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FOREWORD 

 
EVALUATION OF PHOTODYNAMIC THERAPY FOR THE TREATMENT  

OF EXUDATIVE AGE-RELATED MACULAR DEGENERATION WITH  
SUBFOVEAL NEOVASCULARIZATION  

 
In Western countries, age-related macular degeneration (ARMD) is the leading cause of blindness in 
people over the age of 55. This disease is characterized mainly by degenerative changes in the 
macular region of the retina that result in a gradual decrease in central vision. In Québec, it is 
estimated that about 37,200 people are affected, hence the need for effective therapeutic modalities to 
treat the disease. 
 
It was in this context that ophthalmologists in the New Technologies Axis of the Vision Network, 
which is sponsored by the Fonds de la recherche en santé du Québec (FRSQ), asked the Agence 
d'évaluation des technologies et des modes d'intervention en santé (AETMIS) to assess the efficacy 
of photodynamic therapy for the treatment of ARMD. There was also the need to examine the costs 
associated with this therapeutic modality in Québec and to look at the organization of the care and 
services involved. 
 
AETMIS's assessment is based on a rigorous examination of the existing scientific data. According to 
this assessment, the efficacy of photodynamic therapy with verteporfin photosensitizer is well 
established for two forms of ARMD: 1) exudative subfoveal ARMD with predominantly classic 
neovascularization, and 2) exudative subfoveal ARMD with pure occult neovascularization. 
AETMIS also concludes that, given the potentially rapid progression of neovascular ARMD, its early 
detection could help reduce severe, irreversible vision loss and consequently major expenses, by the 
public system, for managing this disease and its sequelae. 
 
The report proposes several options for detecting the disease earlier. The optimal implementation of 
this technology will, however, require major changes to the organization of the care and services in 
the area of ocular health. Lastly, AETMIS presents various recommendations that urge ministerial 
and professional authorities to recognize ARMD as a major public health problem and to encourage 
initiatives for the population-based management of ARMD in the broader context of managing 
preventable blindness. 
 
In submitting this report, AETMIS wishes to provide the best possible information to the 
policymakers in Québec's health-care system to assist them in taking action on this important 
problem. 
 
Dr. Luc Deschênes 
Chairman and Chief Executive Officer 
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1 SUMMARY 

 
PROBLEM AND OBJECTIVES 

Over the past few decades, most industrialized 
countries have experienced an increase in their 
elderly populations. This inversion of the age 
pyramid is leading to an increased incidence 
of many diseases, including age-related 
macular degeneration (ARMD). ARMD is 
characterized by degenerative lesions in the 
macular region of the retina resulting in a 
gradual decrease in vision that can lead to a 
loss of central vision. In fact, this disease is 
the leading cause of blindness in Western 
countries. Its prevalence is approximately 
0.2% in people aged 55 to 64 and climbs to 
more than 13% in the over-85 population. 
Based on epidemiological data, the number of 
affected individuals in Québec can be 
estimated at approximately 37,200. 

ARMD has been divided into three histopa-
thologic forms: an early form, also known  
as age-related maculopathy (ARM) or pre-
ARMD (it should be noted that the early form 
is not included in the prevalence and inci-
dence data provided in this report), and two 
advanced or progressive forms, called atro-
phic and neovascular (or exudative) forms. At 
the present time, only the neovascular form is 
treatable. It accounts for about 47% of the 
cases of advanced ARMD, which, in Quebec, 
number close to 16,000. This disease therefore 
generates significant social costs, hence the 
need for effective therapeutic modalities to 
treat it. 

It was in this context that ophthalmologists 
representing the New Technologies Axis of 
the Vision Network, which is sponsored by 
the Fonds de la recherche en santé du Québec 
(FRSQ), asked the Agence d'évaluation des 
technologies et des modes d'intervention en 
santé (AETMIS) to assess the efficacy of 
photodynamic therapy (PDT) with verteporfin 
photosensitizer for the treatment of ARMD. 
This report also looks at the costs associated 
with this therapeutic modality and examines, 

on an exploratory basis, the organization of 
the care and services involved.  
 
RESEARCH METHODOLOGY 

A literature search was conducted in the Pub-
Med, Current Content Search and Cochrane 
Library databases by combining the terms 
macular degeneration, photodynamic therapy 
and verteporfin (Visudyne®); Amsler grid; an-
tioxidant; vitamin; risk factors; side effects and 
fluorescein angiography for the period from 
1975 to June 2004. We also used reports from 
several health technology assessment agencies 
that have examined PDT, abstracts of papers 
presented at international scientific confer-
ences, a number of Web sites, and interviews 
with experts in ophthalmology and visual 
rehabilitation. 

The decision tree for the economic analysis 
was designed for the purpose of predicting the 
costs and effects of PDT in individuals with 
ARMD. The population selected for this 
Markov-type model includes all Quebecers 
who were over the age of 55 in 2001 
(1,730,000). The incidence data for the 
disease are applied to this cohort. Two options 
are compared in the model: a treatment option 
and a no-treatment option. To include all the 
possible treatment scenarios, the time horizon 
in this model was set at eight years, and the 
outcomes used are the loss and non-loss of 
three lines of vision. It will be noted that 
visual rehabilitation costs are included in both 
options on the basis of the patient's visual 
acuity. 

The exploratory study of the organization of 
the care and services provided to ARMD pa-
tients was conducted in the summer 2002 
using a qualitative approach based on semi-
structured telephone interviews with eye 
specialists at all of the university and com-
munity hospitals and at certain private clinics 
in Québec that offer PDT, and with reception-
ists and nurses who work at these facilities. 
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PHOTODYNAMIC THERAPY  

Photodynamic therapy involves irradiating, 
with low-intensity light, a tissue that has been 
subjected to a photosensitizer. At present, the 
only photosensitizer approved for the treat-
ment of ARMD is verteporfin (Visudyne®). 
Generally, photosensitizers cause cytotoxic 
damage only when activated by an appropriate 
light source, and the damage is limited to a 
relatively precise area. Verteporfin also offers 
the advantage of rapid hepatic elimination, 
which limits the duration of visual or cuta-
neous photosensitization. Verteporfin is espe-
cially effective in ophthalmology, since it is 
light-activated by a mono-chromatically red 
diode laser that easily penetrates blood and fi-
brous tissues. It can therefore act on choroidal 
neovasculature and ultimately cause its 
destruction.  
 
EFFICACY OF PHOTODYNAMIC 
THERAPY 

The examination of the clinical efficacy of 
PDT with verteporfin photosensitizer is based 
on the results of two randomized, double-
blind, multicentre clinical studies: the TAP 
study (Treatment of Age-related Macular 
Degeneration with Photodynamic Therapy) 
and the VIP study (Visudyne in Photodynamic 
Therapy). Overall, the clinical protocols in 
these two studies were very rigorous, and the 
results for the main outcome measures were 
significant. The TAP and VIP studies showed 
that PDT can effectively slow the progression 
of two forms of ARMD:  
1) Subfoveal neovascular ARMD with more 

than 50% classic neovascularization, and 
2) Subfoveal neovascular ARMD with pure 

occult neovascularization.  
 
The efficacy of PDT has been demonstrated 
for these two forms of ARMD when the 
patient's visual acuity is at least 6/60 in the 
eye to be treated. 

Overall, PDT reduces moderate to severe loss 
of visual acuity in individuals with these two 
forms of ARMD. It also reduces the number 
of individuals who become legally blind 
(visual acuity less than 6/60) after two years. 
 
For patients with minimally classic ARMD  
(<  50% classic neovascularization), we can-
not, from the existing studies, draw any con-
clusions regarding the efficacy of PDT. 
 
No study has compared photodynamic therapy 
with other therapeutic modalities for treating 
subfoveal neovascular ARMD, since the other 
modalities (with the exception of laser photo-
coagulation) are still in the clinical trial stage. 
Laser photocoagulation is, however, effective 
in treating patients with extrafoveal and juxta-
foveal neovascular ARMD, but this technique 
cannot be used for subfoveal neovascular 
ARMD because the laser destroys the retina 
immediately adjacent to the target area, which 
would cause a loss of central visual acuity. 
 
PREVENTION OF ARMD 

The AREDS study (Age-Related Eye Disease 
Study Research Group) examined the effect of 
the daily use of dietary antioxidant (vitamins 
C and E and beta-carotene) and zinc supple-
ments by individuals with ARMD. The results 
of this randomized, double-blind, multicentre 
study showed that the recommended supple-
ments can be effective in preventing the onset 
or progression of the disease in patients at risk 
for a progressive form of ARMD (patients 
with age-related maculopathy [ARM] with 
large drusen or with unilateral neovascular 
ARMD). However, there is no evidence to 
support the use of these supplements when the 
disease has not been detected in at least one 
eye. Furthermore, under no circumstances 
should patients take them without first having 
consulted a physician, since considerable  
side effects can occur in certain types of 
individuals. 
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RESULTS OF THE ECONOMIC 
ANALYSIS 

In the economic analysis, we basically com-
pare the PDT treatment option with the no-
treatment option by calculating the total cost 
of the services involved in diagnosing, treat-
ing, following and managing poor eyesight 
and blindness, and the utility associated with 
the loss or non-loss of visual acuity. The re-
sults of this analysis are favourable with re-
gard to the use of photodynamic therapy in 
exudative ARMD with predominantly classic 
or pure occult neovascularization. An estimate 
of the incremental cost-utility ratio per QALY 
(quality-adjusted life-year), calculated on the 
basis of an 8-year time horizon, yields the 
following figures: 
 For patients with classic neovasculariza-

tion: $33,880; 

 For patients with classic neovasculariza-
tion and those with pure occult neovascu-
larization: $43,253. 

The net annual budget impact is approxi-
mately $17.3 million if all the prevalent and 
incident cases are taken into account, but only 
$300,000 if only the incident cases are consid-
ered (1,261 patients eligible for treatment over 
a 2-year period). 

Given the potentially rapid progression of 
neovascular ARMD, its early detection could 
considerably lower the risk of severe, irre-
versible vision loss and thus avoid consider-
able expenses to the public system by reduc-
ing the costs associated with the rehabilitation 
and treatment of the other problems associated 
with vision loss (depression, falls, etc.). This 
improvement has repercussions on the cost-
utility ratios. Thus: 
 For patients with ARMD with 50% classic 

neovascularization, the cost-utility ratio 
decreases from $33,880 to $20,701 per 
QALY; 

 For patients with 50% classic neovascu-
larization and those with pure occult ne-
ovascularization, the cost-utility ratio de-
creases from $43,253 to $22,813. 

ACCESS TO OPHTHALMOLOGIC 
SERVICES  

Different sources of information, including an 
exploratory study on the organization of the 
care and services relating to photodynamic 
therapy (PDT), yielded several observations 
on this important issue: 
 ARMD patients cannot always access pho-

todynamic therapy within a reasonable 
amount of time. 

 Problems accessing eye specialists (oph-
thalmologists and retinologists) and fluo-
rescein angiography lengthen the waiting 
time for obtaining a first treatment with 
PDT. 

 The amount of time between the onset of 
macular degeneration and when the indi-
vidual notices it can also be very long, 
which can contribute to a greater deteriora-
tion in vision. 

 Also, in 2003, for budgetary reasons, some 
hospital patients who were receiving this 
treatment were transferred to the private 
sector. Since these patients have to assume 
a considerable portion of the cost of the 
drugs, access to photodynamic therapy is 
becoming even more limited. 

 
CONCLUSION 

From the evidence accumulated on photody-
namic therapy with verteporfin photosensi-
tizer we can conclude that this technology is 
effective in slowing the progression of subfo-
veal neovascular ARMD with predominantly 
classic neovascularization or pure occult neo-
vascularization. Further-more, the estimated 
budget impact for a Québec cohort is accept-
able if the improvement in quality of life is 
taken into account. However, a major reor-
ganization of services and ocular health care 
should be considered in the near future to 
permit the optimal implementation of this 
technology, to reduce waiting times for this 
treatment and to deal with the demand that 
will be increasing in the coming years. 
Furthermore, measures aimed at promoting 
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the early detection of ARMD in the popula-
tion, both at the individual and primary-care 
levels, could reduce the risk of severe, irre-
versible vision loss and thus reduce the social 
costs of this disease. 
 
RECOMMENDATIONS  

AETMIS recommends that: 

1) Photodynamic therapy be considered a 
technology that can effectively slow the 
progression of certain forms of ARMD; 

2) ARMD be recognized by the policymakers 
in Québec's health-care system as an im-
portant public health problem; 

3) Québec-based initiatives for the popula-
tion-based management of ARMD be part 
of a broader effort to manage preventable 
blindness; 

4) The planning and implementation, in the 
wake of this report, of the next few steps in 
the broader context of managing prevent-
able blindness be facilitated by the creation 
of a task force charged with proposing a 
concrete plan to the Ministère de la Santé 
et des Services sociaux; 

5) The Vision Network/FRSQ consider the 
possibility of giving priority to the carrying 
out of studies evaluating the validity of the 
Amsler grid or other detection tools in the 
context of ARMD screening; 

6) The Vision Network/FRSQ undertake 
more-thorough studies to determine, with 
the necessary rigour, the needs relating to 
the organization of the care and services 
pertaining to ARMD and preventable 
blindness in Québec. 
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2 LIST OF ABBREVIATIONS 

 
AETMIS Agence d’évaluation des technologies et des modes d’intervention en santé 

AHQ Association des hôpitaux du Québec 

AI Adequate intake 

ARM Age-related maculopathy 

ARMD Age-related macular degeneration 

ANAES Agence nationale d’accréditation et d’évaluation en santé (France) 

AQDM Association québécoise de la dégénérescence maculaire 

AREDS Age-Related Eye Disease Study Research Group 

ARVO Association for Research in Vision and Ophthalmology 

ATBC Alpha-Tocopherol, Beta-Carotene Cancer 

bFGF Basic fibroblast growth factor 

CARET Beta-Carotene and Retinol Efficacy Trial 

CCOHTA Canadian Coordinating Office for Health Technology Assessment 

CI Confidence interval 

CNV Choroidal neovascularization/choroidal neovasculature 

CS Contrast sensitivity 

DHA Dehydroascorbic acid 

DRI Dietary reference intake 

EAR Estimated average requirement 

ETDRS Early Treatment Diabetic Retinopathy Study 

FNB Food and Nutrition Board 

FRSQ Fonds de la recherche en santé du Québec 

HSP Heat shock proteins 

ICD-9 International Classification of Diseases (9th edition) 

IHCMG Illuminated high-contrast macular grid 

INAHTA International Network of Agencies for Health Technology Assessment  

IPE Iridial pigment epithelium 

IU International unit 

JAT Japanese ARMD Trial 

LC Low contrast 

MAR Minimum angle resolution 



 x 

MPS Macular Photocoagulation Study 

MSAC Medical Services Advisory Committee 

MSSS Ministère de la Santé et des Services sociaux  

NEI National Eye Institute (United States) 

NICE National Institute for Clinical Excellence (United Kingdom) 

PDT Photodynamic therapy 

QALY Quality-adjusted life-year 

RAE Retinol activity equivalent  

RAMQ Régie de l’assurance maladie du Québec 

RDA Recommended dietary allowance 

RPE Retinal pigment epithelium 

SDREQ Standard deviation of requirements 

SLO Scanning laser ophthalmoscope 

SMM Norwegian Centre for Health Technology Assessment 

SST Submacular Surgery Trial 

TAP Treatment of Age-related Macular Degeneration with Photodynamic Therapy 

TTT Transpupillary thermotherapy 

UL Tolerable upper intake level 

VA Visual acuity 

VEGF Vascular endothelial growth factor  

VIO Visudyne in Occult 

VIP Visudyne in Photodynamic Therapy 

VIT Verteporfin in Italy 

WHO World Health Organization 
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3 GLOSSARY 

Atrophy 
A decrease in the weight or size of an organ, tissue or cell. It may be physiological or pathological 
(hereditary, congenital or degenerative). 

 
Contrast sensitivity 

The ability to detect changes in lighting between two areas or to discriminate between an object and 
its background under varying degrees of lighting. 

 
Drusen 

Small, yellowish-white formations of acellular debris located either on the optic disc (in which they 
appear to be embedded and are accompanied by papilledema) or on Bruch's membrane (where they 
are clustered in the macular region). 

 
Exudate 

A serous or albuminous body fluid of inflammatory origin formed when serum passes through the 
vascular walls in the adjacent tissues. 

 
Fibroblast 

The stationary cell of connective tissue. It is very elongated or star-shaped and plays a role in the 
formation of collagen, reticulin and elastic fibers. 

 
Fluorescein angiography 

The photographing of vessels after the intra-arterial or intravenous injection of fluorescein. 
 
Fovea 

The part of the retina located at the centre of the macula. It consists solely of cones. 
 
Macula 

The posterior part of the retina, being a yellowish, horizontally oriented oval spot (2 mm wide and 
1.5 mm high). At its centre is a funnel-shaped depression, the very centre of which is the fovea. 

 
Photosensitizer 

A compound capable of storing light energy, of being activated by light energy and of thus lending 
itself to numerous biochemical combinations. 

 
Scotoma 

A gap or blind spot in the visual field due to the presence of insensitive points on the retina. 
 
Verteporfin 

A monoacid benzoporphyrin derivative that is activated at a wavelength of approximately 690 nm. 
This compound can act as a photosensitizer. 
 

Visual acuity 
The discriminating power of the eye. Visual acuity can be defined as the minimum angle (or size) 
that a letter or form projected at a given distance from the eye must have for two separate  
black points, lines or spaces that make up the letter or form, to be discriminated by the retinal  
photoreceptors. 
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1 PROBLEM 

 
Age-related macular degeneration (ARMD) is 
a degenerative change in the retina that mainly 
affects people over the age of 55. It is the 
leading cause of poor vision in Western coun-
tries and leads to a gradual decrease in eye-
sight that can result in a loss of central vision. 
Affected individuals do not become totally 
blind, but they do lose all of the visual field 
needed to perform tasks requiring fine detail 
perception. Thus, they usually maintain a cer-
tain degree of autonomy and can move about, 
but they are unable to read, watch television 
or drive a car. 
 
It is estimated that a half-million new cases of 
the most severe form of ARMD (neovascular) 
are diagnosed worldwide each year [Brown 
and Mellish, 2001]. With the aging of the 

population, this figure could triple within  
25 years and thus generate significant social 
costs [Bressler, 2004; Sharma, 2001]. Until 
quite recently, there was no treatment for ef-
fectively slowing the progression of the dis-
ease. Over the past few years, however, sev-
eral new therapeutic options for controlling 
neovascular ARMD have been tested. Photo-
dynamic therapy with verteporfin photosensi-
tizer is a technique used to slow the progres-
sion of the disease and the subsequent loss of 
vision. The main studies on this subject have 
shown that this technology is especially suited 
for patients with the exudative form of the 
disease with predominantly classic neovascu-
larization or with occult neovascularization 
with no classic component [Bressler, 2001; 
VIP Study Group, 2001]. 
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2 OBJECTIVES 

 
The ophthalmologists representing the New 
Technologies Axis of the Vision Network, 
which is sponsored by the Fonds de la recher-
che en santé du Québec (FRSQ), asked the 
Agence d'évaluation des technologies et des 
modes d'intervention en santé (AETMIS) to 
examine the efficacy of photodynamic therapy 
for the treatment of ARMD. There was an-
other aspect to this request, namely, informing 
optometrists, general practitioners and patients 
of the importance of diagnosing the disease as 
early as possible in order to treat it, if possi-
ble, and to thus avoid a substantial loss of vis-
ual acuity. 

There are two main objectives to this report. 
One is to describe the pathophysiology and 
symptoms of and the treatments for age-
related macular degeneration. The other is to 
assess the efficacy, acceptability and safety of 
photodynamic therapy with verteporfin photo-
sensitizer and to examine the costs involved. 
The report will also look at the organization of 
the care and services relating to this therapeu-
tic modality, although it is, in this case, only a 
preliminary examination, with its inherent 
limitations. 
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3 SEARCH METHOD 

 
We examined the scientific literature on 
ARMD (macular degeneration, ARMD), 
photodynamic therapy (photodynamic ther-
apy) and verteporfin (Visudyne®) (verteporfin 
OR Visudyne) published between January 
19931 and June 2004 and indexed in the Pub-
Med, Current Content Search and Cochrane 
Library databases. We also included abstracts 
of papers given at international conferences: 
ARVO (Association for Research in Vision 
and Ophthalmology) 2000, 2001 and 2002, 
and SOE (Société ophtalmologique eu-
ropéenne) 2001. We also documented certain 
aspects, by using the following keywords: 
grid AND Amsler; antioxidant; vitamins; and 
side effects AND fluorescein. We conducted 
these more-pointed searches for the period 
from 1975 to 2003. 
 
We searched the International Network of 
Agencies for Health Technology Assessment 
(INAHTA) database and examined the agency 
reports on photodynamic therapy and ARMD 
thus identified: CCOHTA (Canadian Coordi-
nating Office for Health Technology Assess-
ment), SMM (Norwegian Centre for Health 
Technology Assessment), ANAES (Agence 
nationale d'accréditation et d'évaluation en 
santé), MSAC (Medical Services Advisory 
Committee) and NICE (National Institute for 
Clinical Excellence). 
 

                                                      
1. We chose 1993 as the starting point because this was the year 
when research on photodynamic therapy began. 

We also consulted several Web sites: Novar-
tis, Visudyne® (Novartis Ophthalmics, Cana-
da), the National Eye Institute (NEI), the  
Régie de l'assurance maladie du Québec 
(RAMQ), the Fondation des aveugles du 
Québec, and the Association québécoise de la 
dégénérescence maculaire (AQDM). Lastly, 
we conducted semistructured interviews with 
experts in the field of ophthalmology and vis-
ual rehabilitation (Institut Nazareth et Louis-
Braille). 
 
For the exploratory study of the organization 
of the care and services provided to ARMD 
patients, we used a qualitative approach based 
on semistructured telephone interviews with 
retinologists (n = 7) and ophthalmologists 
(n = 3) at all the university and community 
hospitals and private clinics in Québec that of-
fer photodynamic therapy2 and with the recep-
tionists and nurses (n = 10) who work at these 
facilities. These practice locations are in vari-
ous Québec's administrative regions. The in-
terview guide contained a series of questions 
aimed at learning more about the practice, 
waiting times and the typical medical itinerary 
of a patient who thinks he/she has an eye 
problem. All the answers were recorded in 
writing and subsequently tabulated. This ex-
ploratory study took place in the summer of 
2002. 

                                                      
2. According to the data provided in June 2002 by the 
pharmaceutical company Norvartis Ophthalmics Canada, the 
manufacturer of verteporfin. 
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4 MACULAR DEGENERATION 

 
4.1 THE RETINA, MACULA AND 
FOVEA 
 
The retina is the tissue that lines the inner wall 
of the eye (Figure 1). Actually, it is an ex-
tremely complex structure consisting of about 
nine layers of cells, including a layer of 
highly-organized photoreceptor cells (cones 
and rods) within and around which are several 
other types of cells [Hogan et al., 1971]. It is 
in this photosensitive tissue that light signals 
are converted to nerve signals. They are sub-
sequently transmitted to the brain via the optic 
nerve, where they are converted to visual im-
ages [Hogan et al., 1971]. 

In the centre of the retina is a circular area 
about 5 to 6 mm in diameter called the macula 
(yellow spot). The macula is responsible for 
central vision and has a high concentration of 
photoreceptor cells. Central vision is essential 
for performing most of our daily activities, 
such as reading and driving and for distin-
guishing facial features. However, although 
the macula is responsible for central vision, 
the perception of subtle, fine detail is depend-
ent on a tiny area within the macular region 
called the fovea [Fine and Yanoff, 1979] 
(Figure 2). 

 
 
 
FIGURE 1 

 
Schematic representation of a longitudinal section of the eye 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reproduced with permission of the National Eye Institute. 
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  FIGURE 2 

 
Photograph of a normal optic fundus 
 

 
 
Reproduced with permission of the National Eye Institute. 
 
When light rays enter the eye, they first go 
through the transparent structures, including 
the cornea, crystalline lens and vitreous body. 
Subsequently, the rays converge on the fovea. 
This small area lying within the vascular ar-
cades is distinct from the rest of the retina in 
that it consists solely of cones. These photore-
ceptor cells become activated in full light and 
provide very precise detail and colour vision 
[Fine and Yanoff, 1979; Hogan et al., 1971]. 
It is for this reason that the images of the ob-
jects we observe form on the fovea and that it 
is the only area of the retina capable of pro-
viding visual acuity (VA) of 6/63. 

The rest of the retina, including that portion of 
the macula outside the fovea, has, in addition 
to cones, another type of photoreceptor cell 
called a rod. Rods are at the basis of periph-
eral and twilight vision. They are more sensi-

                                                      
3. Visual acuity of 6/6 is the standard for good vision in the 
general population. For example, visual acuity of 6/12 is 
weaker vision that requires the individual to be at 6 metres in 
order to see what someone with good vision can see at 12 
metres. This chart can also be expressed in feet, as is usually 
done in the American literature. Six metres equals 20 feet; 6/6 
is therefore 20/20. 

tive to light than cones but only provide 
blurred and colorless images. The concentra-
tion of rods is stable, whereas the concentra-
tion of cones decreases as the distance from 
the macula increases [Hogan et al., 1971]. 
 
The pathophysiology of ARMD is complex, 
and several types of cells located outside the 
retina seem to play an important role in the 
occurrence of the disease (Figure 3). The pho-
toreceptors (cones and rods) are surrounded 
by extensions of the cells of the retinal pig-
ment epithelium (RPE), which nourishes them 
and keeps them in place. Under the layer of 
retinal pigment epithelial cells is an elastic, 
acellular collagen membrane called Bruch's 
membrane. This membrane serves as a diffu-
sion barrier between RPE cells and the chor-
oid, a highly vascularized tissue. The photore-
ceptors and RPE cells are continually supplied 
in oxygen and nutrients through the choroid. 
The innermost layer of this tissue (the layer 
closest to Bruch's membrane), called the 
choriocapillaris, consists of numerous highly 
interlaced capillaries. Although several re-
gions of the retina are supplied by blood 

 

Macula 
Fovea 
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sources other than the choroid, the macula re-
ceives its nutrients only from the choriocapil-
laris layer. This tissular organization is one of 
the key elements of the pathophysiology of 
ARMD [Bressler et al., 2000]. 
 
4.2 DESCRIPTION OF THE 
FORMS OF AGE-RELATED 
MACULAR DEGENERATION (ARMD) 

There are several clinical forms of age-related 
macular degeneration, ranging from the sim-
ple presence of drusen (yellowish, acellular 
debris) to atrophic plaques and more severe 
forms with neovascular membranes and their 
exudative and hemorrhagic complications. 
Since the cause of ARMD is not really known 
and its pathophysiology poorly understood, its 
definition encompasses all degenerative le-
sions of the macular region. These lesions ap-
pear on a previously normal eye after the age 
of 55 and cause a change in macular function 
and central vision [Bird et al., 1995]. 

ARMD has been divided into three histopa-
thologic forms: an early form (also called age-
related maculopathy (ARM) or pre-ARMD) 
and two advanced or progressive forms, called 
atrophic and neovascular forms [Bird et al., 
1995]. 

In the scientific literature that was examined, 
many experts indicate that atrophic ARMD 
accounts for 80 to 90% of all new cases of 
ARMD (Figure 4). However, it is important to 
note that these authors thus include, in addi-
tion to the cases of atrophic ARMD (20 to 
30%), the cases of ARM (60%). The neovas-
cular form (also referred to as exudative or 
wet ARMD) reportedly accounts for 10 to 
20% of the new cases of ARMD. However, 
according to the internationally accepted clas-
sification of the forms of ARMD (early form 
and advanced forms) [Fine et al., 2000; Bird 
et al., 1995], if the cases of ARM are ex-
cluded, the number of new cases of atrophic 
ARMD and that of new cases of neovascular 
ARMD are roughly the same, being 53% and 
47%, respectively [Margherio et al., 2000].  
 

 
  FIGURE 3 

 
Anatomy of the retina and the posterior part of the eye 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reproduced with permission of the National Eye Institute. 
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   FIGURE 4 
 

Classification of the different forms of ARMD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.2.1 The early form 
Age-related maculopathy (ARM) is an early 
form of ARMD. This stage of the disease is 
characterized by the presence of relatively 
small drusen, submacular pigment abnormali-
ties and a few focal atrophic areas. At this 
stage of the disease, the loss of visual acuity is 
generally very small, and the symptoms are 
limited to visual difficulty or a need for 
brighter lighting. Ophthalmologic examina-
tions performed in most people over the age 
of 50 reveal the presence of a least one druse 
(≤  63 µm) in one or both eyes [Klein et al., 
1997]. However, according to several studies, 
the advanced forms of ARMD could develop 
only in individuals with numerous large 
drusen (>  63 µm). [Mukesh et al., 2004; van 
Leeuwen et al., 2003b; Wang et al., 2003; 
AREDS Study Group, 2001; Fine et al., 2000; 
Klein et al., 1997]. 
 
4.2.2 The advanced or progressive 
forms  
4.2.2.1 THE ATROPHIC FORM 
As acellular debris accumulates under the 
macula, the layers of photoreceptors and pig-
ment epithelial cells rise and move away from 
the choriocapillaris. Atrophic ARMD is charac-
terized by the gradual deterioration of photore-

ceptors, RPE cells and the choriocapillaris layer 
in the macular region (Figure 5). These pigmen-
tal and atrophic changes form small areas in 
the macula that tend to increase in size, lead-
ing to what is referred to as geographic atro-
phy, and to then coalesce to form a round cen-
tral lesion known as areolar atrophy [Ambati 
et al., 2003; Fine et al., 2000].  
 
The loss of several layers of photoreceptors 
results in scotomas (blind spots) in the visual 
field. Visual changes due to this type of macu-
lar degeneration occur slowly and gradually. 
The attendant vision loss is generally partial 
and transpires over a number of years (it takes 
5 to 10 years before the point of legal blind-
ness is reached). However, a few studies seem 
to indicate that patients with atrophic degen-
eration can maintain relatively good central 
vision (6/12 or better), but that they experi-
ence substantial functional limitations, such as 
unstable vision and limited vision at night or 
in low-lighting conditions [Fine et al., 2000; 
Steinmetz et al., 1993]. More severe vision 
loss can occur when complications affect the 
foveal region. In some cases, these signs may 
be precursors of the neovascular form of 
ARMD [Bressler and Gills, 2000]. Unfortu-
nately, there is no treatment for atrophic 
ARMD. 
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 FIGURE 5 

 
The atrophic form of ARMD  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A. Photograph an optic fundus exhibiting atrophic ARMD. B. Drawing of a longitudinal section of a retina 

exhibiting  atrophic ARMD. 
 
 
Reproduced with permission of: A. Occulisti Online; B. National Eye Institute. 
 
4.2.2.2 THE NEOVASCULAR FORM 
 
The neovascular form of the disease is much 
more pernicious and is responsible for about 
90% of all severe ARMD-related vision loss. 
The disease is sudden in onset and can pro-
gress very quickly, causing irreversible dam-
age to the macula, with a subsequent loss of 
central vision within a few weeks. In many 
cases, however, vision deteriorates more 
slowly, with progression to legal blindness 
(VA of 6/60 or less) taking up to two years. 
Very fortunately, in all cases, peripheral vi-
sion is preserved, which enables the patient to 
maintain a certain degree of autonomy [La-
cour et al., 2002; Fine et al., 2000; MPS 
Group, 1996; MPS Group, 1991].  
 
In this form of ARMD, the visual changes are 
caused by the abnormal growth of new blood 
vessels of choroidal origin in the subretinal 
space (Figure 6), a process better known as 
choroidal neovascularization (CNV). Its exact 
cause has yet to be elucidated. However, one 
interesting theory is that the continual accu-

mulation of large drusen under the macula 
promotes the detachment of a layer of pigment 
epithelial cells and of a section of Bruch's 
membrane from the underlying choroidal tis-
sue, thus preventing oxygen and nutrient 
transport to the photoreceptors [Bressler et al., 
2000]. 
 
There are some indications that, unlike the 
pathologic process in the atrophic form, the 
decreased blood flow to the macula activates 
the formation of additional capillaries by the 
choriocapillaris by stimulating the secretion of 
angiogenic factors. These new vessels then 
pass through Bruch's membrane, which has al-
ready been weakened by the previous trauma, 
and invade the subretinal space in order to re-
store the energy supply to the retina. The en-
dothelial wall of these new vessels is porous 
and allows blood and protein fluids to pass 
through easily, which causes lifting of the 
pigment epithelium and eventually hemor-
rhagic lesions and exudates [Arnold and 
Sarks, 2000; Bressler et al., 2000]. 

 

Drusen 

Degenerated 
photoreceptors 

Drusen 



 9 

FIGURE 6 

 
The neovascular form of ARMD 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A. Photograph of an optic fundus exhibiting  
neovascular ARMD. 
 

B. Longitudinal section of a retina exhibiting 
neovascular ARMD. Choroidal new vessels 
(CNV) have begun to invade the subretinal 
space 

 
Reproduced with permission of: A. Occulisti Online; B. National Eye Institute. 
 
If the lesions are not treated, fibroblast growth 
will be greatly stimulated, with fibroblasts re-
placing the normal anatomic structures in the 
macula, including the photoreceptors. The 
course of the disease continues with the addi-
tion of new capillaries and the formation of a 
fibrous scar with atrophy of chorioretinal tis-
sue and significant, irreversible visual loss 
[Ambati et al., 2003].  
 
The lesions caused by the disease may be lo-
cated outside the fovea (extrafoveal), at its pe-
riphery (juxtafoveal) or under the fovea (sub-
foveal or retrofoveal) (Figure 7). In addition, 

choroidal neovascular membranes can be di-
vided into two types (classic and occult), de-
pending on their appearance on fluorescein 
angiography. Classic membranes (also called 
visible) are characterized by a very clear de-
marcation and intense hyperfluorescence with 
leakage. Occult membranes have poorly de-
marcated boundaries and often appear as areas 
of fluorescence of undetermined source and 
with no precise shape. As a general rule, vi-
sion deteriorates much more quickly when the 
membranes are of the classic type [Arnold and 
Sarks, 2000]. 
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FIGURE 7 

 

Classification of the different forms of neovascular ARMD 

 
 
 
 
 
 
  
 
 
 
 
 
* Indication for photodynamic therapy (see Section 5.2). 
† CNV: choroidal neovascularization. 
 
 
4.3 EPIDEMIOLOGICAL DATA  

To date, there has been no epidemiological 
study of age-related macular degeneration in 
Québec. The ARMD incidence and preva-
lence data presented in this report were there-
fore extrapolated from the results of three rig-
orous population-based studies in Europe 
(Rotterdam Study) [Vingerling et al., 1995b], 
the United States (Beaver Dam Eye Study) 
[Klein et al., 1992] and Australia (Blue Moun-
tains Eye Study) [Mitchell et al., 1995]. The 
results of these three studies are similar after 
adjustment for the distribution in the age 
groups studied. It is therefore highly likely 
that the prevalence and incidence of the dis-
ease in Québec are not much different from 
those observed in these countries.  
 
These three studies provide estimates of the 
prevalence of progressive ARMD, which  
seems to be closely associated with the age of 
the study population. It is approximately 0.2% 
in people aged 55 to 64 and climbs to more 
than 13% in the over-85 age group [Smith et 
al., 2001]. The prevalence of ARMD in the 
over-55 population is 1.6% [Smith et al., 
2001]. The prevalence of neovascular degen-
eration exhibits more or less the same profile, 
increasing from 0.17% (in people aged 55 to 
64) to more than 5.8% in the over-85 popula-
tion. If we apply the prevalence data by age 

group to the over-55 population in Québec 
(about 1,730,000) [Institut de la statistique du 
Québec, 2003], we can estimate that approxi-
mately 33,667 individuals have ARMD. In 
addition, according to the study by Margherio 
et al. [2000], slightly more than 47% of the 
population in the Western world with progres-
sive ARMD have the neovascular form. It can 
therefore be extrapolated that 15,958 Quebe-
cers over the age of 55 have this form of 
ARMD.  
 
The incidence of ARMD is a bit more difficult 
to estimate, since the three research groups 
used different criteria to determine the stage 
of the disease. According to the Rotterdam 
Study, the 2-year cumulative incidence varies 
from 0.15% (65 to 74 years) to 1.75% (over 
85 years), with a mean of 0.24% for the entire 
over-55 population [Klaver et al., 2001]. Ac-
cording to the authors of the Beaver Dam 
study, the 5-year cumulative incidence of the 
disease increases from 0.3% in the 55-to-64 
age group to 5.4% in people over 75. The total 
incidence of the disease in people over the age 
of 55 is 0.9%. According to the same authors, 
the total incidence of neovascular ARMD in 
the target population (55 and over) is 0.4% 
[Klein et al., 1997]. According to the Blue 
Mountains study, the 5-year cumulative inci-
dence of ARMD in the population is 1.1% and 
1% for neovascular ARMD [Mitchell et al., 
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<  50% CNV 
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2002a]. It should also be noted that other epi-
demiological studies have estimated the inci-
dence of the disease by dividing the preva-
lence rates by the assumed average duration of 
the disease. These estimates yield an annual 
incidence of 1.2 to 6% in people over the age 
of 75. It is important to note that this method-
ology is questionable [Lacour et al., 2002; 
Vingerling et al., 1995c]. 
 
The incidence of ARMD is on the rise, and 
population aging is only one of the contribut-
ing factors to this increase [Desmettre et al., 
2001; Fine et al., 2000]. The Institut de la sta-
tistique du Québec expects that the 55-and-
over population will increase from 1,730,000 
in 2001 to more than 3,170,000 in 2026, 
which will mean an increased demand for ef-
fective treatments for the disease. Some stud-
ies even estimate that the number of ARMD 
patients will probably triple within 25 years 
[Sharma, 2001]. 
 
Lastly, the disease is usually not bilateral in 
onset. When a patient has unilateral ARMD, 
the fellow eye is often affected within the four 
years following the initial diagnosis. The 
probability of the disease occurring in the fel-
low eye is 15% the first year. This figure in-
creases cumulatively each year, to reach 60% 
after four years [Lacour et al., 2002; MPS 
Group, 1997]. 
 
4.4 CAUSES AND RISK FACTORS 
 
The exact causes of ARMD have not yet been 
very clearly determined. However, case-
control, cross-sectional and prospective cohort 
studies have revealed a number of risk factors 
[Fine et al., 2000; Klein et al., 1997; Mitchell 
et al., 1995; Vingerling et al., 1995b; EDCC 
Study Group, 1992]. Most of the studies ex-
amined found that, apart from age, the major 
risk factors are a family history of ARMD 
(genetic component) [Tuo et al., 2004; Klaver 
et al., 1998; Souied et al., 1998; Seddon et al., 
1997; Klein et al., 1994] , smoking [Tomany 
et al., 2004b; Smith et al., 2001; Klein et al., 
1998; Seddon et al., 1996; Christen et al., 1996], 
hypertension or atherosclerosis [van Leeuwen 

et al., 2003a; Bressler and Gills, 2000; 
Vingerling et al., 1995a] and a low intake or a 
low plasma level of lutein and zeaxanthin, two 
carotenoids obtained primarily from green 
vegetables [Seddon et al., 1994; EDCC Study 
Group, 1993]. Some studies have also shown 
that neovascular ARMD is more frequent in 
Caucasians [Friedman et al., 1999; Klein et 
al., 1995].  
 
Several studies have found that ARMD is, at 
least partially, a hereditary disease. Epidemi-
ological studies have shown that the rate of 
ARMD is higher in the first-degree relatives 
of an affected individual [Klaver et al., 1998; 
Seddon et al., 1997]. The importance of ge-
netic factors has also been confirmed by stud-
ies involving homozygous twins, in whom a 
strong concordance of ARM and ARMD was 
found [Gottfredsdottir et al., 1999; Meyers et 
al., 1995; Klein et al., 1994]. It should, how-
ever, be borne in mind that ARMD is possibly 
a multifactorial, polygenic disease [Souied et 
al., 2001]4.  
 
Smoking is one of the environmental factors 
most often associated with ARMD [Tomany 
et al., 2004b; Mitchell et al., 2002b; McCarty 
et al., 2001; Smith et al., 2001; Delcourt et al., 
1998; Klein et al., 1998; Vingerling et al., 
1996]. The relative risk of developing ARMD 
is five times higher for smokers, and this risk 
persists for 20 years after the individual stops 
smoking [Delcourt et al., 1998]. In addition, 
the disease develops 5 to 10 years earlier in 

                                                      
4. Linkage studies and molecular analyses have found 
nucleotide abnormalities in the gene sequence coding for 
proteins whose deffective function appears to be consistent 
with the appearance of the phenotype. These candidate genes 
might be responsible for the predisposition to ARMD [Tuo et 
al., 2004; Ambati et al., 2003]. The polymorphism found in the 
gene coding for apoprotein E (apoE) might play a role. Thus, 
allele ε2 is thought to be associated with a 50% increase in the 
risk of neovascular ARMD, allele ε4 with a 57% decrease in 
this risk [Souied et al., 1998]. Mutations in the retina-specific 
ATP-binding cassette transporter (ABCR) gene, which is 
responsible for Stargardt's disease, have also been associated 
with the occurrence of exudative ARMD [Souied et al., 2000; 
Allikmets, 2000; Allikmets et al., 1997]. Recently, the genes 
coding for the angiotensin-converting enzyme (ACE) and for 
the MSD (manganese superoxide dismutase) enzyme have also 
been implicated [Hamdi et al., 2002; Kimura et al., 2000]. It 
may be that just one of these genes is responsible for the 
predisposition to ARMD and that the others mainly influence 
the phenotype [Ambati et al., 2003; Hamdi and Kenney, 2003]. 
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smokers and ex-smokers than in nonsmokers 
[Mitchell et al., 2002b]. This could be ex-
plained by the effects of smoking on antioxi-
dant metabolism and on choroidal blood flow 
[Ambati et al., 2003]. The risk of atrophic 
ARMD is higher in male smokers than female 
smokers [Mitchell et al., 2002b]. However, it 
seems that the risk of progression to advanced 
ARMD is higher in female smokers (3.5 times 
higher) [Cote et al., 2002]. Furthermore, 
smoking is associated with an increased risk 
of recurrent neovascularization after laser 
photocoagulation [MPS Group, 1986]. In this 
case, nicotine stimulates neovascularization 
by causing endothelial cell proliferation and 
accelerating fibrovascular growth [Heeschen 
et al., 2001]. 
 
Lastly, other risk factors have been suggested, 
but the studies in question are sometimes con-
tradictory or lack scientific rigour. Some of 
these potential risk factors are a low intake or 
a low plasma level of antioxidant vitamins 
(vitamins C and E) or of zinc [Smith et al., 
1999; VandenLangenberg et al., 1998; Mares-
Perlman et al., 1995; Seddon et al., 1994; West 
et al., 1994], the overconsumption of certain 
types of fats, such as monounsaturated and 
polyunsaturated fats, including linoleic acid 
[Cho et al., 2001; Seddon et al., 2001], over-
exposure to sunlight [Tomany et al., 2004a; 
Delcourt et al., 2001; Mitchell et al., 1998; 
Cruickshanks et al., 1993] and weakly pig-
mented irides (blue, green, etc.) [Klein et al., 
1998; Holz et al., 1994; EDCC Study Group, 
1992]. 
 
4.5 SYMPTOMS AND DIAGNOSIS  
 
When there is abnormal growth of blood ves-
sels of choroidal origin, the first symptoms 
mentioned by most patients are impaired col-
our vision and the appearance of areas of dis-
tortion in the visual field, of surfaces that 
seem abnormally wavy (metamorphopsia) or 

of dark spots in the central visual field. Pa-
tients sometimes notice these changes when 
looking at objects whose contours should be 
straight, such as tiles on a floor or the side of 
a building. As a general rule, affected indi-
viduals also note a relatively rapid decrease in 
visual acuity. Since this disease is usually not 
bilateral in onset, patients do not easily notice 
these changes when the unaffected eye is 
open [Guyer, 1997]. 
 
According to a number of organizations and 
authors, people can detect macular degenera-
tion by performing a relatively simple test, the 
Amsler grid (Appendix A). There seems to be 
a professional consensus in the scientific lit-
erature and among the experts consulted that 
the Amsler grid is useful in detecting ARMD 
[Bressler, 2002; Mittra and Singerman, 2002; 
Sickenberg, 2001; Fine et al., 2000; Butler et 
al., 1997b; Canadian Task Force on the Peri-
odic Health Examination, 1995]. The Amsler 
grid test is performed by holding the grid 
35 cm from the eyes and fixing one's vision 
on the central dot with one eye at a time (Ap-
pendix A). As soon as disturbing symptoms 
appear (Figure 8), it is imperative that the pa-
tient see an ophthalmologist as quickly as 
possible. 
 
The clinician can also use the Amsler grid to 
assess the loss of central vision [Guyer, 
1997]. However, the disease is diagnosed with 
different tests, including examinations per-
formed by means of a slit lamp, an ophthal-
moscope and photographs of the optic fundus. 
Some of these examinations may reveal reti-
nal bleeding, exudates and scarring. As soon 
as retinal changes are detected, the physician 
should recommend fluorescein or indocyanine 
green angiography and the relevant optic fun-
dus photographs as soon as possible in order 
to confirm or rule out the disease and, if pos-
sible, to initiate treatments that can slow its 
progression [Guyer, 1997]. 
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FIGURE 8  

 
The Amsler grid test 
 
A B C D 
 
 
 
 
 
 
 
 
 
 
A. Normal vision. B to D. Vision of a person with ARMD. This figure depicts central lesions. 

However, all lesions are not central. Dark spots as well as deformations can 
therefore appear elsewhere on the grid. 

 
Reproduced with permission of the National Eye Institute. 
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5 TREATMENTS FOR AGE-RELATED MACULAR 

DEGENERATION  

Presently, there is no curative treatment for 
age-related macular degeneration (ARMD). 
The aim of the current therapies is instead to 
slow or stop the progression of the disease 
and to thus preserve the patient's residual vi-
sion. Photodynamic therapy (PDT) is a thera-
peutic modality for ARMD due to subfoveal 
choroidal neovascularization. It permits better 
preservation of the sensory retina and, conse-
quently, of visual acuity. Other treatments in-
clude laser photocoagulation, transpupillary 
thermotherapy, surgical procedures (e.g., 
macular translocation and pigment epithelial 
cell transplantation), radiation therapy and 
therapy using interferon alfa-2a or other 
antiangiogenics. These treatments are cur-
rently in use or are presently being evaluated 
in clinical trials and will be discussed later. 
 
5.1 PHOTODYNAMIC THERAPY 
 
Photodynamic therapy involves irradiating, 
with low-intensity light, a tissue that has been 
subjected to a photosensitizer. Photosensitiz-
ers induce cytotoxic processes only when ir-
radiated, and the damage is generally limited 
to a relatively precise area. This technique is 
already being used to treat various types of 
cancer, such as esophageal, bladder and lung 
cancer [AETMIS, 2004].  
 
A number of photosensitizers are presently 
being investigated (Appendix B), but only 
verteporfin (Visudyne®) has been approved 
for the treatment of the neovascular form of 
ARMD. 
 
5.1.1 Verteporfin 
 
Verteporfin, which is marketed under the 
name of Visudyne®, was created by QLT Pho-
totherapeutics Inc., of British Columbia. It is 
now marketed by Novartis Ophthalmics, a 
subdivision of Novartis. Visudyne has been  

approved for the treatment of the exudative 
form of ARMD with predominantly classic 
neovascularization in nearly 75 countries, and 
for the treatment of the pure occult form (Ap-
pendix C). Health Canada approved the use of 
this drug in May 2000 for the treatment of 
classic neovascularization. In April 2004, the 
indication was still in abeyance for the treat-
ment of occult neovascularization. Visudyne 
is covered by the Régie de l'assurance mala-
die du Québec (RAMQ) as an exception drug. 
 
The active ingredient in Visudyne is vertepor-
fin, a benzoporphyrin derivative monoacid. 
Apart from an absorption spectrum with a 
peak at a wavelength of approximately  
690 nm and the availability of a laser source 
matching this peak, this compound offers the 
advantage of rapid hepatic elimination within 
24 hours of its administration, which limits 
the duration of visual or cutaneous photosen-
sitivity [Desmettre et al., 2001; Scott and Goa, 
2000]. Verteporfin is especially effective in 
ophthalmology, since it is light-activated by a 
monochromatically red diode laser that easily 
penetrates blood and fibrous tissues. It can 
therefore act on choroidal neovasculature 
[Soubrane, 2001]. 
 
Verteporfin is administered after liposomal 
encapsulation. The wall of the liposomes con-
sists of a double layer of phospholipid that 
protects the photosensitizer from enzymatic 
breakdown mechanisms [Hooper and Guy-
mer, 2003; Desmettre et al., 2001; Soubrane, 
2001]. This vector also permits the formation 
of complexes with other lipophilic proteins, 
such as serum LDL (low-density lipoprotein) 
[Scott and Goa, 2000]. According to animal 
study data, proliferating cells, including ne-
ovascular endothelial cells and tumor cells, 
express large numbers of receptors for this 
lipoprotein [Kramer et al., 1996; Allison et 
al., 1994]. This LDL-liposome complex might 
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therefore facilitate the entry and accumulation 
of verteporfin in LDL receptor-rich choroidal 
neovascular vessels. The preferential binding 
to choroidal vascular endothelial cells is rela-
tively specific, but the RPE cells express a 
certain number of these receptors as well 
[Scott and Goa, 2000; Husain et al., 1999; 
Miller et al., 1995]. 
 
5.1.2 Mechanisms of action of  
photodynamic therapy  
 
The mechanisms of action of PDT are based 
on the oxidation of organic tissue compo-
nents. Activation of the photosensitizer by an 
appropriate light source causes a photochemi-
cal reaction better known as a photodynamic 
process. When the photosensitizer is activated 
by light, it absorbs a certain quantity of en-
ergy in the form of photons. The molecule 
thus becomes excited and goes through differ-
ent excitation levels called singlet states (Fig-
ure 9). However, at this point, the photosensi-
tizer has excess energy, which it will quickly 
lose. Thus, the higher singlet states (S2, S3, 
etc.) deactivate very quickly toward the 
lower-energy singlet state S1. The latter, 
which is relatively more stable than the for-

mer, can lose its energy by releasing it in the 
form of heat into the surroundings, by emit-
ting fluorescence or by passing to an interme-
diate state called the triplet state. The drop 
from the triplet state to the ground state is 
much slower than that from the singlet state. 
It is at the triplet state that the photosensitizer 
will have time to react with other molecules in 
the surrounding tissue [Hooper and Guymer, 
2003; Rivellese and Baumal, 2000; Schmidt-
Erfurth and Hasan, 2000].  
 
Chemical processes can occur in the triplet 
state through two main pathways. In type I 
mechanisms, the photosensitizer reacts 
chemically with molecules via direct interac-
tion. Redox reactions lead to the formation of 
radical species and, through complex proc-
esses generally involving oxygen (in the form 
of superoxide anions [O2

-]), to the breakdown 
of adjacent molecules. Type II mechanisms 
require an energy transfer to oxygen that car-
ries it to the singlet state (1O2), a highly oxi-
dizing species. At the same time, the photo-
sensitizer returns to its ground state and is 
ready to gather light energy again [Rivellese 
and Baumal, 2000]. 

 
FIGURE 9 

 
Diagram showing the energy levels of a molecule and the different pathways leading to the emission of  
fluorescence and to photosensitization processes  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Source: Schmidt-Erfurth and Hasan, 2000. 
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 FIGURE 10 

 
Type II mechanisms are preponderant in the photodynamic process 

 
 
 
 
 
 
 
 
 
 
 
 
Source: Desmettre et al., 2001.  

 
 
The photodynamic process occurs mainly 
through type II mechanisms (Figure 10). 
Amino acids, enzymes, certain nucleic acid 
bases and, to a lesser extent, the lipid chains 
in membranes are very sensitive to the action 
of singlet oxygen. Since it does not diffuse 
into the surroundings, this highly reactive 
species damages tissues locally. The oxidative 
stress causes major cellular changes and even-
tually gives way to a mechanism of apoptosis 
(triggering of cell death) that acts both on the 
cell membranes and mitochondria. In the case 
of age-related macular degeneration, it is the 
endothelial cells of choroidal new vessels that 
are particularly affected. Local thromboses 
develop in these vessels, which can ultimately 
cause their destruction [Hooper and Guymer, 
2003; Brown and Mellish, 2001; Shuler et al., 
2001; Scott and Goa, 2000; Lin et al., 1994]. 
 
5.1.3 Treatment protocol 
 
Photodynamic therapy is a two-step proce-
dure. The first step consists in injecting the 
photosensitizer into a vein in the arm or hand. 
The quantity of photosensitizer injected de-
pends on the body surface, which is calculated 
from the patient's height and weight, and it is 
injected at a concentration of 6 mg/m2. The 
desired dose of Visudyne is first diluted in 5% 
dextrose in order to obtain a total volume of 
30 mL of liquid, which is administered over a  
 

 
10-minute period. The second step involves 
activating the photosensitizer. Fifteen minutes 
after the start of injection of the photosensi-
tizer, irradiation of the retina is started with a 
monochromatic diode laser set at a wave-
length of 689 nm (± 3 nm). The recommended 
fluence for treating choroidal new vessels is 
50 J/cm2, with an intensity of 600 mW/cm2. A 
beam of light is therefore aimed at the retina, 
using an optic fiber or a slit lamp with the ap-
propriate lenses [Miller et al., 1999]. Given 
that this type of laser does not produce any 
heat, there is generally no obvious effect on 
vision during the treatment, although, some 
patients may notice a transient decrease in 
visual acuity. After the treatment, the patient 
should avoid exposure to the sun and other in-
tense light sources for two days (about 
48 hours) [Miller et al., 1999]. Subsequently, 
the minimum frequency of follow-up visits is 
three months. PDT retreatments may prove 
necessary and extend over several years. 
 
As mentioned earlier, the disease is generally 
not bilateral in onset. The affected eye (if it 
meets the treatment eligibility criteria) is 
treated with PDT, and the fellow eye is not 
treated. After the first treatment, there are 
regularly scheduled medical follow-up visits 
(about every three months), and fluorescein 
angiography is performed during each visit. 
If, during a given follow-up visit, it is found  
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molecule 

Oxygen 

Singlet 
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that the disease seems to be progressing in the 
affected eye (leakage observed on fluorescein  
angiography), the patient will receive another 
PDT treatment. Depending on the course of 
the disease, the PDT retreatments may extend 
over a period of about three years. During this 
time, the disease may appear in the fellow 
eye, and, if it meets the PDT eligibility crite-
ria, the treatment will be administered to both 
eyes at the same time. Briefly, then, a patient 
may have neovascular ARMD in one eye only 
or in both eyes at the same time. The disease 
may also appear in the fellow eye while the 
first eye is being treated or after the treatment 
has been completed. The PDT treatment pro-
file will therefore vary from patient to patient. 
 

5.2 THERAPEUTIC INDICATION 
 
The indication for PDT with verteporfin for 
the treatment of age-related macular degen-
eration presently recognized by Health Can-
ada is as follows: patients with subfoveal 
ARMD with more than 50% classic neovascu-
larization. However, the manufacturer has 
submitted a request to broaden the indication 
to include patients with 100% occult subfo-
veal neovascular ARMD. This therapeutic in-
dication (pure occult neovascular ARMD) has 
been recognized in the member countries of 
the European Union since August 2002 and in 
several other countries, and should be recog-
nized in Canada in the near future. 
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6 EFFICACY  

The examination of the clinical efficacy of 
PDT with verteporfin photosensitizer is based 
primarily on the results of two randomized, 
double-blind, multicentre clinical studies: the 
TAP (Treatment of Age-related Macular De-
generation with Photodynamic Therapy) study 
and the VIP (Visudyne in Photodynamic 
Therapy) study (Appendix D). The notions of 
visual acuity and angiographic changes will 
be discussed by study, whereas the notion of 
contrast sensitivity will be presented in a table 
with both studies grouped together. 
 
6.1 PATIENTS WITH CLASSIC 
NEOVASCULARIZATION 

The TAP study was conducted at 22 ophthal-
mology research centres in Europe and North 
America. It involved 609 patients, mostly 
with classic neovascularization and dimin-
ished visual acuity (1 to 5/10 on an ETDRS 
[Early Treatment Diabetic Retinopathy Study] 
logarithmic chart (Appendix E). The subjects 
were randomized to two groups, one receiving 
verteporfin by infusion, the other receiving 
placebo, in a ratio of 2:1 (402/207). Baseline 
visual acuity ranged from 6/12 (20/40) to 6/24 
(20/80) in 50% of the participants.  

The preliminary results, which were published 
12 months into the study, showed that visual 
acuity, contrast sensitivity5 and the angiogra-
phic appearance of the lesions were signifi-
cantly better in the treatment group than in the 
control group (Tables 1 and 3). However, vis-
ual acuity gradually diminished in both 
groups: 54% of the placebo-treated eyes 
showed a decrease in visual acuity of at least 
three lines6 (15 letters of visual acuity on an 
ETDRS chart or on the Bailey-Lovie test) 
compared to 39% of the eyes in the group 
treated with verteporfin. When a greater de-

                                                      
5. Contrast sensitivity (CS) can be defined as the ability to 
detect changes in lighting between two areas or to discriminate 
between an object and its background under varying degrees of 
lighting [Zanlonghi, 2001; Casson and Racette, 2000]. 
6. One line of visual acuity on an ETDRS chart equals five 
letters. 

crease7 in visual acuity was taken into ac-
count, i.e., six lines, the difference persisted 
(15% of the eyes in the verteporfin-treated 
group; 24% of the eyes in the control group).  

The subgroup analysis showed that PDT was 
more effective in the eyes with predominantly 
classic neovascularization than in those with  
occult neovascularization. Thus, only 33% of 
the eyes with more than 50% classic neovas-
cularization (n = 242) lost at least three lines 
compared to 61% of the control group eyes. 
When classic neovascularization was consid-
ered separately (no occult neovasculariza-
tion), visual acuity remained stable or im-
proved in the treatment group (67% vs. 27% 
in the control group) [TAP Study Group, 
1999].  

The results of the examinations performed at 
24 months (TAP Study II) confirmed those 
obtained at 12 months. All the results pre-
sented are significant. Approximately 85% of 
the patients recruited at the outset completed 
the second year of the study: 189 (47%) of the 
402 eyes in the verteporfin-treated group lost 
at least three lines of visual acuity compared 
to 129 (62%) of the 207 control group eyes. 
There was substantial avoidance of severe 
visual acuity loss: 18% of the eyes in the 
verteporfin-treated group lost more than six 
lines (≥  30 letters) of visual acuity compared 
to 30% of the control group eyes. At the end 
of the second year, in the subjects with pre-
dominantly classic neovascularization, a con-
siderably higher percentage of those in the 
control group than of verteporfin-treated pa-
tients had lost at least three lines of visual acu-
ity (69% vs. 41%). When only the patients 
with classic lesions with no occult element  
are considered, this figure climbs to 71% for 
the control group compared to 30% for the 
verteporfin-treated group. 
 

                                                      
7. In this report, a moderate loss of visual acuity means a loss 
of three lines of vision. A severe loss of visual acuity is a loss 
of six lines of vision.  
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TABLE 1 

Results of the TAP (Treatment of Age-related Macular Degeneration with Photodynamic Therapy) 
study 

POPULATION AND SUBPOPULATION 

Number of lines of visual acuity lost 

FOLLOW-UP 
VISITS 

(MONTH) 

VERTEPORFIN, 
NUMBER OF 

EYES (%) 

PLACEBO, 
NUMBER OF 

EYES (%) 
P 

Total patient population (n = 609) 

≥  3 
 

≥  6 

 

12 
24 

12 
24 

 

 156 (39) 
 189 (47) 

 59 (15) 
 73 (18) 

 

 111 (54) 
 129 (62) 

 49 (24) 
 62 (30) 

 

 <  0.001 
 <  0.001 

 0.006 
 <  0.001 

Patients with predominantly classic CNV  
(n = 242) 

≥  3 
 

≥  6 

 
 

12 
24 

12 
24 

 
 

 52 (33) 
 65 (41) 

 19 (12) 
 24 (15) 

 
 

 50 (61) 
 57 (69) 

 28 (34) 
 30 (36) 

 
 

 <  0.001 
 <  0.001 

 <  0.001 
 <  0.001 

 Patients with predominantly classic CNV 
with no occult CNV (n = 135) 

≥  3 

≥  6 

 
 

12 

24 
12 

 
 

 21 (23) 

 28 (30) 
 9 (10) 

 
 

 32 (73) 

 35 (71) 
 18 (41) 

 
 

 <  0.001 

 <  0.001 
 <  0.001 

 Patients with predominantly classic CNV 
with occult CNV (n = 111) 

≥  6 

 
 

12 
24 

 
 

 10 (14) 
 12 (17) 

 
 

 10 (25) 
 14 (36) 

 
 

 0.17 
 0.03 

 
Note: The patients who lost fewer than three lines of visual acuity are not included in this table. 
Sources: TAP and VIP Study Group, 2002; Bressler, 2001; TAP Study Group, 1999. 
 
The evaluation of the decrease in visual acuity 
shows that, at one year, the mean loss in the 
verteporfin-treated group was 11.2 letters on 
an ETDRS chart versus 17.4 in the control 
group, and, at two years, 13.4 letters in the 
verteporfin-treated group versus 19.6 in the 
control group (p < 0.001) (Table 4b). The  
results of this study also show that contrast 
sensitivity remained relatively stable in the 
verteporfin-treated group, which only experi-
enced a loss of 1.3 letters, with the control 
group experiencing a loss of 4.5 letters the 
first year and 5.2 the second (Table 3) 
[Bressler, 2001].  
 
The 1-year results of an extension of a 
phase III trial have been published. They  
mainly show that visual acuity remained sta-
ble during the third year of therapy, with no 
additional adverse effects [Blumenkranz et 

al., 2002]. The patients in the verteporfin-
treated group received an average of 1.3 
treatments during this additional year, which 
is a significant decrease in the number of 
treatments. The patients were retreated an av-
erage of 3.4 times the first year and 2.2 times 
second, for a total of seven treatments in three 
years [Blumenkranz et al., 2002; Bressler, 
2001a]. The control group patients were 
treated an average of 6.5 times during the first 
two years of the study. The subjects were re-
treated every three months if angiography 
showed fluorescein leakage [Bressler, 2001; 
TAP Study Group, 1999].  

This randomized, controlled study showed 
that PDT with verteporfin is an effective treat-
ment for slowing the progression of ARMD, 
especially in patients with more than 50% 
classic neovascularization. The greatest loss 
of visual acuity occurred within the first year 
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following the initial treatment and especially 
during the first three to six months. During 
the second year, visual loss was minimal. 
Such minimal loss of visual acuity and con-
trast sensitivity suggests that PDT selectively 
avoided substantial damage to the photorecep-
tors and the cells of the underlying retinal 
pigment epithelium [Bressler, 2001]. Overall, 
this study showed that PDT with verteporfin 
reduces the number of ARMD patients who 
become legally blind (less than 6/60) after 
two years (Table 4a). However, it is important 
to note that the visual acuity of the patients in 
this study continued to decrease (77% of 
those who received placebo vs. 70% of those 
treated with verteporfin) after 24 months of 
treatment [Bressler, 2001]. 

A number of studies examining substantially 
the same parameters, such as VIT (Vertepor-
fin in Italy) and JAT (Japanese ARMD Trial), 
are currently in progress, and the preliminary 
results seem to confirm the efficacy data from 
the TAP study [JAT Study Group, 2003; Tano 
and JAT Study Group, 2002]. Other studies 
that have just been published, albeit nonran-
domized and more methodologically flawed 
than the TAP and VIT studies, seem to con-
firm the efficacy of PDT in the treatment of 
predominantly classic neovascularization 
[Barnes et al., 2004; Sharma et al., 2004]. 
 
6.2 PATIENTS WITH OCCULT 
AND NO CLASSIC 
NEOVASCULARIZATION 
 
The VIP study was conducted at 28 ophthal-
mology research centres in Europe and North 
America. This randomized, controlled study 
involved 339 patients mainly with occult and 
no classic neovascularization and with re-
duced visual acuity (1 to 5/10 on an ETDRS 
logarithmic chart). The study participants 
were randomized to verteporfin therapy or 
placebo therapy at a ratio of 2:1. The prelimi-
nary results, published after month 12 of the 
study, showed no significant beneficial effect 
 

 in the verteporfin-treated patients: 51% of the 
treatment group eyes compared to 54% of the 
control group eyes had lost at least three lines 
of visual acuity [VIP Study Group, 2001].  

However, after the 12th month, certain effects 
started to appear in the verteporfin-treated 
eyes (Table 2). The results of the month 
24 examinations (VIP Study II) showed that 
67% of the control group eyes (76/114) had 
lost at least three lines of visual acuity (15 let-
ters of visual acuity on an ETDRS chart) 
compared to 54% of the experimental group 
eyes (121/225). For greater decreases in vis-
ual acuity ( ≥  6 lines or ≥  30 letters), there 
was a substantial difference between the two 
groups (30% in the verteporfin-treated group 
vs. 47% in the placebo group) [VIP Study 
Group, 2001]. These results are statistically 
significant. 

The subgroup analyses at two years revealed 
that PDT was effective in the patients with 
pure occult neovascularization. Thus, in the 
subgroup of patients with pure occult and no 
classic neovascularization (n = 258), the pro-
portion of subjects who lost at least three lines 
of vision was 68% in the control group and 
55% in the treatment group (p = 0.032). This 
subgroup consisted of only 258 eyes (339 
eyes at the outset), since 24% (81 eyes) of the 
participants also had a certain proportion of 
classic neovascularization (< 50%). In addi-
tion, the decrease in visual acuity and contrast 
sensitivity was smaller in the verteporfin-
treated group than in the control group. Thus, 
approximately 26% of the treated patients 
(compared to 40% of the controls) had a vis-
ual acuity of less than 6/60 (p = 0.006) (Table 
4a). Similarly, 34% of the control group pa-
tients had lost at least nine letters of contrast 
sensitivity, while about 20% of the patients in 
the verteporfin-treated group experienced the 
same loss (p = 0.01). During the two study 
years, the patients received an average of five 
PDT treatments. They were retreated every 
three months when angiography showed fluo-
rescein leakage [VIP Study Group, 2001]. 
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The VIP study found that PDT with vertepor-
fin significantly reduces moderate to severe 
visual acuity loss in patients with occult sub-
foveal neovascular lesions with no classic 
element. The subgroup analyses seem to sug-
gest that this treatment is especially effective 
when the disease is in progression (manifested 
as the appearance of new blood vessels of 
choroidal origin, hemorrhage or exudates; an 
increase in the area of the lesion [at least 
10%]; or a decrease in visual acuity [about 
one line or five letters]) in the 12 weeks pre-
ceding the medical examination. In addition, 
certain factors, such as lesion size and residual 
visual acuity, might affect the effectiveness of 

the treatment. Even if they had not been 
planned at the beginning of the study, addi-
tional analyses were performed on small sub-
groups of patients. Given the low statistical 
power and the ad hoc nature of these analyses, 
it is important to note that their results are 
much debated. The analyses will therefore 
have to be the subject of more-thorough stud-
ies before any firm conclusions can be drawn 
from them. These additional preliminary 
analyses do, however, suggest that PDT yields 
better results in the subgroup of patients with 
small lesions (fewer than four MPS [Macular 
Photocoagulation Study] disc areas or poor 
visual acuity (6/15 or less) (Table 2).  

 
 

TABLE 2 

Results of the VIP (Visudyne in Photodynamic Therapy) study 

POPULATION AND SUBPOPULATIONS 

Number of lines of visual acuity lost 

FOLLOW-UP 
VISITS 

(MONTH) 

VERTEPORFIN,  
NUMBER OF EYES (%) 

PLACEBO,  
NUMBER OF EYES 

(%) 
P 

Total patient population/eyes (n = 339) 

≥  3 

 
≥  6  

 

12 
24 

24 

 

114 (51) 
121 (54) 

  67 (30) 

 

  62 (54)  
  76 (67) 

  54 (47) 

 

0.520 
0.023 

  < 0.001 

Patients with pure occult CNV with no classic 
CNV (n = 258) 

≥  3  

 

≥  6  

 
 

12 
24 

12 
24 

 
 

  85 (51) 
  91 (55) 

  37 (22) 
  48 (29) 

 

 
  51 (54) 
  63 (68) 

  30 (33) 
  43 (47) 

 

 
0.515 
0.032 

0.070 
0.004 

Patients with pure occult CNV with small  
lesions or poor visual acuity  
(n = 189) 

≥  3  

≥  6  

 
 
 

24 

24 

 
 
 

  60 (49) 

  26 (21) 

 
 
 

  48 (75) 

  31 (48) 

 
 
 

< 0.001 

< 0.001 

Patients with pure occult CNV with large  
lesions and good visual acuity (n = 73) 

≥  3  

≥  6  

 

 
 

24 

24 

 
 
 

  31 (72) 

  22 (51) 

 
 
 

  14 (52) 

  11 (41) 

 

 
 

 0.09* 

 0.40* 
 

Sources: TAP and VIP Study Group, 2002; VIP Study Group, 2001. 
* Although not significant, the benefits of the treatment were superior in the control group patients. 
Note: The patients who lost fewer than three lines of visual acuity are not included in this table. 
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Several similar studies, such as the VIO 
(Visudyne in Occult) study, are presently un-
der way, and their preliminary results seem to 
confirm the results presented in this report 
[Schachat and VIP Study Group, 2001]. 
 
The TAP and VIP studies found that photody-
namic therapy reduced by about 9% and 14%, 
respectively, the rate of blindness after two 
years in ARMD patients who were eligible for 
this treatment [Bressler, 2001] (Table 4a). 
However, these studies evaluated the efficacy 
of PDT in patients with a visual acuity in the 
eye to be treated of 6/12 to 6/60. They did not 
find any beneficial effects in the patients 
whose visual acuity in the eye to be treated 
was less than 6/60 (legal blindness). In addi-
tion, these studies did not examine the aspects 
of the patients' quality of life or the functional 
capacities relating to these visual differences. 

Thus, no conclusions can be drawn about the 
benefits, in terms of the patients' quality of 
life, of preserving a few lines of vision. It 
should also be added that the TAP and VIP 
studies used very stringent patient selection 
protocols and very rigorous, preestablished 
treatment and follow-up procedures. A study 
conducted at the Royal Victorian Eye and Ear 
Hospital, in Australia, found that when the 
therapeutic indications and the patient follow-
up and monitoring procedures were not the 
same as those in the TAP and VIP studies, the 
disease normally progressed to a loss of visual 
acuity and that PDT offered few visual bene-
fits [Essex et al., 2003]. This study showed 
that to obtain results comparable to those of 
randomized, clinical trials in current medical 
practice, one must necessarily use the same 
patient selection, treatment and follow-up 
guidelines. 

 
 
 
 TABLE 3 

Changes in contrast sensitivity in the patients who participated in the TAP and VIP studies 

CONTRAST SENSITIVITY  
(Number of letters lost) FOLLOW-UP VISIT (MONTHS) 

Verteporfin  Placebo  P 

TAP study: total study population  

(n = 609) 

12 
24 

 
 

1.3 
1.3 

 
 

4.5 
5.2 

 
 

< 0.001 
< 0.001 

VIP study: patients with pure occult 
CNV (n = 258) 

12 
24 

 
 

3.6 
3.7 

 
 

4.4 
6.1 

 
 

0.164 
0.004 

Sources: TAP and VIP Study Group, 2002; VIP Study Group, 2001; Bressler, 2001; TAP Study Group, 1999. 
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TABLE 4a 

Outcomes in the TAP and VIP studies 

Primary outcome: rate of legal blindness 

TAP STUDY VIP STUDY  

Treatment 
(% of patients) 

Placebo 
(% of patients) 

Treatment 
(% of patients) 

Placebo 
(% of patients) 

Rate of legal blindness 
(< 6/60) 41 55 26 40 

 
 
 
 
TABLE 4b 

Outcomes in the TAP and VIP studies 

Secondary outcome: mean difference between visual acuity in the experimental group and that in the control group 

Loss of visual acuity (number of letters) 

TAP STUDY VIP STUDY 

Treatment Placebo Treatment Placebo 

 

13.4 19.6 19.1 25.1 

Mean difference between 
treatment and placebo 
(number of letters) 

6.2 6.0 

 
Sources:  VIP Study Group, 2001; TAP Study Group, 1999. 
 
 
6.3 PATIENTS WITH MINIMALLY 
CLASSIC NEOVASCULARIZATION 
 
A subgroup of patients recruited for the TAP 
and VIP studies had minimally classic subfo-
veal lesions, i.e., the area of classic neovascu-
larization occupied less than 50% but more 
than 0% of the entire lesion. The data gathered 
in these studies indicate that PDT has no 
beneficial effect on this type of lesion. 
 
However, an analysis of a small subgroup of 
these participants seems to suggest that this 
therapy might be effective when the disease is 
in progression, when the proportion of classic 
neovascularization approaches 50%, when the 
size of the lesion is less than four MPS disc 
areas, and when the patient has poor visual  
 

acuity (< 6/15). When these conditions were 
met, 63% of the placebo patients and 47% of 
the PDT patients lost at least three lines. 
However, these data concern a small number 
of subjects. Other, more-exhaustive studies 
should be undertaken to confirm whether or 
not this treatment is effective in patients with 
ARMD with less than 50% classic neovascu-
larization [VIP Study Group, 2001; Bressler, 
2001]. 
 
In 2002, researchers who had collaborated  
in the TAP and VIP studies established gui-
delines for the utilization of PDT with ver-
teporfin photosensitizer to treat ARMD  
patients. These guidelines were developed 
from scientific data and consensus of expert 
opinion [TAP and VIP Study Group, 2002] 
(Figure 11).  
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FIGURE 11 
 
Algorithm for managing patients with symptomatic neovascular ARMD 

 
 
 
Source: TAP and VIP Study Group, 2002. 
* Verteporfin therapy should be considered for juxtafoveal lesions that are so close to the fovea that they cannot be treated by photoco-
agulation.  
† Verteporfin therapy might be considered when the proportion of classic CNV is increasing and approaching 50% or when the lesion is 
relatively small and associated with poor visual acuity, and when the proportion of classic CNV is approximately 50%.  
‡ Presence of blood associated with CNV, or growth of lesion within the 12 weeks preceding the medical consultation, or deterioration 
of visual acuity within the past 12 weeks. 
§ VA > 6/15.  
¶ VA ≤  6/15.  
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7 ADVERSE EFFECTS AND SAFETY 

 
7.1 PHOTODYNAMIC THERAPY 
 
Photodynamic therapy with verteporfin photo-
sensitizer has a good safety profile and is gen-
erally well tolerated. A number of adverse ef-
fects have, however, been observed. Transient 
visual disturbances (decreased vision or visual 
field alterations) are observed in 18% of 
cases. One to 4% of patients may experience 
severe vision loss (six or more lines of visual 
acuity) during the week following the treat-
ment, but in most cases there is a partial re-
covery of eyesight. In 13.4% of the cases, pa-
tients also complained of various injection site 
reactions, in particular, pain, edema and in-
flammation. Lumbar pain occurring only dur-
ing the infusion was reported in 2.2% of the 
cases. This pain always disappeared as soon 
as the injection was stopped. Lastly, 3% of the 
patients indicated that they experienced tran-
sient photosensitivity reactions. Fewer than 
2% of the patients stopped their treatment be-
cause of adverse effects [Arnold et al., 2004; 
Azab et al., 2004; Bressler, 2001; American 
Academy of Ophthalmology, 2000b]. 
 
7.2 FLUORESCEIN 
ANGIOGRAPHY 
 
The adverse reactions that occur after fluo-
rescein angiography are usually minor. They 
are mainly nausea and vomiting. According to 
the studies examined, the incidence of adverse 
reactions is approximately 5% (range: 0.6 to 
16%) in patients undergoing angiography for 

the first time [The Medical Letter, 2003; 
Seigel, 2002; McLauchlan et al., 2001; Lopez-
Saez et al., 1998; Jennings and Mathews, 1994; 
Kwiterovich et al., 1991; Yannuzzi et al., 
1986]. The frequency of adverse reactions to 
subsequent angiographies is, however, differ-
ent. Thus, the percentage of reactions was 
1.8% when the patients did not experience any 
adverse effects during their first angiography 
and 48% when they did [Kwiterovich et al., 
1991].  
 Minor reactions: Nausea (3%), vomiting 

(1.2%), extravasation of dye (causing 
complications: pain at the injection site, 
subcutaneous granuloma and cutaneous 
necrosis) (0.2%); transient yellow colora-
tion of the conjunctivae, skin and urine.  

 Moderate reactions (0.5 to 1.5% of 
cases): Itching, hives, excessive sneezing, 
vagal discomfort, hypotension, dyspnea 
and syncope. 

 Severe reactions (0.05%): Allergic 
(asthma, angioedema, anaphylactic reac-
tion), cardiac (cardiac arrest, myocardial 
infarction), and neurological (seizures, 
coma, stroke) reactions. The number of 
cases of fatal anaphylactic shock has been 
estimated at 1 in 220,000 angiographies 
[The Medical Letter, 2003; Seigel, 2002; 
McLauchlan et al., 2001; Johnson et al., 
1998; Lopez-Saez et al., 1998; Jennings and 
Mathews, 1994; Kwiterovich et al., 1991; 
Yannuzzi et al., 1986; Marcus et al., 1984; 
Pacurariu, 1982].  
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8 PREVENTIVE APPROACH 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
TABLE 5 

Recommended daily doses of  
supplements in the AREDS study 

SUPPLEMENT DOSE 

Antioxidants 

Vitamin C 
Vitamin E 
Beta-carotene 

Zinc 

Zinc oxide  
Copper oxide 

 

 500 mg 
 400 IU 
 15 mg 

 

 80 mg 
 2 mg 

 

Source: AREDS Study Group, 2001. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The AREDS (Age-Related Eye Disease 
Study Research Group) study, which was un-
veiled in October 2001 by the National Eye 
Institute (NEI), examined the effect of daily 
dietary addition of antioxidant (vitamins C 
and E and beta-carotene) and zinc supple-
ments in patients with ARMD (Table 5). This 
randomized, double-blind, multicentre study 
found that in those patients at risk for a pro-
gressive form of ARMD (patients with ARM 
with large drusen or with unilateral neovas-
cular ARMD), the use of these supplements 
at the doses indicated in Table 5 reduced by 
25% the risk of the disease occurring 
[AREDS Study Group, 2001].  

zinc in combination with antioxidants (odds 
ratio: 0.66). The main outcome measure was, 
however, moderate loss of visual acuity. In 
this case, the risk of losing three lines of vi-
sion after five years was 29% for the control 
group, 26% for the antioxidant group, 25% 
for the zinc group and 23% for the zinc-plus-
antioxidant group. Thus, only the zinc-
antioxidant combination had a statistically 
significant protective effect (odds ratio: 0.73) 
compared to placebo [AREDS Study Group, 
2001]. 
 
Many experts feel that there is no evidence at 
this time to support the use of the vitamin 
and mineral supplementation recommended 
in the AREDS study when no trace of the 
disease has been detected in at least one eye 
[The Medical Letter, 2003; Kuzniarz et al., 
2002; Seigel, 2002]. The use of these sup-
plements would therefore be pointless in 
such cases. Taking vitamins C and E, beta-
carotene or zinc separately is also not rec-
ommended for the prevention of ARMD, 
since their prophylactic effect has been dem-
onstrated only for the combination recom-
mended in the AREDS study [2001]. A ran-
domized, double-blind study has shown that 
taking 500 IU (international units) of vita-
min E daily does not prevent the onset of 
ARMD or its progression to its advanced 
stages, unlike the use of a combination of vi-
tamins C and E, beta-carotene and zinc [Tay-
lor et al., 2002]. 
 
In addition, such supplements should not, 
under any circumstances, be taken without 
medical supervision, since they are not with-
out risk. The supplement doses recom-
mended in the AREDS study largely exceed 
the recommended dietary allowances (RDAs) 
established by the FNB (Food and Nutrition 
Board of the National Academy of Sciences 
—National Research Council) in collabora-
tion with Health Canada [Food and Nutri- 
tion Board, 2000] (Appendix F). These sup-
 

However, after five years in this study, no sig-
nificant benefit could be found for the subjects 
with only numerous but relatively small drusen 
or a few intermediate-size drusen, good vision 
or weak progression of the disease. When these 
patients were excluded from the analysis, the 
risk of disease progression to an advanced form 
was 28% for the control group subjects, 23% 
for those who took antioxidants only, 22% for 
those who took zinc only, and 20% for those 
who took both antioxidants and zinc. For this 
outcome measure, the effects of the treatment 
in relation to placebo were statistically signifi-
cant for zinc only (odds ratio: 0.71) and for 
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plements can cause serious health problems in 
certain types of individuals [Ambati et al., 
2003; The Medical Letter, 2003; Food and 
Nutrition Board, 2002], such as those with 
cancer [Watkins et al., 2000], heart disease 
[Yusuf et al., 2000], Alzheimer's disease [Ru-
lon et al., 2000; Bush et al., 1994]or diabetes 
[Cunningham et al., 1994; Raz et al., 1989]. 
Furthermore, drug interactions can occur. For 
example, the high dose of zinc recommended 
in the AREDS study can cause considerable 
copper depletion and severe anemia [Food and 
Nutrition Board, 2000]. To overcome this 
problem, copper supplements have had to be 
added to the AREDS formula.  
 
Many epidemiological studies have shown 
that a diet rich in fruits and vegetables with a 
high carotenoid content reduces the risk of 
cancer [Lee, 1999; Patterson et al., 1997; 
Mayne, 1996]. However, high doses of beta-
carotene supplements can have the opposite 
effect by acting as prooxidants. Such supple-
mentation fosters the neoplastic transforma-
tion of normal cells [Palozza et al., 2001; Lee, 
1999; Palozza, 1998; Patterson et al., 1997]. 
Two large, randomized, double-blind studies 
(CARET and ATBC) found that high daily 
doses of beta-carotene increased the risk of 
lung cancer in smokers. The CARET (Beta-
Carotene and Retinol Efficacy Trial) found 
that the use of beta-carotene and vitamin A 
supplements increased the incidence of lung 
cancer in smokers by 28% and the mortality 
rate by 17%. These antioxidants also in-
creased the incidence of cardiovascular dis-
ease in these individuals [Omenn et al., 1996a; 
Omenn et al., 1996b]. The final results of the 
ATBC (Alpha-Tocopherol, Beta-Carotene 
Cancer) trial confirmed those of the CARET 
study. In particular, they showed that the inci-

dence of lung cancer had increased by 16% in 
the smokers who participated in the study. 
This study also reported harmful interactions 
between beta-carotene and alcohol. For in-
stance, the incidence of lung cancer increased 
significantly in those individuals who had 
more than one drink a day [Patrick, 2000; Al-
banes et al., 1996]. 
 
The antioxidant activity of vitamin E has been 
reported in several observational studies. This 
vitamin scavenges and breaks down free radi-
cals and highly reactive oxygen species [Es-
terbauer et al., 1991; Burton and Ingold, 
1989]. It might therefore play an important 
role in the prevention of many diseases. How-
ever, although some researchers recommend 
doses of vitamin E (alpha-tocopherol) be-
tween 200 and 400 IU, the daily dietary al-
lowance recommended by the FNB and 
Health Canada is about 15 mg (22 IU) [Food 
and Nutrition Board, 2000]. A number of 
studies indicate that, contrary to popular  
belief, vitamin E supplements do not have just 
beneficial effects on health. In many cases,  
the observed effects are even contradictory 
(on cardiovascular disease, cancer) [Jialal et 
al., 2001; Yusuf et al., 2000; Lee, 1999; 
Brigelius-Flohe and Traber, 1999; Patterson et 
al., 1997; Stephens et al., 1996]. In certain 
conditions, when taken in large quantities, 
supplemental vitamin E (alpha-tocopherol) 
can act as a prooxidant and damage cells and 
tissues [Weinberg et al., 2001; Brown et al., 
1997; Bowry et al., 1992]. Some people who 
take high doses of vitamin E supplements ex-
perience fatigue, nausea and diarrhea. Vitamin 
E can also cause bleeding problems, espe-
cially in people on anticoagulants [Food and 
Nutrition Board, 2000]. 
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9 ALTERNATIVE TREATMENTS FOR NEOVASCULAR 

ARMD  

9.1 TREATMENT WITH  
PROVEN EFFICACY: LASER 
PHOTOCOAGULATION 
 
A few years ago, conventional laser photoco-
agulation (argon green laser and krypton red 
laser) was the only approved therapy for treat-
ing exudative macular degeneration. The la-
sers used in photocoagulation emit rays of suf-
ficient energy to cause an intense thermal 
reaction that results in the occlusion, through 
coagulation, of new vessels. Because of heat 
dissipation, these types of lasers destroy, in 
addition to new vessels, choriocapillaries, 
retinal pigment epithelial cells and adjacent 
photoreceptors [Green, 1991; Smiddy et al., 
1984]. 
 
The beneficial effects of this treatment have 
been demonstrated in several studies. A study 
conducted by the MPS (Macular Photocoagu-
lation Study) research group found that this 
treatment could be administered to about 15% 
of the patients with neovascular ARMD (pa-
tients with classic extrafoveal or juxtafoveal 
neovascular ARMD) [MPS Group, 1991]. The 
conventional laser cannot be used in subfoveal 
neovascular ARMD because it would destroy 
the retina immediately adjacent to the target 
area and thus cause an immediate loss of cen-
tral visual acuity [Arnold and Sarks, 2000]. 
 
The different clinical studies conducted by the 
MPS group found that photocoagulation sig-
nificantly decreases the loss of visual acuity 
due to extrafoveal neovascular ARMD. After 
five years of follow-up, the investigators ob-
served severe visual acuity loss (>  6 lines) in 
48% of the treated eyes compared to 62% of 
the control group eyes [MPS Group, 1991]. In 
the case of juxtafoveal lesions, the differences 
between the two groups were not as great: 
52% of the treated eyes versus 61% of the 
control group eyes had sustained severe visual 

loss [MPS Group, 1994]. But, the main factor 
limiting the benefits of this therapy is recur-
rent neovascularization. Thus, after five years 
of follow-up, only 26% of the eyes with juxta-
foveal lesions and 46% of those with extrafo-
veal lesions did not show any signs of recur-
rent neovascularization. The latter was often 
subfoveal and prevented retreatment, since re-
treatment would have led to a permanent loss 
of vision [MPS Group, 1991; MPS Group, 
1990]. Laser photocoagulation is, nonetheless, 
the only effective treatment for patients with 
extrafoveal lesions and certain types of juxta-
foveal lesions [Arnold and Sarks, 2000; Co-
scas et al., 1991; MPS Group, 1991]. 
 
 
9.2 TREATMENTS PRESENTLY 
BEING EVALUATED  
 
9.2.1 Transpupillary thermotherapy 
 
Transpupillary thermotherapy (TTT) is a tech-
nique whereby ocular structures are irradiated 
through the pupil. However, unlike photoco-
agulation, transpupillary thermotherapy in-
volves the use of an 810-nm, near-infrared 
monochromatic diode laser. The objective of 
TTT is to create and maintain tissular hyper-
thermia in order to arrest the neovasculariza-
tion process without damaging the normal ret-
ina. To do this, the infrared laser is set at a 
low intensity and irradiates the retina for one 
minute, which causes a moderate intraocular 
temperature increase of about 4 to 9ºC com-
pared to 40ºC for photocoagulation [Hooper 
and Guymer, 2003]. 
 
Pilot studies seem to indicate that this treat-
ment might be effective in destroying pre-
dominantly occult, but also classic, subfoveal 
new vessels, with a low revascularization rate. 
[Algvere et al., 2003; Thach et al., 2003; Rei-
chel et al., 1999]. High-metabolism cells, such 
as neovascular endothelial cells, seem more 
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sensitive to hyperthermia than others. On the 
other hand, normal cells are able to overex-
press proteins that protect against thermal 
stress, such as heat-shock proteins (HSPs). 
Following treatment, a coagulation mecha-
nism is therefore triggered in the choroidal 
vascular endothelium [Mainster and Reichel, 
2000].  
 
Although promising, transpupillary ther-
motherapy is still in the experimental stage, 
and there are no data on its long-term effects 
or its potential adverse effects [Algvere et al., 
2003; Newsom et al., 2001; Desmettre et al., 
2001; Mainster and Reichel, 2000; Ip et al., 
1999]. The most appropriate clinical approach 
for the future evaluation of transpupillary 
thermotherapy is a randomized, multicentre 
study presently under way in the United States 
(ttt4CNV). It is being conducted by the Na-
tional Eye Institute.  
 
9.2.2 Radiotherapy 
 
Many clinical studies, some randomized, 
some not, have examined the possibility of 
slowing the progression of visual loss due to 
neovascular degeneration, using different ra-
diotherapy treatments. Some of these studies 
did not find any real benefit, while others re-
port a certain degree of efficacy [Ciulla et al., 
2002; Hart et al., 2002; Marcus et al., 2002; 
Kobayashi and Kobayashi, 2000; Char et al., 
1999; RAD Study Group, 1999; Bergink et 
al., 1998]. One study that examined the ad-
verse effects of radiotherapy for the treatment 
of ARMD found that ocular complications oc-
curred in nearly one-third of the cases during 
a mean follow-up of 15 months. Some of 
these complications resulted in major func-
tional sequelae [Mauget-Faysse et al., 2000]. 
It is important to note that the adverse effects 
are dose-dependent and vary according to the 
treatment protocol [Kirwan et al., 2003; 
Flaxel, 2002]. Given these contradictory find-
ings, radiotherapy for the treatment of ARMD 
is still considered experimental.  
 

9.2.3 Macular surgery  
 
9.2.3.1 SURGICAL EXCISION OF 
NEOVASCULAR MEMBRANES 
 
This procedure consists in making an incision 
in the retina and removing the subretinal new 
vessels and the surrounding vitreous body 
[Thomas et al., 1994]. However no study has 
demonstrated the effectiveness of this modal-
ity in suppressing neovascularization due to 
ARMD, and it carries a high risk of ocular 
complications, such as cataract formation, 
retinal detachment and macular hemorrhage 
[Roodhooft, 2000; Arnold and Sarks, 2000]. 
The most appropriate clinical approach for the 
future evaluation of surgical excision is the 
Submacular Surgery Trial (SST), a large, ran-
domized, double-blind study that is being co-
ordinated by the National Eye Institute in the 
United States. The final results of the study 
should be published in 2004 [National Eye In-
stitute, 2003]. However, preliminary analyses 
indicate that the excision of subfoveal new 
vessels that appear after laser photocoagula-
tion does not yield better results than photoco-
agulation alone [SST Group, 2000a; SST 
Group, 2000b ]. 
 
9.2.3.2 RETINAL MACULAR  
TRANSLOCATION 
 
Macular translocation consists in artificially 
causing a partial or total detachment of the 
retina by injecting fluid under the sensory ret-
ina, with the pigment epithelium remaining in 
place. Subsequently, two techniques can be 
used. The sclera can be shortened through its 
anteroposterior diameter by a sutured fold 
(Eckardt macular rotation or de Juan's limited 
scleral fold), or a 360-degree retinotomy can 
be performed to shift the central retina later-
ally [Hooper and Guymer, 2003; Bressler, 
2001; de Juan, 2001; Kubota et al., 2001; Toth 
and Freedman, 2001]. In both cases, the retina 
that previously lined the entire wall of the  
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globe is displaced and becomes redundant. 
Thus, by shifting, the new vessels, together 
with the pigment epithelium, will stay in 
place, while the macular area in the sensory 
retina will be displaced. It is then easy to  
laser-photocoagulate these new vessels, which 
are now at a distance from the new macula, 
and to try to preserve the patient's central vi-
sion [Soubrane et al., 2001; Roodhooft, 2000].  
 
Although studies seem to have observed that 
this procedure conferred certain short-term 
benefits to patients with exudative ARMD 
[Abdel-Meguid et al., 2003; Chang et al., 
2003], its long-term efficacy has yet to be 
demonstrated, and it cannot be compared with 
other therapies, since the trials involved a very 
small number of patients [American Academy 
of Ophthalmology, 2000a]. 
 
9.2.3.3 EPITHELIAL CELL 
TRANSPLANTATION  
 
Transplanting cells from the retinal pigment 
epithelium (RPE) or the iridial pigment epi-
thelium (IPE) after surgical excision of chor-
oidal neovascular membranes is another pos-
sible approach. These transplants permit 
photoreceptor preservation in animals. Be-
cause of the advanced stage of the disease in 
most humans who undergo surgery, the results 
of the preliminary studies were not very satis-
factory from a functional standpoint, since the 
photoreceptors and pigment epithelium had al-
ready been destroyed [Soubrane et al., 2001]. 
Allografts of retinal pigment epithelial cells 
have also been attempted, but without success 
because the cells were rejected within a few 
months [Algvere et al., 1999; Algvere et al., 
1997]. The transplantation of autologous IPE 
cells is a more promising approach [Crafoord 
et al., 2001].  
 
A study involving subjects with early-stage 
ARMD [Thumann et al., 2000] found that IPE 
cells can easily substitute for RPE cells from a 
functional standpoint and that the risk of com-
plications is fairly low compared to other 
macular surgical procedures. Furthermore, the 
rates of recurrent neovascularization were 
lower in the patients who underwent this sur-

gical procedure than in those who underwent 
the other treatments Thumann et al., 2000]. 
However, larger studies will need to be con-
ducted before it can be concluded that this 
technique is effective and safe [Holz et al., 
2003]. 
 
9.2.4 Antiangiogenic therapies 
 
Researchers hope that antiangiogenic agents 
might reduce or avoid the use of lasers to treat 
ARMD and to treat vessels that are difficult  
to visualize angiographically. These agents 
might also be used as a prophylactic treat-
ment. Large studies for finding a safe and ef-
fective antiangiogenic agent are therefore un-
der way. 
 
9.2.4.1 INTERFERON ALPHA-2A 
 
Studies have shown that interferon alpha-2a 
can inhibit the in vitro proliferation of vascu-
lar endothelial cells and their migration. In 
humans, this agent is effective in treating he-
mangiomas and Kaposi's sarcoma [Arnold and 
Sarks, 2000]. However, a large, randomized, 
double-blind study involving more than 480 
patients with neovascular ARMD did not find 
this treatment to be effective [PTMD Study 
Group, 1997]. Furthermore, it is expensive 
and can cause serious adverse effects, such as 
profound fatigue and central and peripheral 
nervous system disturbances [Arnold and 
Sarks, 2000; Roodhooft, 2000]. 
 
9.2.4.2 THALIDOMIDE 
 
Thalidomide is a synthetic derivative of glu-
tamic acid. It was marketed in Europe in 1957 
as a sedative and had to be withdrawn a few 
years later because of its potent teratogenic ef-
fect. Thalidomide caused limb malformations 
by suppressing blood vessel growth during fe-
tal development. This antiangiogenic inhibits 
corneal neovascularization induced by vascu-
lar endothelial growth factor (VEGF) in ro-
dents [Kaven et al., 2001]. However, human 
studies have failed to demonstrate its efficacy 
in treating choroidal neovascularization due to 
ARMD [Maguire et al., 2001; Roodhooft, 
2000].  
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9.2.4.3 MOLECULAR APPROACHES 
 
All the stages of angiogenesis are potential 
therapeutic targets [Soubrane and Bressler, 
2001]. Thus, action targeting growth factors, 
practically all of which are expressed in clas-
sic new vessels (bFGF [basic fibroblast 
growth factor], FGF1, FGF2 and VEGF), 
might inhibit endothelial cell proliferation. 
The only current experiment along these lines 
involves the intravitreal or subtenonian injec-
tion of anti-VEGF antibodies or VEGF-
specific oligonucleotides. The published pre-
liminary results seem promising [Eyetech 
Study Group, 2003; Eyetech Study Group, 
2002; Heier et al., 2002]. It should be noted 
that VEGF stimulates endothelial cell prolif-
eration. 
 
The various components of the extracellular 
matrix, components that are indispensable for 
endothelial cell migration, could also be tar-
getted. Human neovascular membranes ex-
press several metalloproteases, including 
MMP2 within these membranes and MMP9 
on their external aspect. Presently, inhibitors 
of these metalloproteases are being synthe-
sized, which might permit selective inhibition 
of endothelial cell migration [Berglin et al., 
2003; Lambert et al., 2002; Leu et al., 2002; 
Kvanta et al., 2000]. Similarly, integrins αVβ3 
and αVβ5 are indispensable for cellular adhe-
sion. These transmembrane receptors are ex-
pressed in the membranes of new vessels due 
to ARMD. The use of inhibitors of these in-
tegrins might prevent endothelial cell migra-
tion [Soubrane et al., 2001; Roodhooft, 2000]. 
Researchers are presently attempting to de-
velop compounds better suited for human use. 
 

Corticosteroids can inhibit endothelial cell 
proliferation in experimental models. These 
subtenonianly administered compounds are 
undergoing preliminary evaluations in hu-
mans. Triamcinolone is a synthetic glucocor-
ticoid that modulates extracellular matrix 
turnover and decreases endothelial cell migra-
tion and proliferation. It also reduces VEGF 
synthesis [Liu and Regillo, 2004; Hooper and 
Guymer, 2003]. This compound is presently 
being investigated in studies, some random-
ized, some not [Gillies et al., 2003; Jonas et 
al., 2003; Spaide et al., 2003; Ranson et al., 
2002]. Anecortave acetate is a steroid that ex-
erts its angiostatic effect by preventing the 
breakdown of extracellular matrix by direct 
inhibition of plasminogen activator and metal-
loproteases. Like triamcinolone, it acts both 
on endothelial cell migration and proliferation 
[Liu and Regillo, 2004; Hooper and Guymer, 
2003; Soubrane et al., 2003]. Two randomized 
studies assessing the efficacy of subtenonianly 
injected anecortave acetate in treating pre-
dominantly classic subfoveal neovasculariza-
tion are currently in progress [D’Amico et al., 
2003a; D’Amico et al., 2003b].  
 
Lastly, angiostatin, a potent angiogenesis in-
hibitor, could prove extremely useful. How-
ever, studies have only involved animal mod-
els [Soubrane et al., 2001]. 
 
Regardless of the strategy used to treat ne-
ovascular ARMD, the therapeutic efficacy is 
often transient. Choroidal neovascularization 
is actually a complication of ARMD, and all 
the current treatments have no effect on the 
initial changes caused by the disease. Recur-
rent neovascularization is therefore frequent. 
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10 ECONOMIC ANALYSIS  

 
10.1 METHOD  
 
We constructed a decision tree for predicting 
the costs and effects of photodynamic therapy 
in individuals with ARMD. A Markov-type 
model was constructed using Excel (Microsoft 
Corp., 2000). The population chosen for this 
model was all Quebecers aged 55 and older in 
2001, or 1,730,000 people [Institut de la sta-
tistique du Québec, 2003]. To be eligible for 
photodynamic therapy (PDT), a person must 
have subfoveal ARMD with more than 50% 
classic neovascularization or pure occult ne-
ovascularization. The decision tree concerns a 
cohort of incident cases and a cohort of preva-
lent cases in the Québec population. This 
method enables us to predict the costs and ef-
fects of PDT treatment in a situation where 
the population is treated systematically and 
where there is a catch-up program, i.e., where 
all people with ARMD who are eligible for 
PDT (cohort of prevalent cases) are treated. 
The budget impact analyses (Section 10.8.2) 
take both the incident cases and prevalent 
cases into account. 
 
The model was designed to apply ARMD in-
cidence data to the 55-and-over population. 
An ARMD patient is classified according to 
the type of ARMD that he/she has. If the pa-
tient is eligible for PDT treatment, two op-
tions are compared: photodynamic therapy or 
no treatment. The no-treatment option was 
preferred to the treatment by photocoagulation 
option, since about 92% of the patients eligi-
ble for PDT would not have been eligible for 
photocoagulation [Miller et al., 1999]. 
 
With the photodynamic-therapy option, the 
patient receives treatment over a period of 
three years and is followed for one year after 
the end of treatment. During this time, it is 
possible that the disease will appear in the fel-
low eye. Thus, a Quebecer over the age of 55 
may have unilateral or bilateral neovascular  

ARMD. As mentioned earlier, a patient may, 
therefore, at the outset, have bilateral ARMD, 
but the disease may also appear in the fellow 
eye while the first eye is being treated, or 
ARMD may occur in the second eye after the 
first eye has finished being treated. If the fel-
low eye is eligible for PDT as well, the patient 
will be treated and followed for an additional 
year, for a total period of up to four years. 
Given all the treatment application scenarios, 
we devised a model with a time horizon of 
eight years. With the no-treatment option, a 
PDT-eligible patient does not receive any 
treatment in either eye. 
 
We chose to follow patients with unilateral 
ARMD for four years to check if the disease 
appears in the fellow eye. The scientific litera-
ture on this subject gives us the number of 
new cases for the fellow eye for the four years 
following the onset of the disease in the first 
eye, i.e., the number of years during which the 
probability of ARMD occurring in the fellow 
eye is the highest [Lacour et al., 2002; MPS 
Group, 1997]. We also assume that the condi-
tion of the first affected eye stabilizes after 
four years. In other words, an ARMD eye will 
not sustain any change in visual acuity after 
these four years of treatment. 
 
In this model, the number of treatments is 
based on the practice in Québec and on the re-
sults of randomized studies. Thus, a patient 
who has access to PDT receives an average of 
3.4 treatments the first year, 2.1 treatments the 
second year, a single treatment the third year 
and none the fourth year. There is a medical 
follow-up visit every three months during the 
first two years, every six months the third 
year, and once a year thereafter. 
 
As mentioned earlier in this section, the model 
was designed for predicting the costs and ef-
fects of PDT in patients with two types of 
ARMD: 1) predominantly classic subfoveal  
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neovascular ARMD and 2) pure occult subfo-
veal neovascular ARMD. The effects and 
costs associated with treating these two 
groups of patients were first calculated to-
gether, then separately. Given that the efficacy 
of the treatment differs between these two 
populations and that pure occult ARMD is not 
yet an approved therapeutic indication, we 
wanted to be able to predict the cost-utility ra-
tios for all cases involving only predominantly 
classic neovascular ARMD and for PDT-
treatable cases of ARMD (i.e., with predomi-
nantly classic or pure occult neovasculariza-
tion).  
 
The Markov-type model is especially suited 
for this type of evaluation. A Markov model is 
useful when the risk of occurrence of the dis-
ease is continuous in time and when the clini-
cal outcomes can occur several times [Son-
nenberg and Beck, 1993]. A Markov model 
assumes that a patient is always in a well-
defined state of health. The clinical outcomes 
are the passage from one state to another. 
 
The states chosen for this model are the loss 
of three lines of vision or the non-loss of three 
lines a vision. A patient can go from one state 
to another. However, even if randomized stud-
ies found that visual acuity increased after 
treatment in about 5% of the patients 
[Bressler, 2001], this state was not an assump-
tion, since such improvement in visual acuity 
should not lead to changes in patient man-
agement costs.  
 
10.2 DATA SOURCES 
 
A review of the scientific literature identified 
the main ARMD incidence and prevalence 
data relating to PDT treatment. The economic 
data are mainly from the Institut Nazareth et 
Louis-Braille. The data on the equipment 
needed for PDT treatment (laser and camera 
for angiography) were obtained from the dif-
ferent companies that sell these products 
(Opal PhotoactivatorTM, Visudyne®), and com-
panies that sell digital cameras. The data on 
the population and the demographic trends  
in Québec are from Statistics Canada and the 

Institut de la statistique du Québec. Lastly,  
two retinologists were consulted for the pur-
pose of confirming the data that were to be 
used. 
 
10.3 EPIDEMIOLOGICAL DATA  
 
The epidemiological data needed for the 
model are the incidence data for individuals 
with more than 50% classic or 100% occult 
subfoveal neovascular ARMD. The incidence 
data are used to determine the number of 
Quebecers who have the disease in one eye, 
but also to determine the number of patients in 
whom it will occur in the fellow eye. 
 
The 2-year cumulative incidence data for 
ARMD for each age group are used as the 
starting point (Table 6). 
 
If we apply the ARMD incidence data to all 
Quebecers over the age of 55, we find 4,152 
new cases for a single cohort over a period of 
two years. These people may have atrophic or 
neovascular ARMD. However, only those 
with neovascular ARMD can be treated with 
PDT, or about 47% [Margherio et al., 2000] of 
the above-mentioned individuals (1,951 of 
these 4,152 patients). 
 
Neovascular ARMD can be extrafoveal, juxta-
foveal or subfoveal. In this study, we are in-
terested in the subgroup of patients with sub-
foveal lesions. Approximately 83% of patients 
with neovascular ARMD are in this subgroup 
[Margherio et al., 2000], which works out to 
1,619 of these 1,951 patients. 
 
Subfoveal neovascular membranes can be of 
the classic or occult type. PDT treatment is in-
tended for patients whose lesions include 
more than 50% classic new vessels. It should 
be noted that 65% of patients with subfoveal 
neovascular ARMD have classic neovascu-
larization, or 1,053 of these 1,619 patients. 
Lastly, 66% of these lesions contain more 
than 50% classic membranes, or 695 of these 
1,053 patients. Photodynamic therapy can also 
be administered to patients with pure occult 
neovascularization. This subgroup accounts 
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for 35% [Margherio et al., 2000] of the cases 
of subfoveal neovascular ARMD, or 567 pa-
tients. According to these calculations, there 
would be an indication for PDT treatment for 
1,261 patients with ARMD in at least one eye 
for a single cohort in Québec over a period of 
two years.  
 
Furthermore, the probability of the disease oc-
curring in the fellow eye (regardless of the 
form of ARMD) is about 15% per year for the 
entire ARMD population. This probability is 
cumulative each year. In other words, a group 
of patients with ARMD in one eye has a 15% 
risk of developing ARMD in the fellow eye 
the first year following the onset of the dis-
ease. If they do not develop ARMD in the fel-
low eye the first year, they will have a 30% 
risk of developing it in the healthy eye the 
second year following onset of the disease. 
Thus, in four years, a group of people with 
unilateral ARMD will have a 60% risk of de-
veloping the disease in the fellow eye [Lacour 
et al., 2002; MPS Group, 1997].  
 
10.4 EFFICACY OF 
PHOTODYNAMIC THERAPY AS 
MEASURED IN TERMS OF QUALITY 
OF LIFE  
 
The efficacy of PDT is first calculated in 
terms of the loss or non-loss of three lines of 
vision on an ETDRS chart. The loss of three 
lines of vision has different repercussions,  
depending on the initial visual acuity. It can 
be considered that for a person with poor vis-
ual acuity, losing three lines of vision would 
be more problematic than if his/her initial vis-
ual acuity were good. The utility of PDT 
therefore greatly depends on the visual acuity 
in the better-seeing eye. 

The decision to measure the efficacy of 
photodynamic therapy in terms of quality-
adjusted life-years (QALYs) has to do with 
the fact that the clinical outcome depends on 
the initial visual acuity, not only on the loss or 
non-loss of three lines of vision. It will be re-
called that, in our model, the patient may  
 

onlylose lines of vision or maintain the same 
visual acuity. 
 
The utility of PDT associated with a loss of 
vision due to age-related macular degenera-
tion can be calculated by different methods. 
Brown et al. [2000a; 2000b] assessed the 
utility of PDT using two different methods: 
time trade-off and standard gamble. Although 
there seems to be no consensus as to which 
method should be used, the time trade-off 
method yields the most comparable results to 
those obtained by direct evaluation 
[Bleichrodt and Johannesson, 1997]. 

To derive the utility of PDT in our model, we 
utilized the time trade-off method. By means 
of interviews, Sharma et al. [2001; 2000] ex-
tracted sociodemographic data on the ARMD 
population. They then asked these patients 
how many more years they thought they 
would live and how many years of life they 
would be willing to sacrifice to have perfect 
vision again. 
 
The utility that a given patient derives from 
the treatment is equal to [1 - (the proportion of 
his/her life expectancy that he/she would be 
willing to swap for perfect vision)]. For ex-
ample, for a patient who thinks he is going to 
live for another 20 years and who is willing to 
sacrifice two years of his life to get perfect vi-
sion, the utility would be 0.98. He would 
therefore be willing to sacrifice 10% of his 
life expectancy to get perfect vision. 
 
Since our analysis is based on a dichotomous 
outcome (loss or non-loss of three lines of vi-
sion), we indicate, in Table 7, the utility asso-
ciated with PDT according to the visual acuity 
for each of these outcomes. 
 

                                                      
8. The calculation for this utility is 1 (which corresponds to 
maximum quality of life) - (2/20), or the number of years of life 
the patient is willing to sacrifice to get perfect vision divided by 
the number of years that he/she has to live. The utility is 0.9 = 
1 - (2/20). 
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TABLE 6 

TABLE 7 

 
 

2-year cumulative incidence of ARMD in the population by age group 

AGE GROUP 2-YEAR CUMULATIVE INCIDENCE OF 
ARMD IN THE POPULATION (%) 

ANNUAL INCIDENCE OF ARMD  
IN THE POPULATION (%)* 

55-64  0.10† 0.050 

65-74  0.15 0.075 

75-84  0.61 0.305 

85 and over 1.75 0.875 

Total (55 and over) 0.24 0.120 
 

Sources: Klaver et al., 2001; Mitchell et al., 2002; Klein et al., 1997. 
 
* For the purposes of this analysis, the annual incidence is the 2-year cumulative incidence divided by 2. 
† In the study by Klaver et al. [2001], the 2-year cumulative incidence for the 55-to-64 age group was 0.00% (this study did not include any 
subjects in this age group). In our analysis, we therefore estimated a 2-year incidence rate from the Beaver Dam and Blue Mountains stud-
ies, in which the cumulative incidence was calculated over five years.  
 
 
 
 
Utility associated with the loss or non-loss of three lines of vision by visual acuity 

VISUAL ACUITY IN THE  
BETTER-SEEING EYE 

UTILITY ASSOCIATED WITH THE LOSS  
OF THREE LINES OF VISION 

UTILITY ASSOCIATED WITH THE  
NON-LOSS OF THREE LINES OF VISION 

6/12 0.57 0.81 

6/60 0.40 0.52 

 
Source: Sharma et al., 2001.  

 
 
10.5 ECONOMIC DATA  
 
The economic data include different types of 
costs, specifically, the costs directly associ-
ated with the treatment and the costs associ-
ated with managing an ARMD patient. 
 

The costs associated with the treatment in-
clude the cost of a visit to an ophthalmologist 
and a retinologist, the cost of angiography, the 
cost of photodynamic therapy as such, and the 
cost of managing people with poor vision. The 
costs associated with the no-treatment option 
include the cost of the first visit to an oph- 
 

thalmologist and a retinologist, the cost of an-
giography and the cost of managing people 
with poor vision. The clinical management 
scenarios that were used to calculate the total 
cost are presented in Table 8. 

 
10.5.1 Cost of the first visit and  
follow-up visits  
 First visit to an ophthalmologist: $33. 

 First visit to a retinologist: $31. 

 Follow-up visit to the retinologist (plus the 
reading of an angiogram): $60. 
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TABLE 8 
 
 

Treatment modalities for patients with predominantly classic or pure occult ARMD (1st eye only) for 
the first four years 

 TREATMENT OPTION NO-TREATMENT OPTION 

Diagnosis 1 visit to an ophthalmologist 
1 visit to a retinologist 
1 angiogram 

1 visit to an ophthalmologist 
1 visit to a retinologist 
1 angiogram 

Treatment 3.4 treatments* the 1st year 
2.1 treatments the 2nd year 
1 treatment the 3rd year 

3.4 visits to a retinologist, including an  
angiogram the 1st year 
2.1 visits to a retinologist, including an  
angiogram the 2nd year 
1 visit to a retinologist, including an  
angiogram the 3rd year 
 

Follow-up 4 follow-up visits† the 1st year 
4 follow-up visits the 2nd year 
2 follow-up visits the 3rd year 
1 follow-up visit the 4th year 

4 follow-up visits the 1st year 
4 follow-up visits the 2nd year 
2 follow-up visits the 3rd year 
1 follow-up visit the 4th year 

 
* Each treatment includes a visit to a retinologist, an angiogram and photodynamic therapy. 
† The follow-up visit can be done at the same time as the treatment visit. 
 
10.5.2 Unit cost of an angiogram  
 
The unit cost of an angiogram is based on a 
mean cost that includes the amounts paid to or 
for a technician (accredited or nonaccredited 
medical photographer), a nurse, a digital cam-
era, a vial of fluorescein and a butterfly for in-
jecting the fluorescein, and the cost of devel-
oping the photographic film. One must also 
include the purchase of emergency equipment 
(defibrillator, intubation equipment, oxygen, 
resuscitation drugs) in the event of a severe 
reaction during the test. The unit cost includes 
the amortization of the digital camera, which, 
alone, can cost between $60,000 and 
$180,000. However for a given number of an-
giograms performed, the difference between 
the different costs of a digital camera will 
cause very little variation in the unit cost of a 
single angiogram. Variation in the number of 
angiograms performed will therefore have a 
greater impact on the magnitude of the unit 
cost. Lastly, one should add the cost of renting  
space where photodynamic therapy is pro-
vided (about 14 m2) and the cost of managing 
the case. In short, the per-test cost variations 
will depend mainly on the number of exami-

nations. The estimate of the mean unit cost of 
an angiogram is based on the mean unit cost at 
a private clinic and at a hospital. 
 Mean unit cost of an angiogram: $429  

 
10.5.3 Unit cost of photodynamic  
therapy 
 
The cost of photodynamic therapy per se in-
cludes the cost of the laser and of the verte-
porfin (Visudyne®). The unit cost of PDT also 
includes the cost of amortizing the laser, al-
though this cost is small, given the large num-
ber of treatments that can be expected. The la-
ser is amortized over a period of 10 years, and 
this cost accounts for only one hundredth of 
the unit cost of photodynamic therapy. These 
costs apply to each PDT treatment performed. 
 Cost of a vial of verteporfin (Visudyne): 

$1,750.  

 The unit cost of amortizing the laser, rent-
ing space and paying the nursing staff or 
technicians: $79.  

 Retinologist's fees: $150. 
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10.5.4 Cost of patient management  
 
The cost of managing people with poor vision 
largely depends on the level of visual disabil-
ity. A patient with ARMD in one eye will 
probably not require rehabilitation, as long as 
he/she can compensate with the other eye. A 
patient with bilateral ARMD whose vision is 
deteriorating may be placed in a centre for 
semiautonomous or nonautonomous persons, 
be hospitalized or receive care at home. Ap-
pendix G summarizes the levels of visual acu-
ity considered in this report and their relation-
ship with the degree of disability. 
 
The services received by patients with ne-
ovascular ARMD are generally provided by 
visual impairment rehabilitation workers. The 
latter can provide support for the activities of 
daily living, teach Braille or provide computer 
rehabilitation. Other services are offered as 
well, such as psychology, counselling and 
mobility assistance services. The patient man-
agement costs are presented according to three 
levels of visual acuity and reflect a change in 
autonomy in relation to the patient's initial 
visual acuity. In addition, it should be noted 
that, regardless of the patient's visual acuity, 
these costs vary widely. 
 
The data used in the analysis are from the In-
stitut Nazareth et Louis-Braille. The mean 
figures presented in this report therefore fol-
low a uniform distribution in the model. They 
are the costs for one year. Given that they are 
mean values, the mean cost for the first year is 
the same as the cost for the fourth year of pa-
tient management. However, a patient can go 
from a low-management situation to a me-
dium- or even high-management situation. It 
should also be noted that, in Québec, there are 
no programs for systematically managing all 
ARMD patients. Since we do not know what 
proportion of individuals with ARMD are not 
being managed by the system, the scenario 
chosen is rather pessimistic in terms of costs, 
since it includes the systematic management 
of all legally blind individuals with ARMD 
(Appendix G). It will be noted that the range 
has been established solely for the purposes of 
the sensitivity analyses. 

10.5.5 Annual unit cost of patient  
management 

 Low: $2,500 (range: $1,250 to $3,750). 

 Moderate: $3,500 (range: $1,750 to 
$5,250). 

 High: $40,000 (range: $20,000 to 
$60,000). 

 
10.6 PLAN OF ANALYSIS  
 
The estimate of the anticipated costs and ef-
fects of each strategy was obtained by adding 
the products of the probabilities and respec-
tive cost and effect values. The mean cost-
utility ratios were used to assess the no-
treatment option in relation to the treatment 
option. The incremental cost-utility ratio 
[(cost of the treatment option minus the cost 
of the no-treatment option) / (effects in the 
treatment option minus the effects in the no-
treatment option)] was used for the incre-
mental analysis of the efficiency of photody-
namic therapy. These ratios were first calcu-
lated for the population of patients with 
predominantly classic neovascular ARMD, 
then calculated again for all PDT-treatable pa-
tients (i.e., those with predominantly classic 
neovascular ARMD and those with pure oc-
cult neovascular ARMD). 
 
The results were presented according to a so-
cietal perspective. The utility values were de-
rived from a familial perspective (i.e., the per-
spective of each individual with ARMD), and 
the costs were derived from a health-care sys-
tem perspective. We did not take into account 
the dollar cost of travel and waiting time for 
the examinations, treatments and other care 
from a familial perspective, since these costs 
are reflected, in part, in the utility derived 
from the treatment for each individual, but we 
did take into account the life expectancy of af-
fected individuals. 
 
Given the time horizon in our analysis (eight 
years), we discounted the costs and effects us-
ing a basic discount rate of 3%.  
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10.7 SENSITIVITY ANALYSES  
 
For comparative purposes with other studies, 
we first performed a univariate analysis to  
examine the effect of different discount rates 
on the results. The Canadian Coordinating  
Office for Health Technology Assessment 
(CCOHTA) recommends that results be pre-
sented without discounting (0%) and with dis-
counting (3% [reference model] and 5%). We 
then simulated the effects on the incremental 
cost-utility ratio of earlier diagnosis in ARMD 
patients. 
 
The extreme values for 58 input variables are 
presented in Appendix H. To calculate these 
extreme values, we divided or multiplied by 
1.5 the rates for the epidemiological parame-
ters, as well as the number of treatments and 
follow-up visits in the reference model and the 
patient management costs.  
 
To take into consideration the relative impor-
tance of the various input parameters on the 
results, a Monte Carlo-type dynamic sensitiv-
ity analysis was performed using the Crystal 
Ball 2000 software program (a product of De-
cisioneering Inc.). This analysis yielded 95% 
confidence intervals for the costs, efficacy and 
cost-utility ratio. This type of simulation exe-
cutes the model numerous times (1,000 times 
in our analysis), by simultaneously modifying 
the values for the 58 variables on the basis of 
a predefined probability distribution. 
 
This approach provides a distribution of sam-
ples and, therefore, descriptive values (mean, 
median, maximum, minimum and probability 
distribution) that are used to analyze the re-
sults. The variables, their intervals and their 
predefined distributions are presented in  
Appendix H. 
 
10.8 RESULTS  
 
This model shows that the efficacy of the 
treatment in terms of the non-loss of vision is 
mainly (85%) situated in the first two years 
following the start of treatment. The model 
also shows that the treatment of predomi-

nantly classic subfoveal ARMD with photo-
dynamic therapy yields better results when the 
patient's initial visual acuity is relatively good. 
Given that our model examines the treatment 
of both eyes, it yields more optimistic results 
in terms of the non-loss of vision than a model 
that only examines the treatment of the fellow 
eye. 
 
The model shows that the effects on quality of 
life take on importance over time. It will be 
noted that the randomized studies of photody-
namic therapy have shown that this treatment  
has sustained efficacy over time [VIP Study 
Group, 2001; TAP Study Group, 1999]. Once 
vision loss is slowed, the effects in terms of 
quality of life automatically persist over time. 

The treatment itself is rather expensive, with 
verteporfin accounting for the major portion 
of the cost. However, the cost of managing a 
patient after visual loss has occurred is higher 
than the cost of the treatment as such. Thus, a 
growing increase in the number of legally 
blind patients who require a greater level of 
management would result in a heavier burden 
to society. This is particularly clear in the no-
treatment option, in which there are higher pa-
tient management costs associated with a 
greater loss of vision. One major advantage of 
the treatment is, therefore, the management 
costs avoided.  
 
In brief, the incremental cost-utility ratio per 
QALY for a patient with predominantly clas-
sic subfoveal ARMD who has been treated by 
PDT is $33,880 per QALY (3% discount rate) 
over an 8-year time horizon (Table 9). For a 
2-year time horizon, the incremental cost-
utility ratio is $102,332 for each QALY asso-
ciated with photodynamic therapy compared 
to no treatment. This difference is due mainly 
to two factors: the treatment of both eyes is 
not completed, which leads to a lower level of 
benefits in terms of efficacy, and essentially 
zero patient management, which reduces the 
financial benefits of photodynamic therapy. 
 
If patients with pure occult ARMD are added 
to this group, the cost-utility ratio increases to 
$43,253 per QALY (3% discount rate) over an 
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8-year time horizon (Table 9). For a 2-year 
time horizon, the cost-utility ratio increases to  
$95,625 per QALY. The difference between 
the cost-utility ratios (when one takes into ac-
count only patients with predominantly classic 
neovascular ARMD or when patients with 
pure occult ARMD are included with this 
group of patients) is due mainly to the fact 
that the benefits of PDT for patients with pure 
occult neovascularization are not as great the 
first year [VIP Study Group, 2001]. In other 
words, the benefits of PDT in terms of the 
non-loss of vision appear sooner in the sub-
group with predominantly classic neovascular 
ARMD. 
 
It is important to bear in mind that the time 
horizon in our model is only eight years 
(maximum duration of treatment for both 
eyes), whereas patient management costs con-
tinue well beyond that point. 
 
10.8.1 Results of economic analyses 
performed in other studies  
A number of other studies have performed 
economic analyses of photodynamic therapy 
for the treatment of ARMD. However, these 
studies used methods different from the one 
that we used in our study, which makes com-
parisons quite difficult. This very delicate ex-
ercise is intended only to give a general idea 
of the results obtained. But these analyses 
cannot, under any circumstances, be used to 
make precise comparisons with the results 
presented in this report. 

The study carried out by the National Institute 
for Clinical Excellence (NICE) [2003], which 
is based primarily on the data presented in the 
study by Meads et al. [1997], gives a cost-
utility ratio of $365,945, which was dis-
counted at a rate of 3%, over a 2-year period, 
compared to $102,332 in our study over the 
same length of time. The study by Sharma et 
al. [2001] gives a cost-utility ratio of $67,109 
and $134,177, respectively, for patients with a 
visual acuity of 6/12 and 6/60 in the better-
seeing eye at the start of treatment. The results 

of Sharma's study concern an 11-year period 
and are discounted at a rate of 3% 

The main difference between Sharma's study 
and ours is mainly the fact that Sharma does 
not include the substantial cost of the avoided 
patient management. As for the NICE study, 
the analysis is based on a decision tree that as-
sumes that patients receive one to eight treat-
ments in two years. The costs associated with 
the treatments are therefore very high, while  
few benefits are achieved during the first two 
years. Furthermore, these two studies only 
take into account the treatment of one eye, not 
of both eyes. 

The study performed by Smith et al. in 2002 
concerned the treatment of only one eye and 
extended over a period of five years. The cost-
utility ratio per QALY was $53,374 to 
$104,336, depending on the initial visual acu-
ity in the better-seeing eye. The study did not 
take into account the cost of managing ARMD 
patients, which can explain, in part, the higher 
cost-utility ratio. However, the study does 
conclude that early intervention can yield  
acceptable cost-utility ratios [Smith et al., 
2002]. The importance of early detection, 
which improves the cost-utility ratios, is there-
fore emphasized.  

Lastly, the study conducted by Lees et al. in 
2002 reports an incremental cost- utility ratio 
of $20,360 to $30,593 per year of vision 
gained, which is a different indicator from the 
one we used in our analysis. Although these 
authors did not use the same indicator, the ra-
tios they obtained are comparable to those we 
obtained in our analysis. The main reason for 
this is that this study takes into account the 
avoided management costs. The study con-
cludes that photodynamic therapy with verte-
porfin photosensitizer is a good, cost-effective 
option for treating predominantly classic ne-
ovascular ARMD [Lees et al., 2002]. How-
ever, it is important to note that the results of 
the studies by Smith [2002] and Lees [2002] 
have only been presented at conferences and 
have yet to be published in a scientific journal. 
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TABLE 9 

Cost-utility ratio for the PDT-treatment option over eight years at a discount rate of 3% for a cohort 
of new cases of predominantly classic or pure occult neovascular ARMD  

 COST EFFICACY/QALY* INCREMENTAL  
COST-UTILITY RATIO † 

No treatment – 8 years  
Predominantly classic 

$494,112 44 

Treatment with PDT – 8 years 
Predominantly classic 

$664,085 49 

$33,880 

No treatment – 8 years 
Predominantly classic and pure occult 

$826,138 85 

Treatment with PDT – 8 years 
Predominantly classic and pure occult 

$1,136,654 92 

$43,253 

 
* QALY: Quality-adjusted life-year. † Incremental cost-utility ratio = (cost of the treatment option - cost of the no-treatment option) - 

(treatment option QALY – no-treatment option QALY). 
 
10.8.2 Budget impact  
 
We can deduce the direct budget impact of 
photodynamic therapy if it were to be offered 
to all Quebecers who qualify for it. We chose 
to calculate this budget impact for two differ-
ent scenarios. 
 
In the first scenario, the budget impact analy-
ses estimate the cost for the cohort of preva-
lent cases in Québec. Here, the budget impact 
is the catch-up cost for ARMD patients and 
includes those cases that are already being 
managed. In the second scenario, the budget  
impact analysis estimates the cost of a given 
steady-state year. In other words, it takes sev-
eral cohorts into account but only calculates 
the cost of an average year. The cost is there-
fore for a specific year, a cross-section in 
time, for the cohorts of incident cases in the 
years to come. 
 
This first budget impact is the amount spent 
for Quebecers who presently have predomi-
nantly classic or pure occult subfoveal ne-
ovascular ARMD and concerns the scenario 
where the entire ARMD population is pres-
ently being treated, but where the incident 
cases are not take into account. Based on the 
figures arrived at in Section 4.3, the cohort 
consists of 15,958 affected individuals. The 
cohort of prevalent cases receives the first 

treatment during year 1. The time horizon for 
this budget impact is eight years, or the point 
at which the entire cohort of prevalent cases in 
the population would have completed their 
treatment. This scenario is the one with the 
greatest budget impact, since it includes all 
the prevalent cases, which are greater in num-
ber than the incident cases. 
 
The budget impact is given with a 95% confi-
dence interval (CI). We simulated the model 
100 times by varying the following parame-
ters: patient management costs, the incidence 
of the disease, the number of treatments and 
follow-up visits, and efficacy in terms of the 
loss or non-loss of three lines of vision. In this 
scenario, in which we use a discount rate of 
3%, it would cost an average of $60.9 million 
per year, or $487 million for the entire cohort 
for the next eight years (95% CI: $314 million 
to $710 million) to treat all the patients who 
presently have ARMD and who are eligible 
for photodynamic therapy. On the other hand, 
the avoided patient management costs in the 
no-treatment option would be $43.6 million a 
year, or $348.6 million for the entire cohort of 
prevalent cases over an 8-year period (95% 
CI: $150 million to $685 million). The mean 
net cost of photodynamic therapy for the next 
eight years would be $17.3 million, or $148 
million for the entire cohort.  
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The second budget impact analysis estimates 
the cost for a single year when several cohorts 
of incident cases are considered. Figure 12 
clearly shows this situation:  
 
The budget impact of an average year of treat-
ment is $1.14 million (95% CI: $0.6 million to 
$2.5 million). This same average year with the 
no-treatment option would cost $0.8 million 
(95% CI: $0.3 million to $2 million). The net 
budget impact is $0.3 million. 
 
FIGURE 12 
 

Budget impact in steady-state conditions 
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The most important benefit of PDT is that it 
slows the progression of the disease, thereby 
stabilizing the patient's visual acuity. Without 
this treatment, the patient will lose his/her 
central vision and will be at high risk of no 
longer being able to perform many of his/her 
activities of daily living. In most cases, these 
patients will have to be managed by society, 
this process ranging from the provision of or-
dinary reading aids to complete management 
in a residence for nonautonomous persons. 
 
As mentioned earlier, it is extremely impor-
tant to bear in mind that the cost of patient 
management depends greatly on the level of 
visual impairment. At the present time, 45% 
of patients with unilateral ARMD have a 
mean visual acuity of less than 6/60 when 
they visit a retinologist, that is, when they are 
legally blind in one eye [Margherio et al., 
2000]. Given that these patients are followed 

for this eye, the chances of early detection of 
the disease in the fellow eye are better, which 
makes it possible to preserve good visual acu-
ity in at least one eye. When the patient has 
good vision in at least one eye, management is 
uncomplicated and may simply involve the 
use of a magnifying glass or a cane, or consist 
of a few hours of rehabilitation. However, pa-
tients who are not followed for the fellow eye 
will probably be legally blind upon their first 
visit to a retinologist. In such cases, the man-
agement is complicated and the cost is high. 
 
Given that photodynamic therapy reduces the 
likelihood of patient management, thanks to 
close monitoring of the fellow eye, it helps re-
duce the related costs. Furthermore, early 
ARMD screening should prevent severe bilat-
eral vision loss and therefore avoid the sub-
stantial cost of managing legally blind patients 
or those with severe vision loss.  
 
10.9 SENSITIVITY ANALYSES  
 
10.9.1 Univariate analysis 
 
At first, the univariate analysis concerns the 
sensitivity of the results to variation in the 
discount rate. The incremental cost-utility ra-
tio per QALY for a patient with predomi-
nantly classic subfoveal neovascular ARMD 
treated with PDT is $30,054 if there is no dis-
counting, $33,880 with a discount rate of 3%, 
and $36,344 with a discount rate of 5%. If pa-
tients with pure occult neovascular ARMD are 
included, we obtain an incremental cost-utility 
ratio per QALY of $32,331 if there is no dis-
counting, $43,253 with a discount rate of 3%, 
and $54,879 with a discount rate of 5%. 
Therefore, our results are not very sensitive to 
variations in the discount rate. 
 
We also wanted to examine the effect of ear-
lier diagnosis on the incremental cost-utility 
ratio in terms of QALYs. Since most of the 
benefits are expressed in terms of quality of 
life, we wanted to simulate the impact of an 
earlier diagnosis leading to better visual acuity 
during the patient's first visit to a retinologist. 
Assuming that 10% of the ARMD population 
has better initial visual acuity in an early-
screening setting, the incremental cost-utility 
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ratio decreases from $33,880 per QALY to 
$20,701 per QALY. If patients with pure oc-
cult neovascularization are included, the in-
cremental cost-utility ratio per QALY drops 
from $43,253 to $22,813. To simulate an in-
crease in initial visual acuity in 10% of the pa-
tients, one must increase the proportion of the 
population with better visual acuity and de-
crease the proportion of the population with 
lower initial visual acuity. 
 
There are two reasons for this improvement in 
the ratios. First, PDT is more effective when 
the initial visual acuity is better. Second, with 
better initial visual acuity, the likelihood of 
severe cases (legal blindness) is greatly dimin-
ished, which translates into lower patient 
management costs, especially in patients with 
pure occult ARMD, in whom the benefits in 
terms of the non-loss of vision appear later. 
The likelihood of managing mild cases is in-
creased, but this cost would be much lower.  
 
10.9.2 Multivariate analysis 
 
Appendix I shows the results of the multidi-
mensional simulation of the 58 parameters 
(presented in Appendix H) for the incremental  
 
 

cost-utility ratio with a 95% confidence inter-
val. Each point on the graph represents the re-
sult of one simulation. The vertical axis repre-
sents the incremental cost and the horizontal 
axis, efficacy in terms of quality-adjusted life-
years gained.  
 
Most of the results are situated in the upper 
right quadrant, the quadrant where photody-
namic therapy improves the quality of life but 
is more expensive than the no-treatment op-
tion. However, it should be borne in mind that 
the cost of patient management is underesti-
mated in our analysis, since the analysis time 
line is only eight years, whereas the manage-
ment costs continue well beyond the number 
of years required for treatment. The cost-
utility ratio quartiles are shown in Table 10. 
 
The result in the reference scenario in terms of 
the incremental cost-utility ratio is comparable 
to the median obtained in the dynamic Monte 
Carlo analysis. In other words, our analysis 
seems very robust with regard to the probabil-
ity of the events occurring. 
 
 
 

TABLE 10 

Descriptive statistics from the multivariate analysis 

QUARTILE INCREMENTAL COST-UTILITY RATIO  
(PREDOMINANTLY CLASSIC NEOVASCULAR ARMD ONLY) 

25% $14,153/QALY 

50% $32,631/QALY 

75% $57,034/QALY 

95% $60,857/QALY 

 QUARTILE INCREMENTAL COST-UTILITY RATIO  
(CLASSIC AND OCCULT NEOVASCULARIZATION) 

25% $15,421/QALY 

50% $44,085/QALY 

75% $57,793/QALY 

95% $79,578/QALY 
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11 DISCUSSION 

 
The efficacy of photodynamic therapy with 
verteporfin photosensitizer in patients with 
predominantly classic subfoveal ARMD was 
demonstrated in the two rigorous, randomized 
studies (TAP and VIP) that serve as the basis 
of our analysis. In this section, we shall  
discuss the results obtained by other assess-
ment agencies and the economic and organ-
izational aspects of this therapeutic modality 
in Québec.  
 
11.1 RESULTS OBTAINED  
BY OTHER TECHNOLOGY 
ASSESSMENT AGENCIES  
 
In September 2000, the SMM (Norwegian 
Centre for Health Technology Assessment) 
published an assessment report on the efficacy 
of PDT in the treatment of ARMD. The report 
concludes that this technology is more effec-
tive for treating patients with subfoveal ne-
ovascular ARMD [SMM, 2000]. It should be 
noted that, when this report was published, the 
data from the first year of the TAP study had 
just been published. In August 2001, the Aus-
tralian assessment agency, the Medical Ser-
vices Advisory Committee (MSAC), recom-
mended in its assessment report that, in 
Australia, public funds only cover the treat-
ment of patients with predominantly classic 
neovascular ARMD [MSAC, 2001]. In Sep-
tember 2001, the Agence nationale d'accrédi-
tation et d'évaluation en santé (ANAES) came 
to the same conclusion [ANAES, 2001]. It 
should, however, be noted that when these as-
sessment reports were being drafted, the find-
ings of the VIP study were not yet available. 
Furthermore, these reports do not contain any 
economic analyses. 
 
In September 2003, the British agency, the 
National Institute for Clinical Excellence 
(NICE), published an assessment report on 
PDT as a treatment for ARMD. The authors of 
this report did not, however, assess the effi-
cacy of PDT in patients with pure occult ne-
ovascularization. There are two parts to the 

report: an assessment of the efficacy of this 
therapeutic modality and an economic analy-
sis. As regards the efficacy of PDT, NICE 
concludes that it is effective in slowing the 
progression of ARMD in two categories of pa-
tients: those with 100% classic neovascular 
lesions with no occult neovascularization9 and 
those with more than 50% classic neovascular 
lesions. However, their economic analysis in-
dicates that this treatment has a good cost-
effectiveness ratio only for classic neovascular 
lesions with no occult component. For these 
reasons, NICE recommends that PDT be used 
only for this form of ARMD [NICE, 2003]. 
However, its economic study did not take into 
account the cost of managing patients with 
poor vision.  
 
11.2 SIGNIFICANCE OF THE 
RESULTS OF THE ECONOMIC 
ANALYSIS 
 
The economic analysis yields a favourable re-
sult. Based on the grid used by Laupacis et al. 
[1992], this treatment is at the borderline of 
recommendation category B: strong evidence 
in favour of adopting this new technology 
(Appendix J). 
 
This analysis does have some weaknesses, in 
particular, the obligation for the patient who 
commences treatment to continue with it to 
the very end, except in the case of death. A 
patient may therefore not voluntarily discon-
tinue the treatment once he/she has been diag-
nosed. This weakness is attenuated by the fact 
that studies show that only 1.7% of patients 
stop treatment because of adverse effects 
[TAP Study Group, 1999]. 
 

                                                      
9. The authors of the NICE report use the term ARMD with 
100% classic neovascularization with no occult neovasculariza-
tion, whereas the authors of the TAP and VIP studies use the 
term ARMD with predominantly classic neovascularization with 
no occult neovascularization [Bressler, 2001; VIP Study Group, 
2001]. 
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Furthermore, since the patient is closely fol-
lowed from the onset of ARMD in the first 
eye, if the disease appears in the fellow eye, 
the visual acuity prognosis should be better 
than when the disease was detected in the first 
eye. However, for first-time patients with bi-
lateral ARMD, this is no guarantee of better 
visual acuity in the fellow eye. The model 
does not take into account patients who seek 
medical attention when they have bilateral 
ARMD the first year. 
 
Another weakness of the study was that the 
decision to retreat was based on the interpreta-
tion of the angiogram, specifically, by the 
ability to accurately identify the type of 
ARMD. Thus far, no study has determined the 
reliability and reproducibility of this interpre-
tation between different retinologists. In addi-
tion, the merits of including or excluding from 
the model additional treatments when the pa-
tient's visual acuity has been stabilized or is 
diminishing despite PDT have not been estab-
lished, since there is not enough evidence. 
 
Lastly, the patient management data also vary 
according to the amount of time that has 
passed since the first diagnosis of ARMD. 
New patients require many more services dur-
ing the first year following diagnosis than pa-
tients who have had the disease for several 
years. The difference can therefore be consid-
erable if all of these cases are taken into ac-
count. Furthermore, a large percentage of 
ARMD patients suffer from depression due to 
their vision loss. These costs cannot be esti-
mated directly in the economic analysis, but 
they should be taken into account. The de-
pression calculation is, however, taken into 
consideration in terms of the loss of utility, 
since depression is included in the time trade-
off model.  
 
11.3 CAPACITY OF THE HEALTH-
CARE SYSTEM AND ACCESS TO 
PHOTODYNAMIC THERAPY  
 
In 2002, in Québec, about 33 retinologists 
were able to administer photodynamic therapy 
to ARMD patients, but only 15 of them did so. 

Québec's main urban centres (Montréal, Qué-
bec City and Sherbrooke) are home to most of 
these retinologists and most of the necessary 
facilities. It should also be noted that, based 
on information provided by a representative of 
the manufacturer of verteporfin, some oph-
thalmologists—fewer than five, all of whom 
are in regional practice—administer PDT as 
well.  
 
Each retinologist performed about 40 to 50 
PDT treatments a month, which works out to 
about 7,400 treatments a year for all the reti-
nologists concerned. This number of treat-
ments does not, however, correspond to the 
number of patients treated, since, as it will be 
recalled, a given patient receives an average of 
three treatments the first year following diag-
nosis and several others during the subsequent 
years. The number of treatments administered 
in Québec was well below the number of 
ARMD patients eligible for PDT (see Section 
10.3) 
 
Based on information obtained from the com-
pany Coherent-AMT in 2002, there were  
15 lasers (Opal Photoactivator™) in different 
parts of Québec. Technically, treatment time 
with the device is about 20 minutes. Even if 
the instrument can be used nearly continu-
ously for an almost unlimited amount of time, 
it is obvious that a retinologist would find it 
difficult to devote all of his/her time just to 
patients with ARMD. However, with a certain 
amount of calibration, the instrument could 
potentially be moved from one physical loca-
tion to another. It would therefore be possible 
for several other specialists to share an in-
strument, which could increase the number of 
treatments performed. 
 
In 2003, one university hospital reduced its 
Visudyne® budget by about 60%10. Only com-
plex cases are treated there, while the less 
complex cases are referred to private clinics. It 
is very important to note that, despite the sav-
ings realized by the hospitals concerned, these 
measures lead to additional costs to the pa-

                                                      
10. Based on information provided by the MSSS (personal 
communication, June 8, 2004).  
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tients, since the physicians who perform this 
procedure at private clinics usually bill them 
for the cost of the medications and anesthet-
ics. The patients must also make a copayment 
to obtain the drug at a pharmacy, which can 
amount to $200 to $839 a year, depending on 
the category of insured. It should be borne in 
mind that this treatment may be dispensed 
every three months for several years. It could 
therefore financially overburden some pa-
tients. On the other hand, to meet the needs of 
ARMD patients, some retinologists have de-
cided to practice in the private sector so as to 
be able to treat them as quickly as possible. 
 
To illustrate the care organization-related 
problems that could prevent patients from be-
ing treated within a reasonable amount of 
time, we conducted, in the summer of 2002, 
an exploratory study using semistructured in-
terviews with seven retinologists in different 
settings: university hospitals, general and spe-
cialized hospitals, and private clinics. In addi-
tion, we contacted ophthalmologists (or recep-
tionists, depending on the physicians’ 
availability at the time of the interview) at 
public and private ophthalmology clinics. 
These clinics are located in several of Qué-
bec's administrative regions. The following is 
a summary of the information obtained during 
these interviews. 
 
According to the interviewees, in general, a 
patient who notices symptoms that might sug-
gest a degenerative eye disease first consults 
an ophthalmologist. Since an ophthalmologist 
does not necessarily have all the expertise re-
quired to determine the exact form of ARMD, 
he/she will often refer the patient to a physi-
cian specializing in the retina. In most cases, 
only retinologists are able to perform the 
treatment. Afterwards, the retinologist must 
determine the exact form of ARMD using 
fluorescein angiography. If this examination 
shows that the patient is eligible for PDT 
treatment, the retinologist should perform the 
treatment within a week. A period of one  
 

week between the angiogram and PDT en-
sures optimal therapeutic efficacy [Bressler, 
2001; TAP Study Group, 1999]. During our 
interviews, a number of individuals reported a 
problem with access to angiography. They in-
dicated that the problem is due mainly to a 
lack of medical imaging personnel, nurses and 
technicians qualified to perform the proce-
dure. In addition, ARMD patients are not the 
only ones who need to undergo angiography. 
 
This points to a certain lag between when a 
patient notices the problem and when he/she is 
treated, which could result in the treatment be-
ing less effective, in a loss of vision and, as a 
result, in substantial costs. Again, based on 
the information obtained during the semistruc-
tured interviews, we reconstructed the typical 
itinerary of an ARMD patient (Figure 13). 
 
The first time period is between the onset of 
the disease and its detection by the patient. 
According to the practitioners who were in-
terviewed, the amount of time in question var-
ies the most. Given that the disease is usually 
unilateral in onset, the patient can compensate 
with the fellow eye and does not necessarily 
notice any symptoms until this eye is affected 
as well. The rate of progression of the disease 
is highly variable as well. 
 
The second time period is between when  
the patient notices the symptoms and the first 
appointment with an ophthalmologist. Vari-
ability in the waiting time could, to a large ex-
tent, be explained by the severity of the symp-
toms experienced or described by the patient 
and the region in which the ophthalmologist 
practices. Naturally, when a patient presents 
with symptoms such as acute pain, hemor-
rhage or a discharge, an ophthalmologist will 
see him/her very quickly. However, a patient 
with ARMD will seldom have such symp-
toms. Some patients may also go through an-
other intermediary, an optometrist or a general 
practitioner, which would now lengthen their 
itinerary. 
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FIGURE 13 

Typical itinerary of a patient with ARMD (information obtained during the 2002 interviews) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The time period between the appointment 
with an ophthalmologist and that with a reti-
nologist varies as well and depends on a num-
ber of factors. The retinologist's symptom se-
verity perception is the main factor contrib-
uting to this variability. Thus, the average wait 
for a first visit with a retinologist is one week 
to about two months when the ophthal-
mologist determines that the patient probably 
has neovascular ARMD. However, at some 
hospitals, when fluorescein angiography has 
not first been performed by an ophthalmolo-
gist, the patient may wait for up to six months 
for his/her appointment. It is important to note 
that ophthalmologists do not systematically 
order an angiogram. Furthermore, some reti-
nologists try to synchronize the patient's an-
giogram and appointment because of a lack of 
access to angiography or because the patient 
lives in a remote area. This can increase wait-
ing times. Several retinologists also told us 
that if a patient presents to the emergency 
room of a hospital with a well-structured oph-
thalmology department, he/she will be seen 
the same day and treated, if eligible, very 
quickly. Lastly, the wait can also vary accord-
ing to the region where the retinologist  
practices. 

 
The last time period that could be improved is 
between the visit to the retinologist and the 
fluorescein angiogram. As a general rule, a 
patient can undergo angiography within two 
weeks after his/her visit to the specialist. 
However, because of the aforementioned lack 
of personnel, the patient may have to wait for 
up to a month for this examination. Lastly, 
photodynamic therapy is usually performed 
within 15 days after the angiogram. 
 
Thus, based on the information obtained, the 
period of time between when a patient notices 
a visual abnormality and when he/she receives 
a first PDT treatment can be quite long. De-
spite the inherent limitations of the method we 
used, it is worth noting that a survey con-
ducted in 2002 by the Fraser Institute among 
general practitioners and specialists tends to 
confirm the waiting times mentioned in our 
interviews. The survey found that, in Québec, 
the average waiting time to see a medical eye 
specialist was 11 weeks and that the average 
wait for ophthalmologic treatment was 
27 weeks (6½ months) [Esmail and Walker, 
2002]. It should, however, be pointed out that 
the survey did not specifically concern 
ARMD. One should also consider the fact that 

   PDT 
Onset  

of the disease 
Detection by 
the patient 

Ophthalmologist Retinologist Fluorescein 
angiography 

A few weeks to a few years 2 weeks to  
6 months

2 weeks to 
6 months 

1 week to 
1 months 

< 15 days 

Optometrist or 
GP

Other options for the 
patient 

Hospital eye emergency room 
(patient seen the same day) 
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ARMD patients generally have to see two 
medical eye specialists (an ophthalmologist 
and a retinologist) before receiving treatment. 
 
To optimally implement this technology will 
therefore require major changes to the organi-
zation of health-care services. There will need 
to be better coordination between ophthalmol-
ogy, retinology and optometry services, and 
between such services and hospitals. 
 
11.4 INCREASE IN THE DISEASE 
IN THE POPULATION  
 
The health services needs of ARMD patients 
will intensify considerably in the coming 
years, since the number of affected individuals 
is steadily on the rise. Several factors are con-
tributing to the increase in the disease in the 
population: the increase in the over-55 popu-
lation, the increase in the incidence of non-
age-related ARMD, and the increase in life 
expectancy. 
 
It is estimated that the over-55 population will 
increase from 1,730,000 in 2002 to 3,170,000 
in 2006 [Institut de la statistique du Québec, 
2003]. Furthermore, in 2002, in Québec, life 
expectancy at birth was 76.33 years for men 
and 81.90 years for women. Life expectancy 
at 65 is 16.45 years for men and 20.35 years 
for women [Institut de la statistique du Qué-
bec, 2002]. Life expectancy in Québec is 
steadily increasing. An ARMD patient may 
therefore have the disease for many years. It 
should also be noted that the incidence of the 
disease is increasing even after the age distri-
bution effect is controlled for. This could be 
explained by several factors, including pollu-
tion, sun exposure and smoking. If all these 
factors are combined, it is estimated that there 
will be three times as many ARMD patients in 
25 years. 
 
The cost of managing ARMD patients who 
have lost their central vision is very high. In 
addition, since there is no systematic process 
for managing such patients, it is difficult to 
accurately determine the number of patients 
concerned or the costs.  

11.5 EARLY DETECTION  
 
As mentioned above, the most important time 
period is generally between the onset of the 
disease and its detection by the patient, in par-
ticular, when only one eye is affected. How-
ever, since ARMD has the potential to pro-
gress rapidly, its early detection could 
considerably reduce the risk of severe, irre-
versible vision loss and the costs associated 
with visual rehabilitation. Some studies tend 
to show this [Bonastre et al., 2003]. 
 
Based on our economic analysis, early screen-
ing could reduce the incremental cost-utility 
ratio from $33,880 per QALY to $22,701 per 
QALY (patients with classic neovascular 
ARMD) and from $43,253 to $20,813 (classic 
and occult neovascular ARMD), which is a 
substantial decrease. The main reason for this 
decrease in the cost-utility ratio is that early 
detection of the disease results in patients re-
ceiving a first treatment when they have better 
initial visual acuity and that, as has been 
shown, photodynamic therapy is more effec-
tive when the patient's visual acuity is good 
[Bressler, 2001].  
 
It is important to add that our analysis only 
examines the costs associated with the reha-
bilitation and management of patients at cen-
tres for semiautonomous or nonautonomous 
persons but does not include the costs associ-
ated with the other symptoms that visual loss 
leads to. Thus, impaired vision may substan-
tially reduce mobility and, as a result, increase 
the risk of fall-related injuries. Ivers et al. 
[1998] found that individuals with neovascu-
lar ARMD have a 70% greater risk of falling 
at least twice in 12 months. As well, visual 
impairments significantly reduce an individ-
ual's ability to perform his/her daily activities, 
which creates anxiety, emotional distress and 
depression [Casten et al., 2004; Williams et 
al., 1998].  
 
Several factors could help promote earlier  
detection of ARMD in the population. In-
creasing patient awareness of the first symp-
toms of the disease, encouraging regular self-
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examination using a valid test, and better de-
tection of ARMD by primary care health pro-
fessionals could be some of the basic compo-
nents of better detection. 
 
11.5.1 Increasing patient awareness 
 
Although no study has specifically examined 
this subject, most researchers who investigate 
ARMD and all the comments obtained during 
the semistructured interviews concur: most 
adults know little about macular degeneration 
and do not know that there are effective 
treatments for it. A survey conducted by 
Wang et al. [1998] found that one-third of 
Americans over the age of 50 who present for 
a periodic ophthalmologic examination that 
reveals an ophthalmologic problem were not 
aware that they had an eye disease. 
 
The elderly frequently forget to report their 
visual loss symptoms to health-care profes-
sionals, as they generally attribute them to 
normal aging or the development of a cataract 
[Butler et al., 1997a]. According to a number 
of authors and the experts we met, it is there-
fore important to sensitize patients to the first 
signs and symptoms of macular degeneration 
so that they can report any visual problem as 
early as possible and at a stage where the dis-
ease can still be treated effectively. 
 
Health professionals (optometrists, general 
practitioners and ophthalmologists) could 
therefore play a more important role in dis-
seminating information on ARMD. They 
should ensure that patients report any sudden 
loss of vision. 
 
11.5.2 Self-examination using the  
Amsler grid 
 
While many eye diseases are characterized by 
potentially annoying symptoms that can 
prompt the patient to seek medical attention, 
neovascular ARMD is often asymptomatic in 
its early stages. According to many authors 
and professional organizations, people can de-
tect a macular problem on their own by per-
forming a daily self-examination using the 
Amsler grid, as this test is simple, inexpensive 

and quick [Bressler, 2002; Mittra and Singer-
man, 2002; Sickenberg, 2001; Butler et al., 
1997b].  
 
We therefore performed an exhaustive search 
of the scientific literature using the keywords 
grid and Amsler. It identified 110 scientific ar-
ticles, including eight on the grid's validity in 
screening for certain maculopathies (Appen-
dix K). However, none of these articles dem-
onstrated the validity of this test in the context 
of early ARMD detection. Consequently, we 
cannot, for the time being, recommend its use 
for population ARMD screening.  
 
11.5.3 ARMD detection by primary care 
health professionals  
 
Given that the first symptoms of visual loss 
are usually reported to general practitioners 
and optometrists11 [Mittra and Singerman, 
2002], they should be able to correctly iden-
tify patients with maculopathy and those at 
high risk for ARMD. This is apparently not 
the case at this time. An American study indi-
cates that general practitioners have problems 
correctly diagnosing maculopathies [Mittra 
and Singerman, 2002]. To ensure better pa-
tient routing, measures should be taken to in-
crease the training in ophthalmology of gen-
eral practitioners. A number of studies found 
that when primary care physicians were 
trained to recognize the symptoms of diabetic 
retinopathy, the rate of detection and referral 
to ophthalmologists among patients at high 
risk for visual loss due to this disease was bet-
ter [Awh et al., 1991]. Positive results could 
be obtained if the same were done for the 
signs and symptoms of age-related macular 
degeneration [Bressler, 2002].  
 
As for optometrists, it appears that most of 
them do have the necessary training and in-
struments for detecting macular problems 
[Ordre des optométristes du Québec, 2002]. 
In October 2003, Québec's National Assembly 
granted optometrists greater power to inter-

                                                      
11. This information was obtained during the semistructured 
interviews as well. 
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vene therapeutically12. These measures should 
increase access to oculovisual health services 
for all Quebecers by allowing eye specialists 
and superspecialists to focus on activities that 
are more in line with their interventional ca-
pacity [Ordre des optométristes du Québec, 
2002]. However, the potential for earlier 
maculopathy detection by optometrists sug-
gests the possibility of earlier treatment, but to 
achieve this, there would need to be better co-
ordination between optometry and ophthal-
mology services, for example, by establishing 
structured referral paths between optometrists 
and medical eye specialists.  
 
Furthermore, it might be useful to closely ex-
amine the experience of certain Canadian 
provinces in the field of ocular health care and  
 

                                                      
12. Prescribing and administering drugs and care for the 
purposes of treating certain disease states: conjunctivitis, 
inflammation of the eyelids, corneal disorders and the removal 
of foreign objects from the surface of the eye. 

service organization. The case of Nova Scotia 
provides an interesting example. In that prov-
ince, the optometrist works in close collabora-
tion with the family physician, sending 
him/her all the results of his/her oculovisual 
examinations. The physician can therefore 
manage cases more efficiently, since he/she is 
aware of the entire course of a given visual 
disease. Furthermore, when a family physician 
suspects an eye problem in a patient, he/she 
first refers the patient to an optometrist. The 
optometrist can eventually refer the patient, if 
his/her condition so warrants, to the appropri-
ate medical eye specialist or treat the patient 
directly, if the situation so permits [Ordre des 
optométristes du Québec, 2002; Ordre des op-
tométristes du Québec, 2001]. 
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12 CONCLUSION 

 
The chief objective of this report was to assess 
the efficacy of photodynamic therapy as a 
treatment for neovascular ARMD and to de-
scribe the practice of this treatment in Québec, 
particularly with regard to the related costs, 
accessibility and care organization. 
 
We can draw certain conclusions from the in-
depth analysis of studies of the efficacy and 
safety of various treatment modalities for 
ARMD and from the analysis of the Québec 
model of the organization of the care pertaining 
to this disease. 
 
12.1 EFFICACY OF 
PHOTODYNAMIC THERAPY  

 The evidence gathered on photodynamic 
therapy with verteporfin photosensitizer 
(TAP and VIP studies) indicates that this 
technology effectively slows predominantly 
classic and pure occult subfoveal neovascu-
lar ARMD in patients with a visual acuity of 
at least 6/60.  

 For patients with minimally classic neovas-
cular ARMD (between 0 and 50% classic 
neovascularization), we cannot, from the ex-
isting studies, draw any conclusions as to 
the efficacy of PDT. 

 Photodynamic therapy should be performed 
only by retinologists or ophthalmologists 
who are thoroughly familiar with this tech-
nology.  

 Although other types of treatment modali-
ties are presently being evaluated, only 
photodynamic therapy has been approved 
for the treatment of predominantly classic 
and pure occult subfoveal neovascular 
ARMD. In addition, it will take several 
more years of studies before a conclusion 
can be drawn with regard to the efficacy of 
the other types of treatment modalities. 

 The dietary supplements recommended by 
the AREDS study may be effective in pre- 

venting the onset or progression of the dis-
ease in patients at risk for an advanced form 
of ARMD (patients with ARM with large 
drusen or with unilateral neovascular 
ARMD). However, patients should not, un-
der any circumstances, take such supple-
ments without first consulting a physician, 
since major adverse effects can occur in cer-
tain types of individuals. 

 
12.2 ECONOMIC ANALYSIS  
 
 The results of the economic analysis are fa-

vourable with regard to the use of photody-
namic therapy in cases of predominantly 
classic or pure occult exudative neovascular 
ARMD. The incremental cost-utility ratio 
per QALY for patients with classic neovas-
cularization is $33,880. If patients with pure 
occult neovascularization are included, the 
incremental cost-utility ratio per QALY in-
creases to $43,253. The net annual budget 
impact is approximately $17.3 million in the 
scenario where all prevalent and incident 
cases are included. If only the incident cases 
are included, the net budget impact for an 
average year would be $0.3 million.  

 
 Given the potentially rapid progression of 

neovascular ARMD, its early detection 
could substantially reduce the risk of severe, 
irreversible visual loss and thus avoid major 
expenses to the public system by reducing 
the costs associated with rehabilitation 
(from $33,880 per QALY to $20,071 per 
QALY for patients with predominantly clas-
sic neovascular ARMD) and with the treat-
ment of other problems (depression, falls, 
etc.) resulting from a loss of vision. If we 
also include patients with pure occult ne-
ovascularization in our analysis, early detec-
tion would result in a greater reduction in 
the cost-utility ratio per QALY, i.e., from 
$43,253 to $22,813. 
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12.3 ACCESS TO OPHTALMOLOGY 
SERVICES  
 
 Several factors could help promote earlier 

detection of ARMD in the population. In-
creasing public awareness of the first symp-
toms of the disease, encouraging regular 
self-examination using a valid test, and bet-
ter detection of ARMD by primary care 
health professionals might be some of the 
basic components of better screening. Fur-
thermore, changes to the organization of 
ocular health services aimed at better coor-
dination between optometry, ophthalmology 
and retinology services would be desirable. 
It should be noted that, even if there is a 
consensus among health professionals re-
garding the usefulness of the Amsler grid in 
detecting the first symptoms of age-related 
macular degeneration, the Agency cannot 
recommend the use of this test, since its va-
lidity has not been demonstrated in the con-
text of early ARMD detection by patients. 

 

 Presently, in Québec, ARMD patients do not 
always have access to photodynamic ther-
apy within a reasonable amount of time. 
Problems gaining access to eye specialists 
(ophthalmologists and retinologists) and to 
fluorescein angiography contribute to in-
creasing patient waiting time for a first 
treatment with photodynamic therapy.  

 
 Furthermore, in 2003, for budgetary reasons, 

some of the hospital clientele that were re-
ceiving this treatment were transferred to the 
private sector. The main consequence is that 
patients have to assume a substantial portion 
of the cost of the drugs, which can further 
limit access to this therapy.  

 
In short, the efficacy of photodynamic therapy 
has been demonstrated, and its budget impact, 
as estimated for a Québec cohort, is acceptable 
if the improvement in quality of life is taken 
into account. However, the problems accessing 
this technology will need to be dealt with. 
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13 RECOMMENDATIONS 

 
Our analysis of the current situation therefore 
leads us to make certain recommendations. 
 
Photodynamic therapy: an effective  
technology  
 
1. Photodynamic therapy should be  

considered a technology that can  
effectively slow the progression of  
certain forms of macular degeneration.  

 
Photodynamic therapy is a technology that 
can slow the progression of subfoveal neovas-
cular ARMD with predominantly classic neo-
vascularization or pure occult neovasculariza-
tion in patients whose visual acuity is at least 
6/60. However, it should be noted that, to 
achieve this type of outcome in current medi-
cal practice, one must necessarily use the 
same therapeutic indications, patient follow-
up and monitoring procedures as those used in 
the TAP and VIP studies and, consequently, 
improve access to this treatment. 
 
To optimally implement this technology will 
therefore require major changes to the organi-
zation of health-care services. There will need 
to be better coordination between ophthalmol-
ogy, retinology and optometry services and be-
tween such services and hospitals. 
 
A public health problem 
 
2. Policymakers in Québec's health-care  

system should recognize ARMD as a major 
public health problem.  
 

The prevalence and incidence of ARMD and 
its seriousness in terms of blindness and dis-
ability, the efficacy of the therapeutic modali- 
 
 

ties for slowing its progression, and the results 
of this economic analysis argue in favour of 
this recommendation.  
 
The concept of preventable blindness 
 
3. In Québec, initiatives for the population-

based management of ARMD should be 
part of a more global effort to manage 
preventable blindness. 

 
ARMD and this report aside, it would be use-
ful to mention that various groups are already 
asking or will soon ask policymakers in Qué-
bec's health-care system to initiate measures 
to improve the care provided to patients with 
various chronic eye diseases. Initiatives aimed 
at improving diabetic retinopathy screening 
are presently being started in Québec 
[Boucher, 2001], and evaluations aimed at es-
tablishing better glaucoma screening modali-
ties are continuing [Harasymowycz and Kam-
deu Fansi, 2003]. AETMIS has contributed in 
both cases to the advancement of these pro-
jects. To us, the concept of managing prevent-
able blindness seems to be an attractive option 
for avoiding operating in a compartmentalized 
fashion and, as a result, splitting efforts. This 
concept is inspired, in particular, by the World 
Health Organization's Vision 2020—Right to 
Sight Initiative [2000; 1997], which is aimed 
at alleviating the social burden of preventable 
blindness in developing and industrialized 
countries. In industrialized countries, age-
related eye diseases, such as ARMD, glau-
coma and diabetic retinopathy, are considered 
leading causes of preventable blindness, al-
though refraction errors and trauma could also 
be taken into consideration [Congdon et al., 
2003; Lee et al., 2003]. 
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Mobilizing many parties 
 
4. The planning and implementation, in the 

wake of this report, of the next few steps  
in the broader context of managing  
preventable blindness could be facilitated 
by creating a task force charged with  
proposing a concrete plan to the Ministère 
de la Santé et des Services sociaux (MSSS).  
 

The task force could consist of representatives 
of the Association des opthalmologistes du 
Québec, the Fédération des médecins om-
nipraticiens du Québec, the Collège des 
médecins du Québec, the Ordre des op-
tométristes du Québec, the Régie de l'assu-
rance maladie du Québec, the Association des 
hôpitaux du Québec, the MSSS and AETMIS, 
and the two leading researchers in the above-
mentioned glaucoma and diabetic retinopathy 
screening projects. The task force should also 
examine the possibility of including one or 
more patient representatives.  
 
In the specific context of ARMD, the task 
force should pay special attention to the in-
creasing demand for ARMD-related care. 
Specifically, solutions will need to be found to 
increase access to retinologists and angiogra-
phy to ensure adequate management of the 
growing number of individuals who will be 
seeking medical attention. In addition, the task 
force should closely examine the training 
needs of primary care health professionals 
(general practitioners and optometrists) so that 
they can better recognize the first signs and 
symptoms of ARMD. Given the recent broad-
ening of optometrists' field of activity, it 
would probably be advisable to facilitate the 
process of referring patients to retinologists  
when optometrists discover maculopathy in 
their patients. The task force should also con- 
 

sider raising public awareness of ARMD, but 
only after services have been reorganized in 
order to meet the demand. 
 
Avenues of research 
 
5. The Agency recommends that the Vision 

Network/FRSQ consider the possibility  
of giving priority to the carrying out of 
studies, in the near future, evaluating the 
validity of the Amsler grid in the context of 
ARMD screening.  
 

The Amsler grid could prove very useful in 
the early ARMD detection and could lead to a 
decrease in the cost of managing visually im-
paired patients. However, the validity of this 
test has not been demonstrated in the specific 
context of ARMD, including its detection by 
patient self-examination, which many authors 
recommend.  
 
6. The Agency also recommends that the  

Vision Network/FRSQ undertake more-
thorough studies to determine, with the 
necessary rigour, the needs relating to  
the organization of services pertaining  
to ARMD and preventable blindness in 
Québec. 

 
For the purposes of this assessment, only one 
exploratory study has been conducted. More-
precise data on access to services and on  
service organization between primary care 
professionals (general practitioners and op-
tometrists) and specialized services would be 
needed. One would also have to take into  
account the trend toward privatizing part of 
the cost of verteporfin, which will certainly 
have an impact on the management and or-
ganization of the care relating to photody-
namic therapy.  
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APPENDIX A 

 
THE AMSLER GRID 

 
The Amsler grid is used to detect retinal abnormalities in the central visual field (20 degrees). This 
test consists of a grid with a central fixation point. Each square measures 5 mm and occupies an an-
gle of 1 degree in the visual field at an observation distance of 30 cm. 

 
 
Instructions 
 
1. Hold the grid at your normal reading distance (about 30 to 40 cm). If you use reading glasses, 

wear them. 
 
2. Cover your right eye with a card. 
 
3. Look at the dot in the centre of the grid with your left eye. 
 
4. Ask yourself the following questions: Are the lines straight? Are all the squares the same size? 

Do you see the four corners? Are there any empty, distorted or blurred areas or wavy lines? 
 
5. Repeat the test with the other eye. 
 
 
When the eye being examined focuses on the central dot, the image of the grid is limited to the mac-
ula. Therefore, a "Yes" answer to any of the above questions indicates a macular disorder. The pa-
tient should thus see an eye specialist at once. 
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 APPENDIX B 

 
CURRENT PHOTOSENSITIZERS 

 

AGENT TRADE NAME IRRADIATION 
PARAMETERS CLINICAL STATUS ADVANTAGES DRAWBACKS 

Verteporfin Visudyne®  

Novartis  
Ophthalmics 

690 nm,  
150 J/cm2 

3 years of known data 
from phase III clinical 
studies. 
Approved for the  
treatment of classic 
 neovascular ARMD  
in 52 countries. 

Efficacy demonstrated  
for classic and pure  
occult choroidal  
neovascularization (CNV).  
Rapid elimination by the 
body (24 hours). 

Numerous dropouts 

SnET2 PurlytinTM 
Miravant-
Pharmacia & 
Upjohn 

664 nm,  
36-126 J/cm2 

2 years of known data 
from a phase III clinical 
study.  
2-year, randomized, 
double-blind, multicentre 
study. 
Promising results. 

Fewer treatments necessary 
than with verteporfin. 

Long clearance time: 
4 weeks 

Lutetium 
texaphyrin  

Lutex/ 
Optrin® 
Pharmacyclics-
Alcon  

732 nm, 
75-125 J/cm2 

Presently being tested in 
a phase Ib/II clinical 
trial. 

Can be used as a  
diagnostic tool because  
of its fluorescence 
spectrum. 
Soluble, hence rapid  
infusion time. 
Rapid clearance time. 

No study has actually 
demonstrated its  
efficacy. 

ATX-S10 Allergan and 
Hamamatsu 
Photonics 

670 nm,  
7.4 J/cm2 

Presently at the  
preclinical trial stage. 

Optimal wavelength, as 
with SnET2. 
Rapid elimination, as with 
verteporfin. 
Amphiphilic (both  
hydrophilic and lipophilic 
or hydrophobic), hence 
rapid infusion time. 
Long-lasting occlusion  
effects, in monkeys. 

Clinical trials  
involving humans 
have not begun. 

Mono-L-
aspartyl 
chlorine e6 

Npe6 
Meiji Seika 
Kaisha  

664 nm,  
2.3-7.5 J/cm2 

Presently at the  
preclinical trial stage. 

Can be used as a diagnostic 
tool.  
Soluble, hence rapid  
infusion time. 

Clinical trials  
involving humans 
have not begun. 

 
Sources: Hunt and Margaron, 2003; Shuler et al., 2001.  
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APPENDIX C 

 
COUNTRIES IN WHICH VISUDYNE® HAS BEEN APPROVED  

 
As at 2004, Visudyne® had been approved as a treatment in 72 countries. These countries are listed 
below according to the conditions of approval [QLT inc., 2004]. 
 

1. Exudative age-related macular degeneration (ARMD) with predominantly classic subfoveal 
neovascularization 

Costa Rica 
Cyprus* 
El Salvador 
Estonia 

Honduras  
Hungary 
Indonesia 
Malaysia 

Romania 
Saudi Arabia  
Singapore 

South Africa 
Taiwan 
Tunisia 

* Member of the European Union 

2. Exudative age-related macular degeneration (ARMD) with predominantly classic subfoveal 
neovascularization, or pathologic myopia (with subfoveal neovascularization) 

Latvia* 
Lithuania* 
Malta* 

Czech Republic* 
Russia  
Slovakia* 

Slovenia* 
Trinidad  
Turkey 

Ukraine  
Vietnam 

* Member of the European Union 

3. ARMD and pathologic myopia with predominantly classic subfoveal neovascularization, or 
presumed ocular histoplasmosis 

 
Canada 

United States 
 
4. ARMD and pathologic myopia with predominantly classic subfoveal neovascularization, or 

choroidal neovascularization resulting from other maculopathies 
 
 

Brazil 
India 

Panama  
Philippines 
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5. Exudative age-related macular degeneration (ARMD) with predominantly classic or pure 
occult subfoveal neovascularization, or pathologic myopia with subfoveal neovascularization 

 
Germany* 
Argentina 
Austria* 
Belgium* 
Bulgaria  
Chile 

Denmark* 
Spain* 
Finland* 
France* 
Greece* 

Iceland 
Ireland* 
Italy* 
Luxembourg*
Norway 

The Netherlands* 
Poland* 
United Kingdom* 
Sweden* 
Switzerland 

* Member of the European Union. 
 
 
6. Exudative age-related macular degeneration (ARMD) with predominantly classic or pure 

occult subfoveal neovascularization, pathologic myopia with subfoveal neovascularization, 
or presumed ocular histoplasmosis 

 
Korea 

7. Exudative age-related macular degeneration (ARMD) with predominantly classic or pure 
occult subfoveal neovascularization, or choroidal neovascularization resulting from other 
maculopathies 

 

Australia  
Bolivia 
Columbia  
Ecuador  

Guatemala  
Hong Kong 
Israel  
Lebanon  

New Zealand  
Paraguay  
Peru 
Sri Lanka  

Syria  
Thailand  
Uruguay  
Venezuela 

 

8. Exudative age-related macular degeneration (ARMD) with subfoveal choroidal neovascu-
larization 

 
Japan 

 
 

9. Exudative age-related macular degeneration (ARMD) with subfoveal choroidal neovascu-
larization, or choroidal neovascularization resulting from other maculopathies 

 
Mexico 
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APPENDIX D 

 
D.1 INCLUSION CRITERIA IN THE TAP AND VIP STUDIES 
 
 TAP VIP 

Lesion size and location  Angiographic evidence of subfoveal  
neo-vascularization due to ARMD  

 < 5400 µm in diameter 

 Angiographic evidence of subfoveal  
neovascularization due to ARMD  

 < 5400 µm in diameter 

Pathological states accepted  Hemorrhage, angiographic  
hypofluorescence or a pigment epithelium 
tear occupying less than 50% of the entire 
lesion 

 The area of choroidal neovascularization 
occupies at least 50% of the entire lesion 

Type of lesion  Classic or classic and occult  100% occult or evidence of classic  
neovascularization if visual acuity (VA) 
letter score greater than 70 

Visual acuity  73 to 34 letters (20/40 to 20/200)  100% occult: 50 letters (20/100 or better) 

 Classic: 70 letters  

Recent disease progression   Not specified  If pure occult lesion, then presumed to 
have recent disease progression (visual or 
anatomic) within the last 3 months or 
evidence of hemorrhage 

Age  50 and over  Not specified 

 
 
 
D.2  EXCLUSION CRITERIA IN BOTH STUDIES  
 
 Tear of the macular pigment epithelium during the prerecruitment visit. 
 Ocular disease that effects or that could affect vision and compromise the validity of the data 

gathered during the studies: pseudovitelliform macular dystrophy, central serous chorioretinitis, 
isolated drusenoid pigment epithelium detachment. 

 Disabling hepatic, renal or neurological diseases. 
 Class III or IV cardiovascular diseases (according to New York Heart Association criteria). 
 Porphyria, allergy to porphyrin derivatives, hypersensitivity to sunlight or to intense artificial 

light. 
 Cancer treatment. 
 Inability to perform fluorescein angiography, for example, because of poor venous access. 
 Participation in another ophthalmic clinical trial or the use of any other investigational drug wi-

thin the 12 months before the start of the current trial. 
 Eye surgery within the three months preceding the study treatment. 
 Any problem other than ARMD (pathologic myopia) constituting an additional exclusion criteria 

in the VIP study. 
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APPENDIX E 

 
E.1  VISUAL ACUITY AND VISUAL ACUITY TESTS 
 
Visual acuity (VA) can be defined as the minimum angle (or size) that a letter or form projected at a 
given distance from the eye must have for two separate black points, lines or spaces that make up the 
letter or form to be discriminated by the retinal photoreceptors.  
 
 
Optotypes used to determine visual acuity  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A. Snellen chart  B. EDTRS chart (R card) 
 
Reproduced with permission of the National Eye Institute. 
 
Visual acuity can be determined with the use of optotypes, whose type of notation differs according 
to the test. Angular notation (minimum arc), or the minimum angle of resolution (MAR), is the angle 
at which the separation between two points is seen and located in space. Snellen notation uses a 
mathematical conversion of the angular notation as a function of the distance from which the chart is 
viewed. The Bailey-Lovie and ETDRS charts use a logarithmic notation in which the logarithm of 
the minimum angle of resolution (logMAR) is calculated.  
 
Note: A gain or loss of lines means an improvement or a deterioration in visual acuity represented by the number of lines that can be dis-
cerned correctly. For example, a person with a visual acuity of 6/15 (Snellen chart) can read line 6. If the individual loses three lines of vi-
sion, he/she can now only discern the letters of line 3 correctly and therefore now has a corrected visual acuity of 6/21. The same procedure 
can be performed with the ETDRS chart, but the loss or gain in vision will be measured in letters. Generally, three lines of visual acuity 
corresponds to 15 letters. 
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E.2  CHARTS FOR DETERMINING VISUAL ACUITY 
 

TYPE OF CHART PRINCIPLE COMMENTS 

Snellen chart  Uses capital letters of decreasing size. 

 Angular acuity is indicated by the value 
of the angle at which details in the  
optotype can be distinguished. 

 This chart consists of lines ranging from 
6/3, 6/4, 6/5, 6/6...to 6/60 and 6/120.  

 Since this chart is not linear, the loss or 
gain of a line after a given intervention 
does not necessarily constitute the same 
difference at every point on the chart. 

 The following equation is used as the method  
of calculation: V = d/D, where “d” is the test 
distance and “D” is the distance at which a 
healthy individual with an angular notation of 1 
can read a given optotype. It depends on the test 
distance (4, 5 or 6 m), but the ratio d/D does not 
vary. 

Bailey-Lovie  
logarithmic chart  

 The size of the optotypes varies from  
row to row according to a logarithmic 
progression. 

 The geometric progression factor equals 
1.2589, or 0.1 log unit. 

 The chart contains 14 lines with 5 letters 
each, with the letter size increasing as one 
goes further down the chart. 

 On one side of this chart is the Snellen notation, 
on the other, visual acuity given as the logarithm 
of the MAR to the base 10 log of the visual  
angle subtended by the optotype equivalent to 
the Landolt ring. 

ETDRS logarithmic 
chart 

 Consists of three scales: R, I and II. 

 “R” is used to measure refraction, “I” to 
test the right eye and “II” to test the left 
eye. 

 Each chart is read at a distance of 4 m 
(1 m for individuals with poor vision). 

 A progression of 15 letters (3 lines) on the 
ETDRS charts corresponds to a doubling of the 
visual angle. 
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APPENDIX F 

 
DIETARY REFERENCE INTAKES (DRIs) 

 
F.1 WHAT ARE DIETARY REFERENCE INTAKES? 
 
DRIs are a set of scientifically based nutrient reference values for healthy populations. Governments 
and nongovernment organizations will use these values to develop policies and programs [Food and 
Nutrition Board, 2002; Food and Nutrition Board, 2000]. They serve as a scientific basis for numer-
ous decisions that have an impact on the health and safety of Canadians. DRIs include four reference 
values: 
 
Estimated Average Requirement (EAR)  
The median usual intake value that is estimated to meet the requirement of half the healthy individu-
als in a life-stage and gender group. At this level of intake, the other half of the individuals in the 
specified group would not have their needs met. The EAR is used to calculate the RDA. 
 
Recommended Dietary Allowance (RDA)  
The average daily dietary intake level that is sufficient to meet the nutrient requirement of nearly all 
healthy individuals in a particular life-stage and gender group. If the distribution of requirements in 
the group is assumed to be normal, then the RDA is the value that exceeds the needs of 97 to 98% of 
the members of the group. It is therefore used as a goal for usual intake of individuals. If the distribu-
tion of requirements in the group is assumed to be normal, then the RDA can be calculated from the 
EAR and the standard deviation of requirements (SDREQ) as follows:  
 

RDA = EAR + 2 SDREQ 
 
Adequate Intake (AI) 
If sufficient scientific evidence is not available to establish an estimated average requirement and set 
a recommended dietary allowance, an AI is derived for the nutrient instead. The adequate intake is a 
recommended average daily nutrient intake level based on observed or experimentally determined 
approximations or estimates of nutrient intake by a group or groups of apparently healthy people who 
are assumed to be maintaining an adequate nutritional state.  
 
For example, for infants, the AI is usually based on the daily mean nutrient intake supplied by human 
milk for healthy, full-term infants who are exclusively fed human milk. For adults, the AI may be 
based on data from one type of experiment or on estimated dietary intakes in apparently healthy 
population groups, or result from a review of data from different approaches. The AI is expected to 
meet or exceed the needs of most individuals in a specific group. The AI can be used as the goal for 
an individual's intake when there is no recommended dietary allowance for a given nutrient. 
 
Tolerable Upper Intake Level (UL)  
The highest level of continuing daily nutrient intake that is likely to pose no risk of adverse health ef-
fects in almost all individuals in a given life-stage group. As intake increases above the UL, the po-
tential risk of adverse effects increases. The term "tolerable" intake was chosen to avoid implying a 
possible beneficial effect. Instead, the term is intended to specify a level of intake with a high prob-
ability of being tolerated biologically. The UL is not intended to be a recommended level of intake. 
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Unless specifically identified in the nutrient reports (e.g., for folate in the prevention of neural tube 
defects), there is no currently established benefit to healthy individuals of ingesting nutrients in 
amounts exceeding the recommended dietary intake or adequate intake. 
 
 
F.2 DIETARY REFERENCE INTAKE VALUES FOR VITAMINES A  
(BETA-CAROTENE), C AND E, AND FOR ZINC  
 

NUTRIENT ROLE 
AGE 

GROUPS  
(YEARS) 

RDA/AI* UL DIETARY 
SOURCES 

ADVERSE EFFECTS 
OF  

OVERCONSUMPTION 

SPECIAL  
CONSIDERATIONS 

Vitamin A 
Includes  
provitamin A 
carotenoids, which 
are precursors  
of retinol  
(beta-carotene). 

Note: The values 
are in retinol  
activity equivalents 
(RAEs) :  
1 RAE = 1 µg of 
retinol,  
12 µg of  
β-carotene,  
24 µg of  
α-carotene,  
or 24 µg of  
β-cryptoxanthin  

 Required for 
normal vision 

 Gene  
expression  

 Reproduction 

 Embryonic  
development   

 Immune  
system  
 

Children 
0-6 months 
7-12 months
1-3  
4-8 

Men 
9-13  
14-18 
19- > 70 

Women 
9-13 
14-18 
19- > 70 

(µg/day) 
  400* 
  500* 
300 
400 

 
600 
900 
900 

 
600 
700 
700 

(µg/day) 
600 
600 
600 
600 

 
1,700 
2,800 
3,000 

 
1,700 
2,800 
3,000 

Liver 

Dairy products 

Fish 

 Teratogenic effects 

 Hepatic toxicity  

 People who consume 
large amounts of  
alcohol or who have a 
preexisting liver disease, 
hyperlipidemia or severe 
protein malnutrition  
are likely to experience 
adverse effects if they 
consume excessive 
amounts of vitamin A.  

 Beta-carotene  
supplements are 
 recommended as a 
source ofvitamin A  
for people at risk for  
vitamin A deficiency. 

Vitamin C 
Other names: 
ascorbic acid, 
dehydroascorbic 
acid (DHA). 

 Cofactor in  
reactions  
requiring  
reduced copper 
or ferric  
metalloenzymes 

 Antioxidant 

Children 
0-6 months 
7-12 months
1-3  
4-8 

Men 
9-13  
14-18 
19- > 70 

Women 
9-13 
14-18 
19- > 70 

(mg/day) 
   40* 
   50* 

15 
25 

 

45 
75 
90 

 
45 
65 
75 

(mg/day) 
ND 
ND 
400 
650 

 
1,200 
1,800 
2,000 

 
1,200 
1,800 
2,000 

Lemons 

Strawberries 

Tomatoes 

Tomato juice 

Potatoes 

Cabbage 

Brussels sprouts 

Cauliflower 

Broccoli 

Spinach 

 Gastrointestinal 
disorders 

 Kidney stones 

 Excessive iron  
absorption 

 Smokers need 35 mg 
more of vitamin C per 
day than nonsmokers. 

 Nonsmokers exposed to 
cigarette smoke should 
ensure that they get their 
RDA of vitamin C.  

 
Note: This table is adapted from DRI reports. Recommended dietary allowances (RDAs) are boldfaced. Adequate intakes (AIs) are followed by an asterisk. 
ND: Not determined. 
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F.2 (Cont’d) 
 

NUTRIENT ROLE 
AGE 

GROUPS  
(YEARS) 

RDA/AI* UL DIETARY 
SOURCES 

ADVERSE EFFECTS 
OF  

OVERCONSUMPTION 

SPECIAL  
CONSIDERATIONS 

Vitamin E 
Other name: 
-tocopherol  

Note:  
-tocopherol  
includes 
RRR--tocopherol, 
the only form of  
α-tocopherol that 
occurs naturally  
in foods, and the 
2R-stereoisomeric 
forms (RRR-,  
RSR-, RRS- and 
RSS-α-tocopherol) 
that are found in 
fortified foods and 
supplements. 

 Vitamin E is a 
nonspecific  
antioxidant 
with an inhibi-
tory effect. 

 The metabolic 
function has 
not yet been 
determined. 

Children 
 0-6 months 
 7-12 months
 1-3  
 4-8  

Men 
 9-13  
 14-18 
 19- > 70 

Women 
 9-13 
 14-18 
 19- > 70 

(mg/day) 
  4* 
  5* 
6 
7 

 
11 
15 
15 

 
11 
15 
15 

(mg/day) 
 ND 
 ND 
 200 
 300 

 
 600 
 800 
 1,000 

 
 600 
 800 
 1,000 

Vegetable oils 
Unprocessed  
cereal grains 

Nuts 

Fruits 

Vegetables 

Meat (small 
quantities) 

 

 There is no  
evidence that  
vitamins in food 
cause any adverse 
effects.  

 One of the potential 
adverse effects  
of supplemental  
vitamin E is  
hemorrhagic  
toxicity. 

 The tolerable upper 
intake level of  
vitamin E applies 
to all forms of  
α-tocopherol in 
supplements,  
fortified foods or a 
combination of the 
two. 

 Patients on  
anticoagulation  
therapy should  
consult a physician 
before taking  
vitamin E  
supplements. 

Zinc A component  
of numerous  
enzymes and 
proteins  
involved in gene 
regulation.  

Children 
 0-6 months 
 7-12 months
 1-3  
 4-8  

Men 
 9-13  
 14-18 
 19- > 70 

Women  
 9-13 
 14-18 
 19- > 70 

(mg/day) 
          2*  
 3 
 3 
 5 

 
 8 
 11 
 11 

 
 8 
 9 
 8 

(mg/day) 
 4 
 5 
 7 
 12 

 
 23 
 34 
 40 

 
 23 
 34 
 34 

Fortified   
cereals 

Red meat 

Certain types of 
seafood 

 Reduces iron  
absorption. 

 Zinc absorption is 
poorer in vegetarians 
than nonvegetarians. 

 It is therefore  
advisable for  
vegetarians to  
consume twice as 
much zinc as the 
RDA. 

 
Sources: Food and Nutrition Board, 2002; Food and Nutrition Board, 2000. 
 
Note: The table is adapted from DRI reports. Recommended dietary allowances (RDAs) are boldfaced. Adequate intakes (AIs) are followed by an asterisk. 
ND: Not determined. 
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APPENDIX G 

 
G.1  CONCEPT OF VISUAL IMPAIRMENT 
 
 
According to the World Health Organization (WHO) International Classification of Diseases 
(ICD-9) [1977], the levels of visual acuity (VA)-related visual impairment are defined as follows: 
 
 No visual acuity-related visual impairment: better-eye VA between 6/3 and 6/7.5 (VA > 6/9). 
 Mild visual impairment: better-eye VA between 6/9 and 6/18 (6/9 > VA > 6/18). 
 Moderate visual impairment: better-eye VA between 6/18 and 6/60 (6/18 > VA > 6/60). 
 Severe visual impairment: better-eye VA between 6/60 and 6/120 (6/60 ≥  VA > 6/120). 
 Profound visual impairment: better-eye VA between 6/120 and 1/60 (6/120 ≥  VA > 1/60). 
 Near-blindness: better-eye VA between 1/60 and no light perception (1/60 ≥  VA > no light 

perception). 
 Total blindness: complete absence of light perception. 

 
 
Note: The Régie de l’assurance maladie du Québec (RAMQ) used this classification as a basis for defining the eligibility requirements for 
visual impairment rehabilitation programs. The condition specifically concerning visual acuity is that it must be less than 6/21 in the better 
eye after refraction. Based on these definitions (WHO or RAMQ), individuals with a visual acuity of less than 6/21 in one eye but with vis-
ual acuity greater than or equal to 6/18 in the fellow eye do not have low vision and are not eligible for these programs. 
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G.2  COST OF PATIENT MANAGEMENT BY DEGREE OF VISUAL  
IMPAIRMENT 
 

VA 
1st EYE 

THERAPEUTIC 
OUTCOME, 1st EYE 

VA, 
2nd EYE 

THERAPEUTIC  
OUTCOME, 2nd EYE 

COST OF MANAGEMENT IN TERMS OF 
ADAPTATION AND REHABILITATION 

6/12 No change 
6/12 

Makes no 
difference 

Makes no difference No cost, regardless of the therapeutic  
outcome for the 2nd eye  

6/12 Deterioration  
6/24 

(loss of 3 lines) 

6/12 No change 
6/12 

No cost, regardless of the therapeutic  
outcome for the 1st eye 

6/12 Deterioration 
6/24 

6/12 Deterioration 
6/24 

Management because of moderate visual 
impairment (low cost) 

6/12 Deterioration 
6/24 

6/60 Makes no difference Management because of moderate visual 
impairment (low cost) 

6/60 Makes no difference Not affected Makes no difference No cost 

6/60 Makes no difference 6/12 No change 
6/12 

No cost 

6/60 Makes no difference 6/12 Deterioration 
6/24 

Management because of moderate visual 
impairment (low cost) 

6/60 No change 
6/60 

6/60 Makes no difference Management because of severe visual  
impairment (moderate cost) 

6/60 Deterioration 
6/120 

(loss of 3 lines) 

6/60 No change 
6/60 

Management because of severe visual  
impairment (moderate cost) 

6/60 Deterioration 
6/120 

6/60 Deterioration 
6/120 

Management because of profound visual 
impairment (high cost) 

 
Annual cost of managing a patient: 
 Low: $2,500 (range: $1,250 to $3,750) 
 Moderate: $3,500 (range: $1,750 to $5,250) 
 High: $40,000 (range: $20,000 to $60,000) 

 
Source: Data provided by the Institut Nazareth et Louis-Braille. 
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 APPENDIX H 

 
INPUT VARIABLES IN THE SENSITIVITY ANALYSIS 

 
 

INPUT VARIABLES HIGH-VALUE  
SCENARIO 

BASELINE 
VALUE 

LOW-VALUE  
SCENARIO 

PROBABILITY 
DISTRIBUTION 

Prevalence and incidence of ARMD 1.5 x baseline value   0.75 x baseline value Triangular 
Prevalence of ARMD in the 55-to-64 age group  0.0021   
Prevalence of ARMD in the 65-to-74 age group  0.0085   
Prevalence of ARMD in the 75-to-84 age group  0.0459   
Prevalence of ARMD in the 85-and-over age 
group13 

 0.1305   

Incidence of ARMD in the 55-to-64 age group14  0.001   
Incidence of ARMD in the 65-to-74 age group  0.0015   
Incidence of ARMD in the 75-to-84 age group  0.0061   
Incidence of ARMD in the 85-and-over age group15  0.0175   

Number of treatments and follow-up visits over 
four years16  

1.5 x baseline value  0.75 x baseline value Triangular 

Number of treatments: 1st year  3.4   
Number of treatments: 2nd year  2.1   
Number of treatments: 3rd year  1   
Number of treatments: 4th year  0   
Number of follow-up visits: 1st year  4   
Number of follow-up visits: 2nd year  4   
Number of follow-up visits: 3rd year  2   
Number of follow-up visits: 4th year  1   

Cost of managing a patient with a visual acuity 
of 20/80, 20/200 and above 20/40017 

2 x baseline value  0.5 x baseline value Triangular 

Low management  $2,500   
Moderate management  $3,500    
Intense management  $40,000   

Unit cost to the health-care system of an  
angiogram and a treatment with  
photodynamic therapy with verteporfin  

1.5 x baseline value  0.75 x baseline value Log-normal  

Cost of an angiogram18  $429   
Cost of a treatment with PDT19  $1,979   

                                                      
13. Smith et al., 2001. 
14. Klein et al., 1997. 
15. Klaver et al., 2001. 
16. Current practice in Québec (personal communication with Drs. Chen, Turcotte and Boucher, ophtalmologists). 
17. Personal communication, Institut Nazareth et Louis-Braille. 
18. Based on the cost figures provided by a private clinic and a hospital clinic. 
19. Cost figures for the laser and verteporfin provided by the manufacturers. 
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APPENDIX H (Cont’d) 
 

INPUT VARIABLES HIGH-VALUE  
SCENARIO 

BASELINE 
VALUE 

LOW-VALUE  
SCENARIO 

PROBABILITY 
DISTRIBUTION 

Probability of losing or not losing three lines  
of vision by visual acuity (6/12 or 6/60) during 
the first two years and by treatment option 
(treatment or no-treatment)20 

1.25 x baseline 
value (up to a 
maximum of 
100%) 

 

0.75 x baseline 
value 

Normal 

Classic neovascularization: treatment option 
VA 6/12: probability of losing 3 lines of vision the 
1st year 

  
 
0.453 

  

VA 6/60: probability of losing 3 lines of vision the 
1st year 

 0.322   

VA 6/12: probability of not losing 3 lines of vision 
the 1st year 

 0.547   

VA 6/60: probability of not losing 3 lines of vision 
the 1st year 

 0.678   

VA 6/12: probability of losing 3 lines of vision the 
2nd year 

 0.562   

VA 6/60: probability of losing 3 lines of vision the 
2nd year 

 0.377   

VA 6/12: probability of not losing 3 lines of vision 
the 2nd year  

 0.438   

VA 6/60: probability of not losing 3 lines of vision 
the 2nd year 

 0.623   

 
Occult neovascularization: treatment option 
VA 6/12: probability of losing 3 lines of vision the 
1st year 

  
 
0.510 

  

VA 6/60: probability of losing 3 lines of vision the 
1st year 

 0.510   

VA 6/12: probability of not losing 3 lines of vision 
the 1st year 

 0.490   

VA 6/60: probability of not losing 3 lines of vision 
the 1st year 

 0.490   

VA 6/12: probability of losing 3 lines of vision the 
2nd year 

 0.670   

VA 6/60: probability of losing 3 lines of vision the 
2nd year 

 0.420   

VA 6/12: probability of not losing 3 lines of vision 
the 2nd year  

 0.330   

VA 6/60: probability of not losing 3 lines of vision 
the 2nd year 

 0.580   

 
No-treatment option 

 
 

  

VA 6/12: probability of losing 3 lines of vision the 
1st year  

 0.574   

                                                      
20. VIP Study Group, 2001a; TAP Study Group, 1999. 
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APPENDIX H (Cont’d) 
 
 

INPUT VARIABLES HIGH-VALUE  
SCENARIO 

BASELINE 
VALUE 

LOW-VALUE  
SCENARIO 

PROBABILITY 
DISTRIBUTION 

No-treatment option (Cont’d)     
VA 6/60: probability of losing 3 lines  
of vision the 1st year  

 0.500   

VA 6/12: probability of not losing 3 lines  
of vision the 1st year 

 0.426   

VA 6/60: probability of not losing 3 lines  
of vision the 1st year 

 0.500   

VA 6/12: probability of losing 3 lines of  
vision the 2nd year  

 0.653   

VA 6/60: probability of losing 3 lines of  
vision the 2nd year  

 0.594   

VA 6/12: probability of not losing 3 lines  
of vision the 2nd year 

 0.347   

VA 6/60: probability of not losing 3 lines  
of vision the 2nd year  

 0.406   

Probability of having a VA of 6/12 or  
6/60 in the first eye and fellow eye21  

1.25 x baseline 
value  0.75 x baseline 

value 
Triangular 

Probability of having a VA of 6/12 in the 
first eye, with or without treatment 

 0.55   

Probability of having a VA of 6/60 in the 
first eye, with or without treatment 

 0.45   

Probability of having a VA of 6/12 in the  
fellow eye, with treatment 

 0.70   

Probability of having a VA of 6/60 in the  
fellow eye, with treatment 

 0.30   

Probability of having a VA of 6/12 in the  
fellow eye, without treatment 

 0.55   

Probability of having a VA of 6/60 in the  
fellow eye, without treatment 
 

 
0.45 

  

Change in utility due to a loss or the  
non-loss of 3 lines of vision by visual 
acuity (6/12 or de 6/60)22  

1.25 x baseline 
value  

0.75 x baseline 
value 

Uniform  
(plateau) 
 

Utility associated with the following  
outcome: loss of 3 lines of vision when the 
initial visual acuity is 6/12-6/24 

 
0.57 

  

Utility associated with the following  
outcome: non-loss of 3 lines of vision when 
the initial visual acuity is 6/12-6/24 

 
0.81 

  

Utility associated with the following  
outcome: loss of 3 lines of vision when the 
initial visual acuity is 6/48-6/60 

 
0.40 

  

Utility associated with the following  
outcome: non-loss of 3 lines of vision when 
the initial visual acuity is 6/48-6/60 

 
0.52 

  

 

                                                      
21. Margherio et al., 2000. 
22. Sharma et al., 2000. 
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APPENDIX I 

 
MONTE CARLO SENSITIVITY ANALYSIS 
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APPENDIX J 

 
CATEGORIES OF RECOMMENDATIONS PROPOSED BY LAUPACIS ET AL.  

FOR ADOPTING AND USING NEW TECHNOLOGIES 
 
 

 
 
 
 
 
 
 
 
 



 

*Some authors do not clearly explain if this figure is the number of eyes or the number of patients included in the study. An indication is given where the number of eyes is specifically mentioned. When no 
information is provided, the figures provided in the table are the quantitative unit given in the study in question.  
†In some studies, a sensitivity value was not calculated after the patients were tested with the different Amsler grids. The estimated sensitivity was therefore deduced from the number of patients who perceived 
abnormalities on the Amsler grid out of the number of patients with ocular diseases.  

 

VALIDITY OF THE AMSLER GRID IN DETECTING MACULOPATHIES 
 

AUTHOR(S) 
(YEAR) NUMBER OF EYES* TYPE(S) OF AMSLER GRIDS 

STUDIED STANDARD TEST(S) VALIDITY COMMENTS 

Achard et al. 
(1995) 

Total number of eyes 16 
 Maculopathies 
ARMD 8 
Idiopathic central serous  

chorioretinopathy 3 
Presumed ocular histoplasmosis 2 
Macular hole 2 
Venous thrombosis 1 
 Normal vision 0 

Black Amsler grid on white 
background 

White Amsler grid on black 
background (standard) 

Red Amsler grid on black  
background 

Threshold Amsler grid 

Campimetric examination 
at 1 metre (screen made 
of black sheeting) 

The sensitivity is not indicated in this 
study, but according to the  
authors, it is poor. 

 
Estimated sensitivity†: 

 White grid: 80% 
 Abnormalities: 12/15 eyes 
 Black grid: 80% 

 Abnormalities: 12/15 eyes 
 Red grid:  80% 

 Abnormalities: 12/15 eyes 
 Threshold grid: 93% 

 Abnormalities: 14/15 eyes 
 

The specificity was not determined in 
this study and cannot be estimated 
(since none of the patients were  
normally sighted). 

Objectives: 
To evaluate the limitations, particu-

larly those relating to the comple-
tion phenomenon, of Amsler grid 
tests in patients with central 
scotomas caused by macular dis-
orders.  

To compare the extent and location 
of abnormalities detected with the 
Amsler grid and those detected 
with a standard test.  

 
Analysis: 
No validity data (sensitivity and 

specificity) are provided in this 
study.  

The authors conclude that the sensi-
tivity of the Amsler grid is poor in 
relation to the standard test be-
cause of the difference in size and 
location of the scotomas. 

For the purposes of our report, this 
difference does not have the same 
importance, since we want to 
know what the grid’s validity is in 
detecting macular abnormalities, 
regardless of their size and loca-
tion. 

The authors also conclude that the 
completion phenomenon could be 
partly responsible for the fact that 
some patients do not perceive any 
abnormalities on the Amsler grid, 
despite having a macular disorder. 

Eight patients had ARMD, but the 
authors do not mention which type. 

The fact that the best sensitivity was 
observed with the threshold grid 
could be explained by the fact that 
the standard grid is a suprathres-
hold test. 

APPEN
D

IX K
 

7
1

 



 

APPENDIX K (Cont’d) 
 

AUTHOR(S) 
(YEAR) NUMBER OF EYES* TYPE(S) OF AMSLER GRIDS 

STUDIED STANDARD TEST(S) VALIDITY COMMENTS 

Achiron  
et al. 
(1995) 

Total number of eyes: 28 
 Macular degeneration 20 
 Macular diabetic edema 6 
 Optic atrophy 2 
 

Standard Amsler grid 
IHCMG  (illuminated  
high-contrast macular grid) 
Amsler grid 

 

Automated perimetric  
examination (Humphrey 
Field Analyzer) 

The sensitivity is not indicated 
in the study. 

 
The estimated sensitivity is 

80.5% for ARMD patients 
with the conventional Amsler 
grid and 100% with the 
IHCMG grid. 

 
The specificity was not  

determined. 
 

Objective: 
To determine if the IHCMG modi-

fied Amsler grid is more effective 
than the standard grid. 

To compare the extent and location 
of abnormalities detected with the 
Amsler grid and those detected 
with a standard test.  

 
Analysis: 
No validity data are provided in this 

study.  
The authors do not provide any in-

formation on the type of ARMD in 
these patients. 

The goal of this study differs from 
that of AETMIS, given that the au-
thors wanted to show that the size, 
location and number of scotomas 
were different between the standard 
test and the standard Amsler grid. 

However, the IHCMG Amsler grid 
has the same sensitivity as the pe-
rimetric examination. 

Chen and 
Frenkel  
(1975) 

Total number of eyes: 348 
 Neuro-ophthalmic diseases 61 

 Homonymous hemianopia  
 Bitemporal hemianopia 
 Altitudinal hemianopia 
 Hysterical fields 
 Enlarged blind spots 
 Central scotomas 
 Glaucoma 212 

 Normal vision 75 
 Group of eyes with  

neuro-ophthalmic lesions 2 
 Group of glaucomatous eyes 73 

Standard Amsler grid (white  
on black background) 

Standard Amsler grid with  
diagonal lines 

Modified Amsler grid for  
detecting neuro-ophthalmic  
diseases 

 

Goldmann perimetric  
examination  

Neuro-ophthalmic diseases 
Sensitivity      100% 

  Specificity      100% 
 
Glaucoma 
    Sensitivity     97% 
    Specificity     93.4% 
 

Objective: 
To assess the validity of various ver-

sions of the Amsler grid. 
 
Analysis: 
This study does not concern age-

related macular degeneration, but 
some of the patients did have 
macular disorders. 

The specificity and sensitivity data 
are presented for all the grids, 
without distinction. 

*Some authors do not clearly explain if this figure is the number of eyes or the number of patients included in the study. An indication is given where the number of eyes is specifically mentioned. When no 
information is provided, the figures provided in the table are the quantitative unit given in the study in question. 
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AUTHOR(S) 

(YEAR) NUMBER OF EYES* TYPE(S) OF AMSLER GRIDS 
STUDIED STANDARD TEST(S) VALIDITY COMMENTS 

Ariyasu  
et al. 
(1996) 

Total: 460 
 Refraction errors 134 
 Corneal diseases 28 
 Cataracts 49 
 Uveitis  5 
 ARMD or age-related  
maculopathy (ARM) 13 
 Retinopathies 53 
 Glaucoma 23 
 Optic neuropathies 5 
 Strabismus 12 
 Amblyopia 5 
 Other 77 
 Normal vision 56 
 

Standard Amsler grid  Complete eye examination 
Optic fundus examination 

by indirect ophthalmo-
scopy  

The grid’s sensitivity, all  
ocular diseases combined,  
including and excluding  
refraction errors, was 19%  
and 20%, respectively.  

 
The grid’s specificity, all  

ocular diseases combined,  
including and excluding  
refraction errors, was 88%  
and 92%, respectively.  

 

Objective: 
To evaluate 4 visual function tests 

(Amsler grid, contrast sensitivity 
test, and near and distant visual 
acuity) to detect visual disturbances 
or vision-threatening eye condi-
tions in new patients at a general 
ophthalmology clinic in order to 
determine if these tests could be 
used as diagnostic tools by physi-
cians. 

 
Analysis: 
All the patients underwent Amsler 

grid testing, regardless of the 
disease involved, although it was 
designed to detect ocular disorders 
affecting the central 20 degrees of 
the retina. It should therefore not 
be used for other types of 
oculopathy. 

Only 20/600 eyes were ARMD eyes. 
Also, the author does not mention 
the type of ARMD in these eyes. 

The sensitivity rate given in this 
study is not very useful, since it 
concerns all the eye problems in 
question. 

*Some authors do not clearly explain if this figure is the number of eyes or the number of patients included in the study. An indication is given where the number of eyes is specifically mentioned. When no 
information is provided, the figures provided in the table are the quantitative unit given in the study in question. 
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APPENDIX K (Cont’d) 
 

AUTHOR(S) 
(YEAR) NUMBER OF EYES* TYPE(S) OF AMSLER GRIDS 

STUDIED STANDARD TEST(S) VALIDITY COMMENTS 

Cheng and 
Vingrys  
(1993) 

Total : 30 
 Pre-ARM 11 
 ARM 11 
 Normal vision 8 
 

Amsler grids (white on black 
background) with two levels of 
contrast: 
 90% (standard) 
 18% (low contrast [LC]) 

 

Automated perimetric  
examination (Humphrey 
Field Analyzer)  

The sensitivity is not indicated 
in this study. 

 
The estimated sensitivity is 

66% for the LC grid in  
patients with ARM  
(7 patients out of 11 detected 
abnormalities) and 33% in  
patients with pre-ARM. 

 
The specificity was not  

evaluated. 
 
The estimated specificity is 

100% (none of the 8 normally 
sighted patients detected any 
abnormalities). 

Objective: 
To determine the best visual tests for 

detecting the early symptoms of 
ARM. 

 
Analysis: 
No validity data were really obtained 

in this study. 
The authors do not indicate what type 

of ARM the patients had. 
The LC grid reportedly prevents the 

suprathreshold effect of the standard 
grid (90%) and has the same sensi-
tivity as the threshold grid, but the 
LC grid is apparently more compli-
cated to use at home. 

According to the authors, the LC grid 
is the most sensitive of the 3 tests 
(low- and high-contrast grids, pe-
rimetry).  

 

Fine et al. 
(1986) 

Total: 130 
 Maculopathies 
ARMD 68 
Ocular histoplasmosis 23 
Pathologic myopia 5 
Pathologic neovascularization  3 
Grönblad-Strandberg syndrome 3 
 Other 1 
 Normal vision 0 
 

Standard Amsler grid  Optic fundus examination 
Fluorescein angiography  

The sensitivity is not indicated 
in this study. 

 
The estimated sensitivity of  

the standard grid is 97.8%  
(48 patients out of 49 detected 
abnormalities)  
(see “Comments”). 

 
The specificity was not  

evaluated and cannot be  
estimated (no normally 
sighted patients). 

 
 
 
 

Objective: 
To determine the reliability of the 

Amsler grid in helping patients de-
tect the presence of submacular 
fluid. 

To determine the reliability of the 
Amsler grid when used at home. 

 
Analysis: 
Only 49 of the 103 study participants 

underwent Amsler grid testing. 
No validity data (sensitivity and speci-

ficity) are provided in this study. 
Which diseases the patients who un-

derwent Amsler grid testing 
are not specifically mentioned. 
However, all of them had macular 
neovascularization. 

 

7
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*Some authors do not clearly explain if this figure is the number of eyes or the number of patients included in the study. An indication is given where the number of eyes is specifically mentioned. When no 
information is provided, the figures provided in the table are the quantitative unit given in the study in question. 



 

 
AUTHOR(S) 

(YEAR) NUMBER OF EYES* TYPE(S) OF AMSLER GRIDS 
STUDIED STANDARD TEST(S) VALIDITY COMMENTS 

Schuchard 
(1993) 
 

Total number of eyes: 120 
 Maculopathies 
ARM 41 
Other maculopathies 8 
Macular edema 8 
 Retinopathies 27 
 Optic neuropathies 11 
 Other 15 
 Normal vision 10 

 

Standard Amsler grid  
Threshold Amsler grid 
 
Testing with both grids was  

performed with a scanning  
laser ophthalmoscope (SLO) 
and the TA-300 system.  

Hybrid perimetric  
examination (static  
and kinetic elements 
combined) with an SLO  

 

The sensitivity varies from 79  
to 82% when all the types of 
abnormalities that can be de-
tected by the grid are consid-
ered.  

 
The sensitivity varies from 60  

to 65% when only the empty 
spaces and blurred spaces in 
the grid are considered, with 
the  exception of distortions. 

 
The specificity is 100%. 
 
The threshold Amsler grid is 

more sensitive than the  
standard Amsler grid.  

Objectives: 
To assess the validity of the Amsler 

grid and how perception through a 
scotoma and fixation characteristics 
can contribute to a false interpreta-
tion of Amsler grid test results. 

To determine if the Amsler grid can be 
used to make an accurate diagnosis. 

To compare the extent and location of 
abnormalities detected by the Amsler 
grid with those of abnormalities de-
tected with a standard test. 

 
Analysis: 
Although all the patients had retinopa-

thy, no validity measures are given 
for any of the 4 disease groups. 

The author does not provide any in-
formation on the type of maculopa-
thy the patients had. 

The objective of this study was not the 
same AETMIS’s objective. The au-
thor wanted to show that clinicians 
cannot use the Amsler grid to accu-
rately diagnose an ocular disease and 
that scotomas perceived by a patient 
and the actual size and the location 
of these scotomas differ enormously 
between the Amsler grid test and 
standard tests.  

*Some authors do not clearly explain if this figure is the number of eyes or the number of patients included in the study. An indication is given where the number of eyes is specifically mentioned. When no 
information is provided, the figures provided in the table are the quantitative unit given in the study in question. 

 

7
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APPENDIX K (Cont’d) 
 

AUTHOR(S) 
(YEAR) NUMBER OF EYES* TYPE(S) OF AMSLER GRIDS 

STUDIED STANDARD TEST(S) VALIDITY COMMENTS 

Wall and 
May  
(1987) 

Total: 15 
 Macular disorders 
Atrophic MD 4 
Trauma-induced chorioretinal  

scarring 2 
Ocular histoplasmosis 2 
Idiopathic neovascular membrane 1 
 Solar retinopathy 2 
 Diabetic retinopathy 2 
 Sulindac-induced retinopathy 1 
 Sarcoidosis 1 
 Normal vision 0 
 

Standard Amsler grid  
Bright red Amsler grid (new set 

published by Hamblin) 
Red Amsler grid (fine, red lines 

that are less intense) 
Threshold Amsler grid  

Static and kinetic  
campimetric examination 
performed at 2 metres 

Optic fundus photography 
Fluorescein angiography  

(8/10 patients) 

The sensitivity is not  
indicated in this study. 

 
The estimated sensitivity for 

the threshold grid is 80% 
(12/15 patients detected  
abnormalities).   

 
The specificity was not  

evaluated and cannot be  
estimated (no normally  
sighted patients). 

Objective: 
To demonstrate that the threshold 

Amsler grid is more effective. 
 
Analysis: 
No validity data (sensitivity and 

specificity) are provided. This was 
a strictly qualitative study. 

Only two patients reportedly had 
ARMD, but the authors do not state 
which type. 

 
According to the authors, the most 

sensitive Amsler grid is the thresh-
old grid followed by the grid with 
fine, red lines and, lastly, the stan-
dard grid and the grid with bright 
red lines, which have the same sen-
sitivity.  

 

Note: Only scientific articles taking maculopathies into account were selected for an in-depth analysis. 
*Some authors do not clearly explain if this figure is the number of eyes or the number of patients included in the study. An indication is given where the number of eyes is specifically mentioned. When no 
information is provided, the figures provided in the table are the quantitative unit given in the study in question.  
†In some studies, a sensitivity value was not calculated after the patients were tested with the different Amsler grids. The estimated sensitivity was therefore deduced from the number of patients who per-
ceived abnormalities on the Amsler grid out of the number of patients with ocular diseases.  
 

Estimated sensitivity = TP/TP + FN. 
 
It is important to note that the estimated sensitivity is not necessarily the same as the sensitivity indicated by the authors of the studies in question, since they did not necessarily use the term sensitivity to 
mean the same thing as we do.  
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APPENDIX K (Cont’d) 
 

 
CONCLUSIONS 
 
The sensitivity varies from 19 to 100% (60-100%) 
 
Considerations 
 The type of eye disease considered. 
 The type of abnormalities detected with the Amsler grid. 
 The type of Amsler grid used. 
 The objective of the study (comparison of the size and location of visual  

abnormalities detected with the Amsler grid with the size and location of 
those detected with a standard test). 

 The small number of eyes per study. 
 
The estimated sensitivity varies from 66% (ARM) to 97.8%. 
 
The specificity varies from 88 to 100%. 
 
Considerations 
 The type of eye disease considered. 
 Few studies have determined the specificity. 
 Small number of normally sighted subjects per study. 
 Small number of eyes per study. 

 
 
Note: Several of the studies selected determined the grid's validity in detecting several 
other eye diseases (corneal diseases, other retinopathies, glaucoma, etc.) in addition to 
ARMD. According to these studies, the grid's sensitivity varies from 60 to 100%, the 
specificity from 88 to 100% [Ariyasu et al., 1996; Achard et al., 1995; Achiron et al., 
1995; Schuchard, 1993; Cheng and Vingrys, 1993; Wall and May, 1987; Fine et al., 
1986; Chen and Frenkel, 1975]. However, is important to consider the factors that can 
limit the significance of the results of these studies, such as the type of eye disease con-
sidered, the small number of eyes and the small number of normally sighted subjects per 
study, the type of Amsler grid used, and the type of abnormalities detected with the test, 
since these factors could distort the sensitivity values provided. In addition, the objec-
tive of these studies was often to compare the size and location of the visual abnormali-
ties observed with the Amsler grid with the size and location of those detected with a 
standard test. Also, in several studies, the authors did not calculate the grid's sensitivity. 
In other words, the data were available, but the sensitivity was not calculated. Given 
these observations, we estimated the grid's sensitivity in several studies. The estimated 
sensitivity varies from 80 (ARMD) to 97.8%. It should, however, be noted that for age-
related maculopathy, the estimated sensitivity is approximately 66%.  
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