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Abstract

Purpose To report on the follow-up of

patients who received an intravitreal

triamcinolone acetonide injection (IVTA) as

treatment of exudative age-related macular

degeneration.

Methods The clinical interventional case-

series study included 205 patients (222 eyes)

with progressive exudative age-related

macular degeneration with subfoveal

neovascularization who consecutively

received an IVTA of about 20 mg as only

therapeutic procedure and for whom

follow-up was at least 3 months. Mean

follow-up was 10.477.1 months (range,

3–35.7 months).

Results Visual acuity improved significantly

(Po0.001) from baseline (0.9070.45 logarithm

of the minimum angle of resolution (LogMar))

to a mean minimum of 0.7970.42 LogMar

during follow-up. In 86 (38.7%) eyes and in 55

(24.8%) eyes, best visual acuity increased by at

least two and three Snellen lines, respectively.

Comparing the measurements at specific

postinjection examination dates showed that

visual acuity measurements taken at 1, 2, and 3

months after injection were not significantly

different from the baseline value.

Measurements taken at 6, 9, and 12 months

after the injection were significantly (Po0.001)

lower than the measurements at baseline.

Mean loss at 6 months was 1.473.8 Snellen

lines, at 9 months, 2.574.6 lines, and at 12

months after the injection, 2.674.0 lines.

Intraocular pressure increased significantly

(Po0.001) during the first 6 months, and

returned to baseline at 9 months after

injection.

Conclusions Single injection high-dosage

IVTA did not show an apparent benefit at 12

months after injection in patients with

neovascular age-related macular degeneration.
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Introduction

Recent experimental investigations and clinical

studies on patients with exudative age-related

macular degeneration1–21 as well as on patients

with other oedematous and neovascular retinal

diseases22–26 have suggested that the

antiangiogenic and antioedematous effect of

intravitreal triamcinolone acetonide may be

used to treat patients with exudative age-related

macular degeneration. In the studies, different

dosages varying between about 4 mg to about

20 mg triamcinolone acetonide have been

employed. The studies have not been conclusive

about the therapeutic value of intravitreal

triamcinolone acetonide for treatment of

exudative age-related macular degeneration.

Some small-scaled case-series investigations

using the dosage of about 20 mg triamcinolone

acetonide reported a beneficial effect11,15,18,20

contradicting a previous randomized clinical

trial using a dosage of 4 mg triamcinolone

acetonide.14 In view of the different results

of the previous investigations and different

dosages used, it was the purpose of the present
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Universitäts-Augenklinik,
Theodor-Kutzer-Ufer 1-3,
Mannheim 68167, Germany
Tel: þ49 621 383 2242 or
þ 49 621 383 2652;
Fax: þ 49 621 383 3803.
E-mail: Jost.Jonas@
augen.ma.uni-heidelberg.de

Eye (2007) 21, 387–394
& 2007 Nature Publishing Group All rights reserved 0950-222X/07 $30.00

www.nature.com/eye
C
L
IN
IC
A
L
S
T
U
D
Y



consecutive case-series study to assess in a longer follow-

up patients who had received an intravitreal high-dosage

injection of triamcinolone acetonide.

Patients and methods

The prospective interventional case-series study

included 205 patients (222 eyes) (130 women; 106 right

eyes) presenting with progressive decrease of vision due

to exudative age-related macular degeneration and who

consecutively received an intravitreal injection of

triamcinolone acetonide as single and only procedure.

A total of 17 patients received the intravitreal cortisone

injection in both of their eyes. Mean age was 77.377.4

years (range, 53.9–94.2 years; median, 77.6 years).

Refractive error ranged between �7.6 and þ 5.9 diopters

(mean7SD: 0.5871.89 diopters; median, 0.25 diopters).

Mean intraocular pressure was 15.272.9 mmHg (range,

8–24 mmHg; median, 16 mmHg).

The diagnosis of exudative age-related macular

degeneration with subfoveal choroidal

neovascularization was substantiated by fluorescein

angiography and optical coherence tomography. An

occult type of subfoveal neovascularization was present

in 87% of the eyes, a minimally classic type in 6% of the

eyes, and a classic type of subfoveal neovascularization

in 7% of the eyes. For all patients, no other treatment was

available since either the subfoveal neovascular

membrane was not of the classic type which was the only

type for which photodynamic therapy was financially

supported by the insurance companies, or because the

patients refused undergoing photodynamic therapy.

Patients with diabetic maculopathy, retinal vein

occlusions, pseudophakic cystoid macular oedema,

retinal telangiectasias, or other reasons for macular

oedema were excluded from the study. History of

glaucoma or of intraocular surgery including cataract

surgery or retinal or vitreoretinal surgery were not

exclusion criteria. All patients were fully informed about

the experimental character of the treatment and consent

was obtained from the subjects after the nature of the

procedure was explained. The Ethics Committee of the

University had approved the study, which followed the

tenets of the Declaration of Helsinki.

All patients received an intravitreal injection of about

20 mg triamcinolone acetonide in 0.2 ml Ringer’s solution

as previously described in detail.27 A recent study

revealed that using the same filtering technique as in the

present study, the dosage of triamcinolone acetonide

ready for intravitreal injection was about 23.870.6 mg.28

At baseline of the study, visual acuity and intraocular

pressure were determined and fluorescein angiography

was performed. After inclusion into the study, the

patients were re-examined the first day after the

injection, followed by re-examinations in about monthly

intervals for the first 3 months after the injection, and in

about 3-monthly intervals after that. Mean follow-up was

10.477.1 months (median, 7.5 months; range, 3–35.7

months). Visual acuity was determined in a standardized

fashion by an observer performing best-corrected

refractometry and using Snellen charts. The visual acuity

measurements were given as Snellen lines and in metric

units. Additionally, they were converted to the logarithm

of the minimum angle of resolution (logMar).

Statistical analyses were performed by using a

commercially available statistical software package (SPSS

for Windows, version 13.0, SPSS, Chicago IL, USA). For

the comparison of frequencies, the w2 test was applied.

The level of significance was 0.05 (two-sided) in all

statistical testing.

Results

Compared with the baseline measurements, visual acuity

improved significantly (Po0.001) from 0.9070.45

LogMar (0.1870.14 Snellen acuity) at baseline to a mean

minimum of 0.7970.42 LogMar (0.2370.17 Snellen

acuity) during follow-up (Table 1). An increase in best

visual acuity during follow-up was found in 129 (58.1%)

eyes. The maximal improvement in visual acuity was

on the average �0.1170.30 LogMar (0.0570.14 Snellen

acuity). Expressing visual acuity in Snellen units

showed a mean increase in visual acuity by 1.072.9

Snellen lines (median, 1 Snellen line; range. �10 to þ 10

lines). In 86 (38.7%) eyes, best visual acuity increased

by at least two Snellen lines. In 55 (24.8%) eyes, best

visual acuity increased by at least three Snellen lines.

In 31 eyes (14.0%), best visual acuity dropped by at

least two Snellen line during follow-up. In 21 (9.5%)

eyes, best visual acuity decreased by at least three

Snellen lines.

If the visual acuity measurements obtained at the

single examinations were considered, instead of the best

visual acuity measurement obtained at any examination

during the whole follow-up, the statistical analysis

showed a stabilization of visual acuity during the first 3

months after the injection. The visual acuity

measurements taken at 1, 2, and 3 months after the

injection were not significantly different from the

baseline value (Table 1). The measurements taken at 6, 9,

and 12 months after the injection were significantly

(Po0.001) lower than the measurements at baseline

(Table 1). Expressed in Snellen lines, mean loss at 6

months was 1.473.8 lines, at 9 months, 2.574.6 lines,

and at 12 months after the injection, 2.674.0 lines

(Table 1). At 3 months after the injection, 15% of the eyes

showed an increase in visual acuity by at least three lines,

and 22% of the eyes experienced a loss of at least three
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lines. At 6 months after the injection, 11% of the eyes

showed an increase in visual acuity by at least three lines,

and 34% of the eyes experienced a loss of at least three

lines. At 12 months after the treatment, the percentage of

patients with an increase in visual acuity by at least three

lines was reduced to 11%, and the percentage of eyes

with a drop in visual acuity by at least three lines was

increased to 49% (Table 1).

Table 1 Visual acuity at baseline and during follow-up in 222 eyes receiving a single intravitreal injection of about 20 mg
triamcinolone acetonide as treatment of exudative age-related macular degeneration

Visual acuity n Mean7SD Median P-value

Baseline
Snellen 222 0.1870.14 0.16 F
LogMAR 0.9070.45 0.80 F

1 month
Snellen 156 0.1670.12 0.10 0.70 (NS)
LogMAR 0.9170.47 0.82 0.73 (NS)
Change (Snellen lines) 0.0070.34 0.00
Change (LogMAR) 0.0373.1 0
Gain three Snellen lines 23/156 (10.3%)
Loss three Snellen lines 26/156 (16.7%)

2 months
Snellen 196 0.1870.15 0.13 0.97 (NS)
LogMAR 0.9270.47 0.90 0.37 (NS)
Change (Snellen lines) �0.2073.26 0
Change (LogMAR) 0.0370.35 0.00
Gain three Snellen lines 31/196 (15.8%)
Loss three Snellen lines 36/196 (18.4%)

3 months
Snellen 197 0.1670.17 0.13 0.54 (NS)
LogMAR 0.9570.51 0.90 0.08 (NS)
Change (Snellen lines) �0.3973.47 0
Change (LogMAR) 0.0570.38 0.00
Gain three Snellen lines 30/197 (15.2%)
Loss three Snellen lines 43/197 (21.8%)

6 months
Snellen 150 0.1570.15 0.10 o0.001
LogMAR 1.0370.45 1.00 o0.001
Change (Snellen lines) �1.3873.75 �1
Change (LogMAR) 0.1470.40 0.10
Gain three Snellen lines 17/150 (11.3%)
Loss three Snellen lines 51/150 (34.0%)

9 months
Snellen 69 0.1370.13 0.08 o0.001
LogMAR 1.1470.54 1.10 o0.001
Change (Snellen lines) �2.4774.57 �1
Change (LogMAR) 0.2870.57 0.12
Gain three Snellen lines 6/69 (8.7%)
Loss three Snellen lines 29/69 (42.0%)

12 months
Snellen 47 0.1370.17 0.06 o0.001
LogMAR 1.1370.48 1.22 o0.001
Change (Snellen lines) �2.6274.00 �2
Change (LogMAR) 0.2670.46 0.26
Gain three Snellen lines 5/47 (10.6%)
Loss three Snellen lines 23/47 (48.9%)

n: number of eyes examined; P-value: statistical significance of difference to the baseline visual acuity; NS: statistically not significant.
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Intraocular pressure increased significantly (Po0.001;

Wilcoxon test) from 15.272.9 mmHg (median, 16 mmHg;

range, 8–24 mmHg) at baseline of the study to a mean

maximum of 21.877.3 mmHg (median, 20 mmHg; range,

10–64 mmHg), and again decreased significantly

(Po0.001) towards the end of follow-up to a mean of

16.976.2 mmHg (median, 16 mmHg; range, 8–64 mmHg)

(Table 2). At 9 months and at 12 months after the

injection, intraocular pressure measurements no longer

differed significantly from the baseline values (Table 2).

In 87 (39.2%) eyes, at least one intraocular pressure

measurement was higher than 21 mmHg at any time

during the whole follow-up. In 33 (14.9%) eyes, at least

one intraocular pressure measurement was equal to, or

higher than, 30 mmHg at any time during the whole

follow-up. In 13 (5.9%) eyes, intraocular pressure was

equal to, or higher than, 35 mmHg, and in eight (3.6%)

eyes, at least one intraocular pressure measurement was

equal to, or higher than, 40 mmHg.

Discussion

In preceding studies, intravitreal triamcinolone acetonide

has been used for treatment of exudative age-related

macular degeneration. As an alternative to laser

treatment, Penfold, Challa et al started to inject

triamcinolone acetonide intravitreally in an effort to treat

exudative age-related macular degeneration medically.8

In 1998, Challa et al9 conducted a nonrandomized clinical

pilot study evaluating safety and efficacy of intravitreal

injection of 4 mg of triamcinolone after 18 months of

follow-up in patients with exudative age-related macular

degeneration. Of 20 eyes with initial visual acuity of 0.10

or better, vision was maintained in 11 eyes (55%), while

six eyes (30%) suffered severe visual loss (six or more

lines). Challa et al concluded that 4 mg intravitreal

triamcinolone acetonide may be helpful in the treatment

of exudative age-related macular degeneration. Danis

et al10 examined the effects of 4 mg intravitreal

triamcinolone acetonide in a randomized clinical trial on

27 patients with exudative age-related macular

degeneration who were compared with a nontreated

control group. Visual acuity was significantly (Po0.005)

better in the treated group compared with control

subjects at 3 and 6 months follow-up. Ranson et al12

applied intravitreal triamcinolone as treatment of a

recurring subfoveal choroidal neovascularization after

laser treatment. Another investigation including 71 eyes

with exudative age-related macular degeneration

demonstrated a significant increase in visual acuity after

an intravitreal injection of about 20 mg of triamcinolone

acetonide.15 The improvement in visual acuity was

significant for the examinations performed 1 month

(P¼ 0.04) and 2 months (P¼ 0.04) after the injection.

Overall, 48 (66.2%) eyes gained in visual acuity during

the follow-up period. In a nonrandomized comparative

study, patients with an intravitreal injection of about

20 mg triamcinolone had a significantly better outcome

than patients without any treatment for exudative

age-related macular degeneration.18 In an intereye

comparison of patients with bilateral exudative

age-related macular degeneration and unilateral

intravitreal injection of triamcinolone acetonide, the

injected eyes demonstrated a significant gain in visual

acuity, while mean visual acuity decreased significantly

in the contralateral eyes towards the end of the

follow-up.20 Patients retreated with an intravitreal

injection of 20 mg of triamcinolone acetonide showed

a significant reincrease in visual acuity after the second

intravitreal injection.17 These clinical studies are in

agreement with experimental studies on an angiostatic

effect of intravitreal cortisone on experimental subretinal

neovascularization and other types of intraocular blood

vessel proliferation.4,5,7,29

The results of the present study show less beneficial

results than the previous studies mentioned above.

Although visual acuity improved significantly from

baseline to a mean maximum during follow-up defined

as the best measurement of all postinjection

measurements, the comparison between the baseline

value and the measurements at specific postinjection

Table 2 Intraocular pressure (mmHg) at baseline and during
follow-up in 222 eyes receiving a single intravitreal injection of
about 20 mg triamcinolone acetonide as treatment of exudative
age-related macular degeneration

Intraocular pressure (mmHg) Mean7SD Median P-value

Baseline 15.272.9 16 F

1 month 17.274.2 17 o0.001
Change 2.073.9 2

2 months 17.474.4 18 o0.001
Change 2.273.9 2

3 months 18.276.3 17 o0.001
Change 2.776.0 2

6 months 18.376.2 17 o0.001
Change 3.175.8 2

9 months 16.777.2 15 0.07 (NS)
Change 1.777.0 0

12 months 15.874.2 16 0.71 (NS)
Change 0.574.3 0

P-value: Statistical significance of difference to the baseline visual acuity;

NS: statistically not significant.
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examination dates showed that during the first 3 months

after the injection, visual acuity stabilized, and that at 6

months and later after the injection, visual acuity started

to deteriorate significantly (Table 1). The present

investigation is partially in agreement with a previous

pilot study from the same group of authors in which

visual acuity was significantly better at three months

after the injection than at baseline while at 6 months after

the injection, visual acuity significantly deteriorated.15

Considering that the patients included in the present

study complained about a progressive loss of vision prior

to the injection, the results of the present study are also in

agreement with another study from the same group of

authors in which patients receiving an intravitreal

injection of triamcinolone acetonide performed

significantly better than patients of a nonrandomized

control group; and the results of the present study are in

agreement with another investigation in which the

injected eyes had a significantly better outcome than the

contralateral nontreated eyes in patients with bilateral

exudative age-related macular degeneration.18,20

Comparing the results obtained at 6 months and at 12

months after the injection in present study with results

reported for a combined treatment of intravitreal

triamcinolone acetonide and verteporfin photodynamic

therapy suggests that the combined treatment may be

superior to the intravitreal triamcinolone acetonide

monotherapy.16,30–35 Spaide et al16 were the first to report

on the combination of intravitreal triamcinolone

acetonide with photodynamic therapy as treatment of

exudative age-related macular degeneration. Their study

included 26 eyes with exudative age-related macular

degeneration with choroidal neovascularization. A total

of 13 eyes had already received a photodynamic therapy

and experienced visual loss after the treatment. A total of

13 additional eyes had not been treated with

photodynamic therapy prior to inclusion into the study.

In the study, all patients were treated with photodynamic

therapy immediately followed by an intravitreal injection

of 4 mg of triamcinolone acetonide. Of the 13 patients,

who received the combination treatment as first

procedure, mean visual acuity change at 3 months

follow-up was an improvement of 1.9 lines, and four eyes

(30.8%) had an improvement of at least three lines. Two

patients (15.4%) required retreatment at 3 months. At the

6-month follow-up, the mean visual acuity change from

baseline was an improvement of 2.4 lines, four patients

(33%) had an improvement of at least three lines and one

patient required retreatment. At both time points, visual

acuity was significantly greater than at baseline

(P¼ 0.023 and P¼ 0.007). Among the 13 patients who had

already undergone photodynamic treatment prior to

inclusion in the study, mean change in visual acuity from

baseline at the 3-month follow-up was 0.31 lines and one

patient (7.7%) had an improvement of at least three lines.

At 6-month follow-up, available for 11 patients, mean

change from baseline visual acuity was 0.1 lines and one

patient (9.1%) experienced an improvement of three or

more lines. None of the patients required retreatment at 3

or 6 months. At the 3- and 6-month time points the visual

acuity was not significantly different than the baseline

acuity. In a second study, Spaide et al30 confirmed the

results of the previous investigation. The newly treated

patients (n¼ 13) had a mean improvement of 2.5 lines 12

months after the combination treatment, while patients

in the prior photodynamic therapy group (n¼ 13) had a

mean improvement of 0.4 lines. In a similar study by

Rechtman et al,32 intravitreal triamcinolone acetonide

was used as an adjunctive treatment to photodynamic

therapy with verteporfin for new subfoveal choroidal

neovascularization in age-related macular degeneration.

In all, 14 patients who had received intravitreal

triamcinolone acetonide within 6 weeks of their first

photodynamic therapy and who had a follow-up of 1

year or longer were included into the study. In all, 11

patients received one initial combined treatment and

three received an additional combined treatment after 6

months. Overall, 7% of the patients gained by 30 or more

letters, 50% of the patients maintained stable vision, 14%

patients lost 15–29 letters, and 29% of the patients lost 30

or more letters. The mean number of photodynamic

therapies during the first year was 2.57. Arevalo et al33

performed an indocyanine green-mediated

photothrombosis with intravitreal triamcinolone

acetonide for subfoveal choroidal neovascularization in

age-related macular degeneration and concluded that

combined indocyanine green-mediated photothrombosis

with intravitreal TA may provide stability or

improvement in visual acuity and fundus findings in

choroidal neovascularization.

Although randomized trials comparing an intravitreal

triamcinolone acetonide monotherapy with a

combination of intravitreal triamcinolone acetonide and

photodynamic therapy for the treatment of exudative

age-related macular degeneration have not been

published yet, and although photodynamic therapy

may lead to a collateral tissue damage in the macula

in contrast to intravitreal triamcinolone acetonide,36

the present study in combination with results published

in the literature may suggest that the combined

treatment consisting of verteporfin photodynamic

therapy and intravitreal triamcinolone acetonide may

be superior to the intravitreal triamcinolone acetonide

monotherapy.

It remains unclear whether the results of the

high-dosage intravitreal triamcinolone acetonide

monotherapy compare well with studies using other

treatment modalities such as verteporfin photodynamic
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therapy as single treatment or using other angiostatic

agents such as pegaptanib, anecortave acetate and

ranibizumab.37–40 In the present study, a drop in visual

acuity of at least three lines occurred in 34% of the eyes at

6 months after the injection, while 11% of the eyes

showed an increase in visual acuity by three or more

lines at the same time. At 12 months after the injection,

49% of the eyes had experienced a decrease in visual

acuity by at least three lines, and 11% of the eyes showed

an increase in visual acuity by three or more lines

(Table 1). An indirect comparison between the results of

the present study and the results of the investigations

using other therapies may not be possible due to

different inclusion criteria. Comparing the data of the

present investigations with control groups from other

studies, one may infer, however, that the visual outcome

of the patients included in the present study may not be

worse than those of the patients of the control groups. It

does, however, not answer the question of the risk-

benefit ratio of the intravitreal triamcinolone acetonide

treatment.

The main side effect of intravitreal triamcinolone

acetonide observed in the present study was an elevation

of intraocular pressure. Similar to previous reports, about

40% of the eyes developed a triamcinolone acetonide

induced ocular hypertension with at least one intraocular

pressure measurement higher than 21 mmHg at any

examination during the whole follow-up.41,42 A

measurement higher than 30 mmHg was obtained about

15% of the eyes, and about 4% of eyes showed an

intraocular pressure higher than 40 mmHg. The

increased intraocular pressure returned to the normal

range within 9 months after the injection. This finding is

in agreement with previous studies in which the

duration of the effect and side effect (intraocular pressure

elevation) of the high-dosage intravitreal triamcinolone

acetonide (about 20 mg) was about 6–8 months.43 With

the solvent agent mostly removed, other side effects or

complications of intravitreal triamcinolone acetonide,

such as noninfectious or infectious endophthalmitis,

were not observed in the present study.44–46

There are limitations of the present study one of which

is the design as a nonrandomized case-series

investigation. Another limitation may be that, although

intravitreal triamcinolone will have increased cataract,

cataract surgery was not performed in combination with,

or after the intravitreal injection. The vision-reducing

effect of progressive cataract, however, may have hidden

parts of a vision improving effect of triamcinolone. An

additional limitation of the study is the method to

measure visual acuity. Instead of using visual acuity

charts which were also taken for the early treatment of

diabetic retinopathy study (ETDRS), visual acuity was

determined using Snellen charts in a standardized

fashion by an observer performing best-corrected

refractometry.

In conclusion, the data of the present study may

suggest that the intravitreal injection of about 20 mg of

triamcinolone acetonide as treatment of progressive

exudative age-related macular degeneration may lead to

a temporary stabilization of visual acuity for about 3

months in patients with progressive exudative age-

related macular degeneration. At 6 months and at 12

months after the single high-dosage injection of

triamcinolone, however, visual acuity was significantly

deteriorated as compared with the baseline value

suggesting that the treatment is not effective at 12

months after a single injection. In view of the significant

decrease in visual acuity at 6 months and at 12 months

after the injection, and considering the results reported

for a combination of intravitreal triamcinolone acetonide

with verteporfin photodynamic therapy, one may infer to

combine intravitreal triamcinolone acetonide with

verteporfin photodynamic therapy.47
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