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The leading cause of legal blindness in patients over the age of 60 years
in developed nations is age-related macular degeneration (AMD).1,2 In the
US, the number of people affected by AMD is predicted to increase by
over 50% by the year 2020, and will account for roughly one-sixth of the
population.3 AMD is broadly classified into two types: non-exudative (dry)
and exudative (wet). Although the exudative form is less common, it
causes the most damage. The Beaver Dam Eye Study reported that in a
population aged 43–86 years non-exudative AMD occured in 15.6% and
exudative AMD in 1.2%. Of those patients who progress to blindness
from AMD, the non-exudative form accounts for roughly 15%, while the
exudative form is responsible for 85%.2,4,5 Non-exudative AMD is
characterized in its earlier stages by changes at the level of the retinal
pigment epithelium (RPE) and Bruch’s membrane, including the formation
of drusen and RPE pigmentary abnormalities. Later, geographical atrophy
(GA) can develop, which also involves atrophy of the choriocapillaris and
outer segments of the photoreceptors, along with RPE loss.4
GA is defined as an area of RPE cell loss with a diameter greater than
175µm. Although termed ‘atrophy,’ the basis of the lesion is RPE cell loss.
GA typically occurs in the parafoveal area first, but may progress to involve
the fovea in later disease.6 The development of GA is thought to be
influenced by the lipofuscin content of the respective RPE cells. The RPE cells
in the posterior pole, particularly the parafoveal macula, typically have the
greatest concentrations of lipofuscin.7 Patients with bilateral GA have
roughly a 4% risk over two years of developing choroidal neovascularization
(CNV).8 Patients with CNV in the other eye have an 18% chance over two
years of developing CNV in the study eye harboring GA. Among those
patients with GA and 20/50 or better visual acuity (VA), half lose three lines
and one-quarter lose six lines of vision over the subsequent two years.9
Exudative AMD is defined by the growth of new blood vessels, or
neovascularization. Typically, neovascularization begins in the choroids,
extends through a break in Bruch’s membrane, and proliferates. The
neovascularization may also traverse the RPE and proliferate in
the subretinal space. The new vessels are often incompetent and leak fluid
and blood into the subretinal or sub-RPE spaces. Chronic fluid can lead to
lipid exudation. Later in the course of exudative AMD, there are cicatrizing
changes, referred to as disciform scars, with poor accompanying VA, due to
scarring and atrophy of the RPE and photoreceptor layers.4
Ocular photodynamic therapy (PDT) is one of the latest treatments for
CNVs, which are the leaky vascular structures under the retina in the ‘wet’
form of AMD. PDT utilizes an innovative concept to treat CNVs without
damaging overlying or nearby retinal or other ocular tissues. Ocular PDT has
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been introduced as a novel treatment for several subtypes of neovascular
AMD and CNV secondary to pathological myopia.10–12 Recent studies
indicate that PDT may also be used to treat CNV secondary to various
vascular retinochoroidal diseases, such as choroiditis, retinochoroiditis,
angioid streaks, central serous chorioretinopathy (CSCR), and parafoveal
telangiectasia. Furthermore, it may be used to treat CNV associated with
macular dystrophy and idiopathic CNV, as well as diseases without any CNV,
such as choroidal and retinal hemangioma, retinal hamartoma, choroidal
melanoma, chronic CSCR, angiomatous lesions secondary to systemic
diseases, rubeosis iridis, or neovascular glaucoma.12–19
Mechanism of Action
PDT using verteporfin (Visudyne™, Novartis Ophthalmic, Switzerland)
selectively targets vascular endothelial cells. By damaging the intraluminal
portion of the exposed vessel, the treatment achieves a selective vascular
occlusion without affecting the adjacent neural structures. PDT causes
reduced leakage and vessel occlusion by two possible mechanisms. First, the
specificity and uptake of verteporfin for target cells with a high expression
of low-density lipoprotein (LDL) receptors—such as tumor and neovascular
endothelial cells—is enhanced by the use of a liposomal formulation and its
rapid uptake by plasma LDL.20–21 Second, whereas normal vessels are usually
spared phototoxic effect due to their intact blood–retina barrier—
preventing any extravasation of the photosensitization within the nonfenestrated vascular wall—pathological leakage in choroidal and retinal
hemangiomas and CNV may contribute to the vascular occlusion.22
Application
The main advantage of PDT over conventional laser treatment remains the
selective thrombosis of new vessels while preserving adjacent neuroretinal
structures.23 PDT is a two-step procedure. The photosensitizer verteporfin is
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Figure 1: Subfoveal Choroidal Neovascularization Due to Age-related Macular Degeneration
A

B

Before (A) and after (B) photodynamic therapy (PDT). The leakage (hyperfluorescence) decreased after the PDT.

first injected intravenously, then the dye in the target tissue is selectively
activated using a laser light. The diameter of the treatment spot is calculated
based on the lesion size measured on the pre-treatment fluorescein
angiogram (FA). To the greatest linear dimension of the retinal lesion,
1,000µm are added. Five minutes after a 10-minute infusion of the
photosensitizer (at a dosage of 6mg/m2 of body surface area), a diode laseremitting light at 689nm for photosensitization is used to irradiate the lesion,
delivering a light dose of 50J/cm2 at an irradiance of 600mW/cm2 over 83s.
What to Expect After Photodynamic Therapy
Two-year randomized clinical trials with PDT demonstrated its beneficial
effect over placebo for classic CNV in AMD and for CNV secondary to
myopia.10–12 These two multicenter, double-masked, placebo-controlled,
randomized clinical trials are the basis for the current recommendations for
the use of PDT.
TAP Study
In the Treatment of Age-related Macular Degeneration with Photodynamic
Therapy (TAP) Study Group, patients were included if they had a subfoveal
CNV secondary to AMD with some classic component on FA, a greatest
linear lesion dimension of <5,400mm, and best-corrected visual acuity
(BCVA) between 20/40 and 20/200 Snellen equivalents. Patients were
treated with either verteporfin or placebo and followed up at three-month
intervals over two years. Re-treatment was performed if the investigator
determined persistent or recurrent leakage from CNV on FA. A total of 609
patients were enrolled in the study in 22 centers in Europe and the US. At
the month-24 examination, the visual stabilization (loss ≤15 letters) was
greater in verteporfin-treated eyes (53%) compared with the placebo-treated
patients (38%; p<0.001). In subgroup analyses for predominantly classic
lesions at baseline, 59% of verteporfin-treated patients compared with 31%
of placebo-treated patients lost <15 letters at the month-24 examination
(p<0.001). For minimally classic lesions at baseline, no statistically significant
differences in VA were noted. In addition to the primary outcome measure
of VA, FA findings and contrast sensitivity were better in the verteporfintreated group at one and two years in all subgroups—including minimally
classic lesions—than in the placebo-treated patients.
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Verteporfin in Photodynamic Therapy Study
The Verteporfin in Photodynamic Therapy Study (VIP) is a multicenter,
double-masked, placebo-controlled, randomized trial with two treatment
arms—CNV secondary to pathological myopia and occult CNV secondary to
AMD. In the group of pathological myopia (VIP PM) after a follow-up of 24
months, a loss of at least eight letters (p=0.11) or more was found in 36%
of the treatment group compared with 51% of the placebo group. The
change in VA between baseline and the month-24 examination was in favor
of cases assigned to verteporfin (p=0.05). This included an improvement at
24 months by at least five letters in 40% of the PDT group versus 13% of
the placebo-treated cases, and improvement by at least 15 letters (equivalent
to at least three lines) in 12 versus 0% of the placebo-treated cases. In the
second arm, the VIP AMD study included occult without classic CNV in AMD
eyes.11 Although there was no significant difference between the treated
group and the placebo group at 12-month follow-up, a minimal but
significant difference in the mean VA could be pointed out at the month-24
control. At this time, visual stabilization was greater in verteporfin-treated
eyes (45%) compared with the placebo-treated patients (32%; p=0.032).
Rationale for Combination Therapy
The use of combination therapy of intravitreal steroids or anti-vascular
endothelial growth factor (VEGF) drugs with the existing PDT with
verteporfin has been proposed as having the potential to enhance results
synergistically, and perhaps decrease the need for re-treatment.24
Photodynamic Therapy and Intravitreal Triamcinolone
After PDT there is collateral damage to the adjacent choriocapillaris and RPE
and an increase in edema and local VEGF production.25–26 Since
triamcinolone decreases inflammation and suppresses secretion of VEGF
and stromal-derived factor 1 (SDF-1), it has been suggested that
simultaneous administration of verteporfin PDT with intravitreal
triamcinolone may have a synergistic effect.27 Although triamcinolone
improved the efficacy of PDT with verteporfin, it also led to increases in
steroid-induced glaucoma and cataract. With past results in mind, Dr Albert
Augustin designed a study examining the use of triple therapy—PDT with
verteporfin, bevacizumab, and the steroid dexamethasone.28 In the 28-week

US OPHTHALMIC REVIEW 2007

Karacorlu_edit.qxp

27/11/07

10:48

Page 27

Update on Photodynamic Therapy for Age-related Macular Degeneration

study of 59 eyes of 59 patients, all of whom received triple therapy, VA
improved in most patients. Only one cycle of treatment was required,
supplemented occasionally by intravitreal injections of bevacizumab. Such
an approach would require more extensive study, but it offers the possibility
of lower cost and less frequent treatment. Spaide and co-workers reported
a mean visual improvement compared with baseline in treatment-naïve
patients, and stabilization in patients having previous PDT.29 Patients needed
a mean of 1.2 treatments in the first year. Augustin and Schmidt-Erfurth
treated 184 patients with verteporfin PDT and 25mg of intravitreal
triamcinolone acetonide. On average, patients had improvements in vision
of 1.22 Snellen lines and required an average of 1.21 treatments.30
Photodynamic Therapy and Anti-vascular Endothelial
Growth Factor Drugs
The success of anti-VEGF agents has led to a number of potential new
treatment strategies. Using a combination approach with anti-VEGF may
even improve on the outcomes seen with monotherapy, offering patients
better VA and/or a better angiographic result. Accompanying the reduction
in number of treatments is a reduced risk of adverse events, both systemic
and ocular. Potential systemic risks of long-term pan-VEGF blockade include
thromboembolic events, bleeding events, and possible blockade of
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