage 2 was
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recognised in 28 eyes by the reduction in SRF between 1 to 4 months. Stage 3 was
divided into 3a and 3b based on the ratio of fluid to fibrosis at 4 to 12 weeks after
treatment. 15 stage 3a eyes had greater SRF to subretinal fibrosis ratio. 64 eyes with
stage 3b leaked less actively on FA and had more prominent fibrosis with minimal
intraretinal fluid. Eyes with CMO on OCT and staining only of the CNV on FA
were defined as stage 4 and was identified in 11 eyes; this appearance was seen at
an average of 5 months following PDT. In 19 stage 5 eyes there was no SRF and the
retina showed fibrosis and atrophy. There are several limitations to this study, the
majority stemming from the retrospective nature of the data collection with no
standardised method of follow-up. The authors have not defined the OCT features
and due to the small numbers in each category (except 3b), the value of this
classification in the follow-up of patients is difficult to determine. For example,
only 2 patients demonstrated stage 1, leading to doubts about its existence. The data
is descriptive and the patterns described are not consistent at each time point, with a
wide variation in the time at which any of these stages can present. There has been
no attempt to identify the factors on OCT that may lead to reactivation of the lesion
or poor response to treatment. The data appears to be incomplete, while the authors
give the number of patients in stage 3, 4 and 5 who had undergone retreatment, a
table detailing the OCT changes in the different eyes following PDT would have
served to explain some of the inconsistencies. Their classification, though OCT
based, is still dependent on FA and does not change the management of patients

undergoing PDT.

67



2.6.7 Developments in optical coherence tomography imaging of the retina

Since OCT was introduced into ophthalmology a decade ago there have been

tremendous progress in the development of the technology.”’
Ultrahigh resolution OCT

Ultra-high resolution OCT (UHR OCT), developed using a broader bandwidth light
source and femtosecond titanium:sapphire light sources, achieves a claimed axial
resolution of 3 microns. It permits enhanced visualisation of the intraretinal layers
that could not be resolved with the standard OCT, including the ganglion cell layer,
inner and outer plexiform and nuclear layers, external limiting membrane and inner
and outer segments of the photoreceptor layer. The technology in its current state is
restricted by slow image acquisition speed (it takes 4 seconds to acquire a 6x2 mm

scan) and the high cost of the light source.
En-face OCT

This method combines high-resolution tomographic images with the surface
imaging capability of the scanning laser ophthalmoscope (SLO). Similar to the
standard resolution, conventional OCT, this system is built around a Michelson
interferometer, and uses a super luminescent diode (SLD) with a central wavelength
of 820nm and a spectral bandwidth of 20 nm. An important advantage of the
OCT/SLO system over the Stratus OCT is that the OCT C-scans allow for a quick
overview of the area involved in a particular retinal disease. In the field of AMD
imaging, it may help in the discrimination between the different types of PEDs, It
may also be useful as a reliable reference image to assist in overlay with other en-

face imaging techniques such as FA.
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Spectral domain OCT

Spectral domain OCT utilises the ‘Fourier or spectral detection’ technique by which
magnitude and echo time delay are measured by acquiring the Fourier
transformation of the interference spectrum of the light signal using a spectrometer,
without mechanically moving the position of the reference mirror. This dramatically
increases the scanning speed and imaging sensitivity. Compared to the standard
time-domain OCT, spectral OCT has a faster acquisition time (by approximately 50
times), superior sensitivity, a lower amount of energy directed into the eye (less
than 600 microwatt) and enables three dimensional mapping of tissue structures. It
appears to be the most promising recent development. Because of the greatly
increased scanning speed it is far less vulnerable to involuntary eye-movements, and
should prove beneficial in patients with neovascular AMD who have fixation
problems. Spectral OCT is now commercially available as SOCT Copernicus
(Optopol Technology Sp, Zawiercie, Poland), Cirrus HD-OCT (Carl Zeiss Meditec,
Dublin, CA, USA), RTVuel00 (Optovue, Fremont, CA, USA), Spectralis
(Heidelberg Technologies, Germany) and Topcon 3D OCT (3D OCT-1000, Tokyo,

Japan).
Molecular imaging with OCT

Functional changes precede morphological ones. Therefore, diagnostic modalities
that combine conventional imaging with quantitative visualisation of the involved
molecular processes may be of value. Molecular imaging (MI) aims to combine
molecular contrast agents with traditional imaging techniques. Two ways to image a
specific chemical or protein distribution within a sample with OCT are being
investigated.”® Attenuation based molecular-contrast OCT (MC-OCT) examines the

capability of OCT to quantitatively measure changes in the spectral attenuation

69



characteristics of tissue, localised and in time. Different types of dyes are being
studied and include near infra red dyes and contrast agents like methylene blue.
Their transition from one state to another causes a change in their absorption profile
that may be subtracted from OCT A-scans taken over time. The second approach
called coherent-emission based MC-OCT, which relies on intrinsic contrast agents
that can convert incident light into different emitting wavelengths. Which molecules
within retinal structures have sufficiently distinct contrast properties is still being

explored.
Adaptive optics

The transverse resolution of the OCT systems being introduced remains restricted to
15-20 microns. While major strides have been made in improving axial resolution
and image acquisition speed, less has been achieved in transverse image resolution.
Transverse resolution depends on the numerical aperture (NA) of the system optics
including the eye itself and the spot size on the retina. A smaller spot size on the
retina can be achieved by expanding the beam and the pupil diameter to enlarge the
effective NA of the eye. However, in pupil diameters over 2mm, image quality is
affected progressively by ocular aberrations induced by the cornea and to a lesser
extent the lens. These aberrations can be corrected through adaptive optics (AO) by
wavefront detection and modulation. Several groups are developing AO in
ophthalmic OCT imaging, but this technology is still in its infancy and its

application in clinical practice still needs to be established.

70



2.7 PHOTODYNAMIC THERAPY

The treatment of neovascular AMD has become an important challenge for patients,
ophthalmologists and health systems. Several treatment strategies have been
clinically approved following large scale clinical trials. Until a decade ago, the only
proven treatment for CNV was laser photocoagulation applicable only in a small
proportion of patients. With a greater understanding of the aetiology of AMD have
come therapeutic strategies that have moved beyond the limited approach of thermal
laser photocoagulation. Photodynamic therapy represented such a milestone in new
options and is discussed in detail here. I will also present a brief review of the past,

current and upcoming treatments for neovascular AMD therapy.
2.7.1 Introduction

The principle of chemical sensitisation of live tissues by light is known as
photodynamic therapy (PDT) and was first reported in 1900 by Raab.” PDT is a
two-step technique in which a light sensitive compound called a photosensitiser is
administered and subsequently activated by light exposure to produce
photochemical effects in the target area.!”’ Several substances, including rose
Bengal, methylene blue, eosin, tetracycline, chlorophylls, and porphyrins have been
used in vitro and in animal models for the study of mechanisms of photodynamic
injury and to develop an agent for PDT. A photosensitising drug (haematoporphyrin
derivative) that accumulates preferentially in rapidly dividing cells, particularly in
the proliferating neovascular tissue of tumours, has been used in combination with
low-energy nonthermal laser light to treat cancers of the liver, spleen, kidneys and
skin for a number of years. '°!* 12 Because PDT appears to cause vascular occlusion

by damaging tumour vascular endothelial cells, a potential use in other conditions
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with neovascularisation, including choroidal neovascularisation (CNV) was
suggested, 0104105 1y April 2000, following large scale, randomised clinical trials
the Food and Drug Administration (FDA) in the USA and the European Medicines
Agency (EMEA) approved PDT with verteporfin (Visudyne) for predominantly
classic CNV secondary to AMD to reduce the risk of vision loss in selected cases of

AMD with subfoveal predominantly classic CNV.
2.7.2 Verteporfin

Verteporfin (Visudyne®), a benzoporphyrin derivative monoacid ring A, is a
hydrophobic photosensitiser synthesized from protoporphyrin.'% It is activated by
low intensity nonthermal laser light at a wavelength of 689nm. In its excited state,
verteporfin is an efficient generator of singlet oxygen, which is believed to be

primarily responsible for cell death after PDT.!"’

In vitro studies suggest that verteporfin is selectively taken up by cells with high
levels of low density lipoprotein receptors (including neovascular endothelium) as a
result of its affinity for plasma lipoproteins.'® These receptors are expressed in

endothelial cells and their expression is increased in neovasculature.

For choroidal neovascularisation, verteporfin 6mg/m?is infused intravenously over
a 10-minute period, and 5 minutes later, the lesion is exposed to a 689nm light dose

of 50 J/cm? for 83 seconds.

Verteporfin therapy (photodynamic therapy with liposomal verteporfin) selectively
destroys areas of choroidal neovascularisation within the eye while sparing adjacent
normal vasculature.'® 1 Histopathological examination in verteporfin therapy
treated eyes in patients with subfoveal CNV secondary to AMD showed occlusion

of vessels by erythrocytes or thrombotic masses, damage to the neovascular
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endothelium including vacuolisation and fragmentation of neovascular endothelium
and disintegration of the endothelial cell layers, extravasation of erythrocytes and

mild damage to the RPE. !l 112, 113

Verteporfin is associated with transient skin photosensitivity that is dose dependent.
Maximum skin photosensitivity occurred 1.5 hours after administration of IV
verteporfin 12 mg/m? over 45 min in 8 healthy volunteers; the duration of
photosensitivity was dose-dependent (2 to 6.7 days with verteporfin 6-20

mg/m2)."*

2.7.3 Randomised controlled trials of PDT with verteporfin?!22 !15:11673.117

There have been 2 completed randomised controlled clinical trials (RCTs)
comparing verteporfin PDT with placebo. The realistic aim of PDT is to slow
progression of AMD not to produce normal vision. Outcomes are expressed as risk
of a poor outcome rather than as improvements in vision. With relevance to this
thesis, only the two completed and published RCTs will be reviewed- the Treatment
of Age-related macular degeneration with Photodynamic therapy (TAP) in 1999 and

Verteporfin in Photodynamic therapy (VIP) trail in 2001.
2.7.4 TAP Study

The objective of the TAP investigation was to determine whether verteporfin
therapy, compared with placebo, could reduce the risk of vision loss in eyes with
subfoveal CNV secondary to AMD. A total of 609 participants were randomly
assigned to verteporfin (402) or placebo (5% dextrose in water) (207). All patients
and treating ophthalmologists were masked to the treatment assignment, as were the
visual acuity examiners and photograph graders. The key eligibility criteria for

inclusion were a best corrected visual acuity (BCVA) of approximately 73 to 34
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letters (20/40 to 20/200; 6/12 to 6/60), subfoveal CNV secondary to AMD with
evidence of classic CNV, and a greatest linear dimension (GLD) of the entire lesion
on the retina of 5400 pm or less. The mean age was 75 years and the participants
were examined at 3 monthly intervals and either treated or not. The outcomes
measured at three monthly intervals were visual acuity, contrast sensitivity in the
study eye and side effects. The primary outcome was maintenance of vision, defined

as loss of less than 15 letters of BCVA.

Significantly more verteporfin therapy than placebo recipients lost <15 letters at 12
and 24 months (the primary efficacy outcome; p <0.001 at both time points)
Verteporfin therapy was also superior to placebo at 12 and 24 months for most
visual acuity secondary endpoints, including loss of <30 letters (p < 0.001 at both
time points) and the mean number of contrast sensitivity letters lost (p <0.001 at

both time points).

Subgroup analysis of the TAP Investigation indicated that therapy was of greater
benefit to patients with predominantly classic subfoveal CNV (area of classic
CNV=50% of the area of the entire lesion) compared with those with minimally
classic CNV (area of classic CNV >0% but <50% of the area of the entire lesion).
For patients with predominantly classic subfoveal CNV, more verteporfin therapy
(n=159) than placebo (n = 83) recipients lost <15 letters of BCVA and fewer had

reduced contrast sensitivity loss at 12 and 24 months (both p <0.001 vs placebo).

The efficacy of verteporfin PDT in patients with predominantly classic subfoveal
CNV was studied in relative risk reduction (RRR), absolute risk reduction (ARR)
and relative risk (RR) analyses.!'® Patients with predominantly classic subfoveal
CNV had an RRR of 39% and an ARR of 24% at 12 months; however, the 12

month RRR and ARR values were considerably higher in the subgroup of patients
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with predominantly classic subfoveal CNV with no occult component (68% and
50%). RR analysis evaluating the effect of verteporfin therapy or placebo on the
loss of >15 letters (3 lines) at 24 months showed that verteporfin therapy had greater
benefit than placebo in patients with classic-containing subfoveal CNV (RR 54%)),
particularly if there was no occult component to the CNV (RR 42%)). Conversely,

an RR of 99% at 12 months confirmed the lack of therapeutic benefit of verteporfin

PDT in patients with minimally classic lesions.

The beneficial effect of verteporfin PDT on BCVA was observed for up to 60
months in a subgroup of patients with predominantly classic subfoveal CNV
secondary to AMD who had received verteporfin therapy in the TAP Investigation
and continued to receive verteporfin therapy in the TAP Extension study.'!
Compared with baseline (24 months after commencing therapy), the number of
patients who had lost <15 letters had decreased minimally throughout 60 months’
treatment and mean change in BCVA was relatively stable. Between months 24 and
36, the distributions of BCVA scores changed minimally and mean acuity was

virtually unchanged (approximate Snellen equivalent 20/160+1 versus 20/ 160).

Since a single treatment with verteporfin therapy did not usually prevent recurrence
of subfoveal CNV in phase I/II trials. 3 monthly treatments were planned. On
average, patients in the TAP study treated with verteporfin or placebo respectively
required 3.4 and 3.7 treatments (out of a possible 4 treatments) in the first 12
months of the study, and 2.2 and 2.8 treatments between months 12 and 24. Data
from the TAP Extension study in 105 patients with predominantly classic CNV who
had received verteporfin therapy in the TAP Investigation indicate need for

treatment with verteporfin therapy continued to decrease; these patients required an
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average of 1.3 treatments at 36 months, reducing to an average of 0.5 treatments in

the 93 patients who completed the month 48 examination.
2.7.5 VIP Study

The VIP study comprised 339 patients (225 PDT, 114 placebo) mainly with occult
only neovascular AMD, whose initial BCVA was >50 letters (20/100 or 6/30). VIP
also included patients with mixed classic and occult if BCVA was >70 letters,
although the numbers in this category were small (39 of 225 and 22 of 114 in PDT
and placebo respectively). The VIP trial in patients with AMD (VIP-AMD trial)
demonstrated that verteporfin PDT had a treatment benefit for selected patients with
occult with no classic subfoveal CNV who had demonstrated recent progression
defined as the presence of haemorrhage, >10% increase in GLD and/or loss of 25

letters of BCVA.

In the VIP-AMD trial, fewer verteporfin PDT than placebo recipients lost <15
letters at 24-month (p < 0.05). In addition, at 24 months, the risk of severe loss of
BCVA (230 letters) was lower (p = 0.004) and fewer recipients had BCVA of
20/200 or worse (28% vs 45%; p = 0.009) with verteporfin therapy than with
placebo. Overall, patients receiving verteporfin PDT lost fewer letters than placebo
recipients at 24 months compared with baseline, with a shift in favour of PDT in the
frequency distribution of changes in BCVA(p = 0.006). Change in mean contrast
sensitivity letter scores from baseline also favoured patients treated with PDT at 24
months. Loss of contrast sensitivity letters did not differ between the two treatment
groups during the first 9 months of the study and was not reported in the 12 month

report; at 24 months, a smaller proportion of 161 verteporfin therapy recipients had
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lost >9 letters compared with the 90 placebo recipients (20% vs 34%; p = 0.01 vs

placebo).

The greatest therapeutic benefit of verteporfin therapy in patients who had occult
with no classic subfoveal CNV appeared to occur in a subgfoup with smaller
baseline lesion size (<4 MPS disc areas) regardless of BCVA, or with an initial

BCVA of 20/50—-1 or worse (irrespective of lesion size).'??
2.7.6 Effect of baseline lesion composition, size and visual acuity

Retrospective exploratory analyses'?' of data from TAP and VIP-AMD suggest that
baseline lesion size, lesion composition and baseline BCVA are important in
predicting the efficacy of PDT. At baseline, patients with predominantly classic
CNV had a smaller mean lesion area than those with minimally classic or occult
with no classic lesions (3.4 vs 4.7 and 4.3 MPS disc areas). Multiple linear
regression analysis that included all lesion types (predominantly or minimally
classic, or occult with no classic CNV) showed that baseline lesion size was a more
significant indicator of treatment benefit (smaller lesions demonstrated a greater
treatment effect; p = 0.01 vs larger lesions) than baseline lesion composition (p =
0.18) or visual acuity (p = 0.53). Analysis by lesion composition showed that the
interaction between treatment benefit and lesion size was significant in patients with
minimally classic and occult with no classic CNV (p = 0.03 for both lesion types),
but was not evident in patients with predominantly classic CNV. Nevertheless PDT
patients with a baseline lesion size of <4 MPS disc areas had a greater improvement
in BCVA at 24 months compared with placebo recipients, irrespective of lesion
composition (predominantly classic, minimally classic or occult with no classic
subfoveal CNV; all p < 0.05). Furthermore, PDT recipients with smaller lesions

retained greater BCVA than those with larger lesions at 24 months, irrespective of
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lesion composition. Conversely, baseline BCVA did not appear to be a significant

predictor of treatment efficacy for any lesion type in these analyses.

Table 2.5: Key results for the TAP and VIP studies at 9 years.

Outcome at 2 TAP VIP
years PDT Placebo | RR PDT Placebo | RR
N=402 | N=207 | (95% CI) N=225 | N=114 | (95% CI)

Loss of 15 or 47% 62.3% | 0.75(0.65- | 53.8% | 66.7% | 0.81

more letters 0.88) (0.68-
0.96)

Mean number of | 1.3 3.2 Not Not reported

contrast applicable

sensitivity letters

lost

The key results of the TAP and VIP trials indicate that PDT with verteporfin is
more effective than placebo in terms of the primary outcome (loss of <15 letters or
more of BCVA) and it is very unlikely that this is a chance finding. Though drug
company sponsored and run, both were high quality studies with a very similar
study design. They have a maximum Jadad score'? of 5 and allocation to these
studies was truly random and appears to be concealed. (Jadad score is a numerical
score between 0 & 5 assigned as a measure of the design and reporting quality of a
study with 0 being the weakest and 5 being the strongest.) For the two RCTs there is
consistency between the results, particularly on relative effects such as RR of the
primary outcome measure at two years. The subgroups were pre-specified in the
RCT protocol and statistical plan. Also the analysis adhered to the statistical

guidelines and the subgroup effect also has a strong biological plausibility.'*

However, there are a number of weaknesses. Both the RCT’s were pharmaceutical
industry funded and there have been no independent studies. There are also several
arguments for the subgroup effect being a chance finding. This effect needs to be

considered in light of the number of subgroups examined. There were 14 subgroups
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defined and it would be expected that one statistically significant interaction might
occur by chance alone. In the TAP study two were obtained. But the percentage of
classic and the presence of occult are interdependent. It was only after the TAP
study that predominantly classic as a subgroup was defined. If predominantly
classic is more aggressive and sight threatening and so more susceptible to PDT
treatment, a gradient of effect between 100% classic and 100% occult would be
expected. The TAP subgroup analysis suggests that occult has a similar effect size
as predominantly classic, with minimally classic having a worse outcome than both.
The VIP trial suggests a similar effect size in minimally classic as occult. Based on
their analysis, the Cochrane review committee and Meads et al have suggested that

the subgroup effect in the TAP trial was a chance finding.'?*
2.7.7 Our experience

Our centre reported on the clinical efficacy of verteporfin PDT in the treatment of
predominantly classic and classic/ no occult CNV in a NHS setting.'?* 170 eyes of
159 patients with subfoveal CNV of mixed aetiology (147 eyes with AMD) were
enrolled. At 12 months, 73% overall, 76% in AMD, 70% in classic/no occult, and
89% in predominantly classic, lost< 15 letters. The mean number of treatments in

the first year was 2.7 and fewer than reported in the literature.

A recently published paper reports on the visual outcomes observed in patients
treated with verteporfin PDT based on prospectively collected data for audit under
the UK PDT Users Group (PDTUG) national surveillance programme.'?® All
patients commencing a course of verteporfin PDT for CNV for any aetiology in 13
UK clinical treatment centres were followed prospectively within the PDTUG
surveillance programme. Between November 1999 and May 2004, data were

collected from 1894 eyes. 75.7% eyes had AMD. The results of AMD patients
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under the surveillance programme compared favourably with the TAP study; the
mean loss of 7.4 letters at 12 months compares favourably with a loss of 9.9 letters
in TAP (predominantly classic and classic/no occult groups). The advantage of this
study and surveillance programme is the large numbers and the ability to measure
the effectiveness of a new treatment in routine clinical practice. Data were available
at 12 months on 1010 (53.3%) and at 24 months on 310 (16.4%) eyes. The
proportion of eyes losing <15 letters was 71% (716/ 1010) at 12 months and 70%
(217/310) at 24 months. At 12 months 91% (917/1010) of patients lost <30 letters.
In the PDTUG surveillance programme the mean number of treatments for the
cohort was 2.4 in the first 12 months and over the 24 month follow-up at 3.4 was
less than the 5.6 in the treatment arm of the TAP study. This reduction in the
number of treatments has potentially favourable implications for the cost-

effectiveness of verteporfin therapy.

At the time of conducting this research the best researched treatment for
neovascular AMD was PDT. PDT montherapy was shown to slow progressive
vision loss in patients with subfoveal and relatively small lesion types. But the
therapy was shown to offer only a modest treatment benefit and improvement in

visual function was not achieved.

2.8 OTHER TREATMENTS

2.8.1 Laser Photocoagulation

The Macular Photocoagulation Study (MPS) was the first prospective, randomised,
multicentre clinical trial that looked at the treatment of exudative AMD. Three sets
of randomised, controlled clinical trials were set up to evaluate laser treatment of

symptomatic CNV: the Argon Macular Photocoagulation Study (1979-1988)
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studied extrafoveal CNV; the Krypton Macular Photocoagulation Study (1982—
1991) for juxtafoveal CNV; and the Foveal Photocoagulation Study (1986—1994)

for subfoveal (new or recurrent) CNV.

The MPS Group showed that laser photocoagulation reduced the risk of severe
vision loss (=6 lines of visual acuity loss) caused by neovascular AMD in eyes with
extrafoveal or juxtafoveal CNV compared with observation.'?” Laser
photocoagulation was recommended only for new, small (<3 MPS disc areas), or
recurrent (<6 MPS disc areas) subfoveal lesions with well-demarcated boundaries
and evidence of classic CNV, or for symptomatic extrafoveal or juxtafoveal lesions
with well-demarcated boundaries.'?® Only a small proportion of patients with
neovascular AMD are eligible for laser treatment because most lesions have poorly
demarcated boundaries, are too large, or have no classic CNV involving the fovea
on presentation. Many patients with subfoveal CNV experience an immediate and
irreversible loss of vision because of thermal damage to the overlying retinal tissue,
especially when presenting with a visual acuity better than 20/200.'%° In addition
there is a high (>50% within 2 years) chance that CNV will persist or recur to the

foveal centre following laser photocoagulation to a nonsubfoveal lesion.
2.8.2 Radiotherapy

Both plaque and external beam irradiation have been used in the treatment of CNV.
Low dose radiation selectively inhibits proliferating vascular endothelium in
experimental studies. In contrast, mature retinal vessels demonstrate a much lower
level of mitotic activity and are therefore relatively radioresistant up to 25 Gy. In
1993, Charkravarthy et al reported a case series of 19 patients with subfoveal AMD-
related CNV treated with external beam radiation. Patients received 10 or 15 Gy in

5 divided doses. At 1 year, angiography revealed regression of CNV in 77% of
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treated eyes compared with progressive enlargement of CNV in all 7 control eyes.
Visual acuity was maintained or improved in 63% of treated versus 14% of control
eyes."*® One of the largest studies to date, the Radiation Therapy for Age-related
Macular Degeneration (RAD) study, enrolled 205 patients in a prospective trial of
16 Gy versus sham treatment of AMD-related CNV of <6 MPS disc areas. No
treatment benefit as measured by change in visual acuity was found at 1 year."’! A
multicentre, prospective, randomised clinical trial Age-related Macular
Degeneration Radiation Trial (AMDRT) sponsored by the National Eye Institute
evaluated the use of 20 Gy external beam radiation in treatment of classic, mixed,
and occult subfoveal that were not eligible for laser photocoagulation by MPS

guidelines.'*

Among AMDRT patients, there was a trend toward a modest and
short-lived beneficial effect of radiotherapy compared to observation. At six months
follow-up, 26% of radiated and 50% of eyes not radiated demonstrated a loss of >3
visual acuity lines (p = 0.04). However, this early beneficial trend faded by 12
months follow-up, as 43% of radiated and 50% of observed eyes demonstrated loss

of >3 visual acuity lines (p = 0.61). Radiotherapy was associated with smaller lesion

size and far less fibrosis and scarring.
2.8.3 Transpupillary Thermotherapy (TTT)

TTT involves the use of a long-pulse, 810 nm near infrared diode laser irradiation
and relatively large spot size, low irradiance, and long exposure times with an
infrared laser to deliver hyperthermia to the choroid and retinal pigment epithelium,
theoretically causing a targeted choroidal neovascular lesion to involute.'* The
potential benefit of TTT for the treatment of subfoveal CNV has been suggested by
preliminary, retrospective, open-label, uncontrolled, noncomparative case studies.

Newsom et al treated 44 eyes (12 predominantly classic CNV; 32 predominantly
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occult CNV) with TTT. 77% of the membranes were closed at 6 months and only
7.1% developed recurrence.'** Reichel et al found that 75% of eyes in a study of
occult CNV treated with TTT had stabilisation of vision and resolution of the

membrane at 13 months. *°

The TTT4CNV Clinical Trial was a multi-centre, prospective, double-masked,
placebo controlled clinical trial conducted at 22 centres in the United States. The
trial was designed to look at eyes with wet AMD and randomised eyes with small
(less than or equal to 3 mm diameter) subfoveal occult membranes and symptomatic
vision (ETDRS visual acuity between 20/50 and 20/400). An intent-to-treat
evaluation of the primary visual outcome data in 303 enrolled patients showed that
TTT, as applied in this trial, did not result in a significant vision benefit.!*® The
results showed that in a subgroup of patients with baseline visual acuity of 20/100
or worse, 22% of treated eyes improved vision by one or more lines compared with
none of the eyes in the untreated control group. At 18 months, there was a 2 line
benefit in preserving vision in this subgroup. Specifically, TTT treated eyes on
average lost 2 lines of visual acuity while control eyes lost 4 lines. Caution has to be
exercised when interpreting these data because most of the patients included had
very poor visual acuity at baseline. This could increase the probability of stable
vision even in the absence of treatment in these patients. In practice, TTT had the
advantage of being inexpensive and one of the few treatments available for occult
CNV. But, it is not without complications, with significant post-treatment
haemorrhage, RPE tears, progression of occult to classic membranes and macular

infarction having been reported.
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2.8.4 Anti-angiogenic Therapy

Expression of vascular endothelial growth factor (VEGF) and VEGF receptors have
been demonstrated histopathologically in choroidal neovascular lesions that have
been excised from surgical patients and also from autopsy eyes. Since the
completion of this research, a number of anti-angiogenic treatment options have
become available for neovascular AMD. Therapies aimed at the angiogenic
processes underlying CNV possess the unique advantage of addressing the most
destructive feature of AMD. At present the available treatments include steroids and

anti-VEGF agents.
Intravitreal Triamcinolone

Steroids are potent anti-inflammatory agents. Several papers have reported
increases in visual acuity or decreased rates of severe visual loss in patients with
AMD-related CNV after intravitreal triamcinolone injection, 137 138139 However, a
large, randomised clinical trial of a single intravitreal triamcinolone injection as
treatment of neovascular AMD documented no difference in severe visual loss
(loss of 230 ETDRS letters) between treated and placebo groups at 12 months.'*°
The adverse effects associated with intravitreal steroids may also limit their use in
some patients. Gillies et al reported significantly higher rates of cataract and
increased intraocular pressure (IOP) necessitating topical glaucoma therapy in
patients treated with intravitreal triamcinolone versus placebo groups (24% vs. 0%
and 28% vs. 1.3%, respectively). Several studies have documented both infectious

and noninfectious cases of endophthalmitis after triamcinolone injection as well.
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Anecortave acetate

Anecortave acetate is a steroid derivative with little to no glucocorticoid or
mineralocorticoid effect. It inhibi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>