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Abstract
Aim: To review the outcomes of eyes with neovascular age-related macular degeneration
(AMD) treated with photodynamic therapy (PDT) with verteporfin and intravitreal triamcinolone acetonide injection. Materials and Methods: We retrospectively reviewed the outcomes of
consecutive eyes with neovascular AMD that received an intravitreal triamcinolone injection
within 1 week of their first PDT and had at least 6 months of follow-up. Eyes were retreated with
PDT at 3-month intervals if angiographic leakage was present. Results: Twenty-six eyes from 24
patients were identified. The mean visual acuity at baseline was 20/118 (median 20/112). The
mean visual acuity decreased to 20/138 at 9 months (P = 0.24, n = 15) and to 20/174 at 12 months
(P = 0.23, n = 8). The change in visual acuity from baseline was not statistically significant at any
time point. The mean central foveal thickness by OCT measured 342 µm at baseline and
decreased to 296 µm at 12 months (P = 0.31). Sixty-two per cent of eyes required no additional
PDT at 12 months. Nineteen per cent of 26 eyes had a rise in intraocular pressure that was
controlled with topical medication alone. Conclusion: Photodynamic therapy with verteporfin
combined with intravitreal triamcinolone injection in the treatment of neovascular AMD may be
superior to PDT alone by decreasing visual loss and reducing the number or retreatments.
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Introduction
Among the variety of paradigms implicated in the
pathogenesis of choroidal neovascularisation (CNV), an
inflammatory component has been a recent focus of
interest.1-12 The findings that complement factor H (CFH)
polymorphisms are associated with an increased risk in the
development of age-related macular degeneration (AMD)
and that the histopathology of choroidal neovascularisation
demonstrates inflammatory cells have further supported
this theory.1-5 Though photodynamic therapy (PDT) with
verteporfin does cause an acute regression of the
neovascularisation by selective photochemical destruction
of vascular endothelial cells, there is a persistent or even
therapy-induced inflammatory reaction which may explain
the high rate of reactivation and growth of the
neovascularisation after treatment.6,7
Given the limitations of PDT therapy and the known anti1

inflammatory and anti-angiogenic properties of
corticosteroids, a combination therapy consisting of both
modalities may provide a synergistic effect.8-12 Several
studies have shown a benefit to using intravitreal
triamcinolone as an adjunct to photodynamic therapy with
verteporfin. Spaide and colleagues 13 reported an
improvement in the mean visual acuity at 12 months
compared with baseline in 13 eyes that were treated initially
with PDT and intravitreal triamcinolone. Their retreatment
frequencies were 1.24. Rechtman and colleagues,14 in their
series of 14 eyes, found that only a small percentage
experienced an improvement in visual acuity, while the
majority maintained visual acuity from baseline at 1 year or
longer. In a prospective, interventional case series of 184
eyes, Augustin and Schmidt-Erfurth15 reported that the
visual acuity improved in the majority of patients treated
with combination therapy, though the number of
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patients who were not previously treated with PDT were
not commented on.
In this study, we retrospectively reviewed the visual
outcomes, complications, and optical coherence
tomography (OCT) data for all eyes that received PDT with
intravitreal triamcinolone as the initial treatment for
neovascular AMD at the Duke Center for macular diseases.
Patients and Methods
The billing records of all patients who carried a code for
PDT and intravitreal triamcinolone were reviewed. The
patients were evaluated at the Duke Center for Macular
Diseases in Durham or one of the satellite clinics. Eyes with
choroidal neovascularisation from any cause other than
AMD were excluded. Only eyes that received PDT with
intravitreal triamcinolone as the initial treatment for
neovascular AMD were included. For all eyes, triamcinolone
was injected within 1 week of the initial PDT treatment.
Photodynamic therapy with verteporfin was administered
in the standardised manner per the Treatment of Agerelated Macular Degeneration with Photodynamic Therapy
(TAP) protocol.16 Four milligrams of triamcinolone
acetonide (0.1 cc of Kenalog®, 40 mg/mL, Bristol-Myers
Squibb, Princeton, NJ) was injected 3.5 to 4.0 mm posterior
to the limbus in a standard sterile fashion. Eyes were
evaluated at baseline, 3 months, 6 months, 9 months, and
12 months after therapy. Eyes received additional PDT, if
angiographic leakage was present, and/or intravitreal
triamcinolone at 3-month intervals at the discretion of the
treating retinal specialist. Baseline data recorded were age,
gender, lesion type as noted on fluorescein angiography,
and greatest linear diameter (GLD) of the CNV. Data
collected at each visit included the visual acuity using the
Early Treatment Diabetic Retinopathy Study (ETDRS)
chart, intraocular pressure, lens clarity, and complications.
Central foveal thickness and total macular volume using
OCT measurements were analysed, when available. Both
PDT and intravitreal triamcinolone retreatment rates were
recorded. This review was approved by the Duke University
Medical Center Institutional Review Board.
Statistical analysis was carried out, when appropriate,
using the Wilcoxon signed rank test. The change in visual
Table 1. Visual Acuities of Eyes Initially Treated with PDT and Intravitreal
Triamcinolone
Mean

Median

Baseline

20/118

20/112

n = 26

3 months

20/105

20/100

n = 25, P = 0.27

6 months

20/110

20/126

n = 23, P = 0.57

9 months

20/138

20/126

n = 15, P = 0.24

12 months

20/174

10/178

n = 8, P = 0.23

acuity from baseline was calculated at the 3-, 6-, 9-, and 12month time points. The changes in central foveal thickness
and total macular volume from baseline were also assessed.
The visual acuities were converted to logMar units for
statistical analysis, but the corresponding Snellen
equivalents are reported here for ease of discussion. The
last observation was not carried forward for missing data.
An alpha level for statistical significance was set apriori
at 0.05.
Results
Twenty-six eyes from 24 patients met our criteria. The
mean age was 76.9 years ± 7.3 years (mean ± SD). Seventeen
patients were female and 9 were male. On fluorescein
angiography, 10 eyes were characterised as classic, 8
minimally classic, and 8 as purely occult. The GLD of the
CNV lesion at baseline ranged from 1.3 to 6.1 mm, with a
mean of 3.6 mm. Six-month follow-up was available for 26
eyes, 9-month follow-up for 16 eyes, and 12-month followup for 8 eyes. The mean visual acuity at baseline was 20/
118 (median 20/112). The mean visual acuity at 3 months
was 20/105 (P = 0.27 for change from baseline), and at 6
months was 20/110 (P = 0.57). The mean visual acuity
decreased to 20/138 at 9 months (P = 0.24, n = 15), and to
20/174 at 12 months (P = 0.23, n = 8). There was a trend
towards decreasing visual acuity; however, this was not
statistically significant for any time point (Table 1). The
visual acuity distributions are shown in Figure 1. Sixteen of
the 26 eyes (62%) required no additional PDT during the
follow-up period of 6 months (Fig. 2). The PDT retreatment
rate was 12% at 3 months (3 of 26 eyes) and 27% at 6
months (7 of 26 eyes). Retreament data were available for
16 eyes at 9 months and 8 eyes at 12 months with retreatment
rates of 25% and 13%, respectively. Intravitreal
triamcinolone retreatment rates were 4% at 3 months, 8%
at 6 months, 19% at 9 months, and 0% at 12 months
(Fig. 2). Central foveal thickness by OCT (Fig. 3) measured
an average of 342 µm at baseline, and decreased to 239 µm
at 3 months (P = 0.0008), 266 µm at 6 months (P = 0.08),
342 µm at 9 months (P = 0.84), and 296 µm at 12 months
(P = 0.31). The total macular volume (TMV) on OCT was
similarly analysed (Fig. 4). The TMV was 7.82 mm3 before
initial treatment and decreased to 6.65 mm3 at 3 months
(P = 0.0002). The TMV was 7.45 mm3 at 6 months
(P = 0.21), 7.94 mm3 at 9 months (P = 0.49), and 7.57 mm3
at 12 months (P = 1.00).
The lens status was not graded by a formalised method in
this study;17 however, progression of cataract occurred in 2
of the 16 phakic eyes that required cataract extraction. No
eyes developed a sterile endophthalmitis or a retinal
detachment at any time point. An increase in intraocular
pressure beyond 22 mm Hg was noted in 5 eyes (19%), of
which all were controlled with topical medication alone.
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Fig. 2. Percentage of eyes needing retreatment with either photodynamic
therapy (PDT) or intravitreal triamcinolone.
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Fig. 1. Visual acuity distribution in eyes initially treated with photodynamic
therapy (PDT) and intravitreat triamcinolone.
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Fig. 3. Central foveal thickness measured by optical coherence tomography
(OCT) in eyes initially treated with photodynamic therapy (PDT) and
intravitreal triamcinolone.

Discussion
In this small retrospective case series, intravitreal
triamcinolone with PDT for subfoveal CNV from AMD
resulted in a short-term visual benefit that was maintained
over 12 months. Mean visual acuity did not change in any
significant way at the 3-, 6-, 9- and 12-month follow-up. All
eyes required fewer than expected repeat treatments during
the follow-up as compared with previous studies in which
eyes were treated with PDT alone.16,18 However, retreatment
criteria in the TAP16 and Verteporfin in Photodynamic
Therapy (VIP)18 trials was based on angiographic criteria,
whereas now retreatment criteria is generally based on
angiography as well as OCT findings. In our study, OCT
measurements showed a statistically significant decrease
in foveal thickness and total macular volume at 3 months;
however, the difference was not maintained at the 9- and
12-month follow-up visits. A transient rise in intraocular
pressure was noted in 5 eyes and was controlled by topical
medication. Progression of cataract requiring cataract
extraction was noted in 2 of 16 phakic eyes. There were no
cases of endophthalmitis or retinal detachment.
AMD is the leading cause of visual loss in people over the
age of 50 years in North America, and choroidal neo-
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Baseline

Fig. 4. Total macular volume measured by optical coherence tomography
(OCT) in eyes initially treated with photodynamic therapy (PDT) and
intravitreal triamcinolone.

vascularisation is the most common cause of visual loss in
this disease.19,20 Photodynamic therapy, which is an FDAapproved treatment for predominantly classic CNV, causes
a targeted destruction of endothelial membranes and
occlusion of choroidal vasculature without significant
damage to the overlying retinal structures.21-23 However,
PDT treatment can induce inflammation and relative
ischaemia of the retinal pigment epithelial (RPE) and
photoreceptor cells which can lead to an upregulation of
vascular endothelial growth factor (VEGF).6,7 Furthermore,
the inflammatory components of CNV are not targeted by
PDT alone, thereby promoting the continued release of
VEGF and thus a recurrence of CNV.24
Histopathologic examination of excised choroidal
neovascularisation has demonstrated significant numbers
of leukocytes and macrophages within the complex.25,26
Furthermore, inflammatory cells have been implicated in
the pathogenesis of CNV.27,28 Intravitreal triamcinolone is
believed to impede the development of choroidal
neovascularisation through the reduction of VEGF in the
rodent,10 rabbit,11 and primate9 models. Previous studies
with neovascular AMD treated with triamcinolone have
reported a reduction in visual loss in humans. 29-31
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Combination therapy with PDT and concomitant intravitreal
triamcinolone can decrease the amount of inflammatory
cells as well as reduce the amount of VEGF released, limit
the permeability of the vasculature, and modulate the
expression of adhesion molecules.9-12,32
Recent case series reporting results of combination PDT
and intravitreal triamcinolone have been promising but
slightly variable. As previously mentioned Spaide and
colleagues13 reported a visual acuity improvement of 2.5
lines above baseline at 12 months, with a treatment rate of
1.24. Rechtman and colleagues,14 in their series of 14 eyes,
similarly reviewed the outcomes after treatment with
intravitreal triamcinolone in conjunction with the first PDT
and had a follow-up of 1 year or longer. Overall, 7% gained
≥30 ETDRS letters, 50% maintained stable vision, 14%
lost 15 to 29 letters, and 29% lost ≥30 letters. Augustin and
Schmidt-Erfurth,15 in their series of 184 eyes, found that
visual acuity improved by a mean of 1.22 lines using
Snellen acuity and 1.43 using laser interferometry. Their
mean number of required treatments was 1.21. In our study,
the change in visual acuity was not statistically significant
at each follow-up visit. Overall, 62% required only 1 PDT
retreatment over the 12 months of the study.
Triamcinolone has been shown to be relatively safe when
used intravitreally.33 We report that 19% of our eyes treated
with intravitreal triamcinolone experienced a rise in
intraocular pressure. This was slightly lower than that
reported by Spaide and colleagues13 (38.5%), Rechtman
and colleagues14 (28.5%), and Augustin and SchmidtErfurth15 (25%). Our report, in conjunction with others,
demonstrates that PDT in combination with intravitreal
triamcinolone may be superior to PDT alone in preserving
visual acuity in eyes with neovascular macular degeneration.
Our study is limited by the fact that it had a small sample
size, was non-randomised and non-masked, although it is
the largest published study using PDT and intravitreal
triamcinolone in eyes not treated with PDT alone.
Randomised controlled clinical trials assessing the efficacy
and safety of combined PDT and intravitreal triamcinolone
are currently underway. With the advent of new anti-VEGF
agents, clinical studies investigating combination PDT
with anti-VEGF therapies are on the horizon.
The authors have no financial interest in the subject matter presented in
this report. Support: None
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