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Abstract

Purpose To evaluate the therapeutic effect of

photodynamic therapy (PDT) combined with

posterior subtenon injection of triamcinolone

acetonide (PSTA) in the treatment of choroidal

neovascularization (CNV).

Methods In this retrospective case–control

study, treatment outcomes at 12 months of

patients with CNV were reviewed. One

hundred and two consecutive patients (102

eyes) with subfoveal CNV of various causes

were included. Patients in the study group

(n¼ 46) received PDT followed within 2 days

by 40 mg of PSTA. Patients in the control

group (n¼ 56) received PDT alone. Patients

were retreated 3 months later or more if

fluorescein angiography showed residual

membrane leakage. Treatment outcomes were

compared between the two groups and among

different CNV subgroups.

Results Gain in mean best-corrected visual

acuity (BCVA) was significantly higher in

the study group (þ 0.78 lines) than in the

control group (�1.86 lines) (Po0.0001). The

number of treatments within 1 year was

significantly less in the study group (1.26 vs

1.63, P¼ 0.008). The mean BCVA change for

myopic CNV and age-related predominantly

classic CNV subgroups was significantly

higher in the study group (þ 2.82 vs �0.91

lines, P¼ 0.0005 for myopic CNV; þ 0.6 vs

�1.79 lines, P¼ 0.01 for age-related

predominantly classic CNV). The main side

effect in the study group was increased

intraocular pressure (8.7%).

Conclusion Compared with PDT alone, PDT

combined with PSTA has a better therapeutic

effect for both myopic and age-related

predominantly classic CNV; the myopic CNV

subgroup shows the best response.
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Introduction

Choroidal neovascularization (CNV) is an

important pathologic change seen in a variety of

chorioretinal diseases.1 Advanced age-related

macular disease (AMD) is the leading cause of

irreversible central vision loss in older adults in

the western world. Of the various types of AMD

causing severe vision loss, approximately

80–90% of cases involve the neovascular form.2,3

CNV is also a common cause of vision loss in

certain groups of patients younger than 50 years

of age.4 In high myopic patients, CNV, in

addition to retinal detachment, is the most

vision-threatening complication.5,6 This lesion is

particularly important in Asian countries

because of the high incidence of high myopia on

that continent (9–21%).7,8

Photodynamic therapy (PDT) with

verteporfin has been shown to safely reduce the

risk of severe vision loss in patients with

subfoveal CNV secondary to AMD.9,10 It has
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also been reported to be an effective treatment for

subfoveal CNV caused by pathologic myopia.11

However, CNV regrowth is common and repeated PDT is

needed to prevent further vision loss.12 The surge of local

angiogenic factors caused by choroidal hypoperfusion,

persistent inflammation from CNV itself, and following

treatment may also contribute to the high rate of

recurrence.13,14

Several studies have shown that PDT combined with

intravitreal injection of the corticosteroid triamcinolone

acetonide (IVTA) is more effective for treating CNV than

PDT alone.15–19 However, IVTA has been shown to

produce side effects, such as cataract progression,

elevated intraocular pressure (IOP), endophthalmitis,

and retinal detachment.20 Alternatively, posterior

subtenon injection of triamcinolone acetonide (PSTA)

also has anti-inflammatory effects and has been found to

be effective for classic CNV secondary to AMD.21,22

Furthermore, PSTA has fewer side effects than IVTA.23

In addition, subtenon injection of depo forms of

corticosteroids may last considerably longer than that of

intravitreal injections. We hypothesize that PSTA

combined with PDT may increase the therapeutic effect

of PDT, and lead to fewer side effects than IVTA. In this

study, we investigate the therapeutic effect and safety of

PDT combined with PSTA to treat different types of

subfoveal CNV.

Materials and methods

This retrospective, case–control study was approved by

the Institutional Review Board of National Taiwan

University Hospital. Patients with various types of

subfoveal CNV treated with PDT alone or PDT combined

with PSTA at National Taiwan University Hospital from

January 2004 to July 2006 were included in this study.

Indications for PDT were based on the results of TAP/

VIP studies.11,24 The inclusion criteria were CNV complex

under geometric centre of the foveal avascular zone with

greatest linear dimension of lesion p5400 mm, and an

area of CNV composing at least 50% of the total

neovascular lesion. The exclusion criteria included

multiple haemorrhagic retinal pigment epithelial (RPE)

detachment or the presence of subretinal orange nodular

lesions indicative of polypoidal choroidal vasculopathy,

tear of retinal pigment epithelium, active hepatitis or

clinically significant liver disease, intraocular surgery

within the last 2 months, porphyria or other porphyrin

sensitivity, and inability to obtain photographs to

document CNV. Indocyanin green angiography was

done when the diagnosis of polypoidal choroidal

vasculopathy was uncertain. Confirmed cases were

excluded. Patients with other major ocular or systemic

disease influencing vision were also excluded. The

follow-up period was set at 1 year.

All patients received basic ophthalmic examinations,

which included best-corrected visual acuity (BCVA) in

logMAR scale, slit lamp biomicroscopy, and

measurement of IOP. Fluorescein angiography (FA) was

performed to identify the location and type of the CNV

lesion, and to determine whether there was active

leakage.

A total of 102 sequential patients (102 pair of eyes)

receiving PDT in a standard manner described in the

TAP study were included in our study.9 Four types of

CNV were identified from the study cases:

predominantly classic CNV secondary to AMD,

predominantly occult CNV secondary to AMD, myopic

CNV, and idiopathic CNV. Predominantly classic CNV is

defined as well-demarcated CNV occupying more than

50% of the total neovascular lesion; predominantly occult

CNV is defined as poorly demarcated CNV occupying

more than 50% of the total neovascular lesion; myopic

CNV was defined as CNV in a myopic eye of more than

�6 dioptres spherical equivalent with some evidence of

myopic degeneration changes; and idiopathic CNV is

established by exclusion. Three ophthalmologists (CMY,

TCH, and CHY) performed the treatment; one of them

(CMY) routinely gave additional PSTA to patients

(n¼ 46) within 48 h after PDT based on the physician’s

preference. The remaining patients (n¼ 56) had only the

PDT procedure.

In the PSTA treatment, the triamcinolone acetonide

(40 mg) was drawn into a 1-cm3 syringe using a 23-gauge

needle, and the eye was anaesthetized with proparacaine

0.5%. The needle was then changed to a 25-gauge,

0.5-inch one, and the patient was asked to look

superonasally with the lower eyelid held manually. The

inferotemporal conjunctiva and tenon were penetrated

with the needle with the bevel facing upward. To prevent

engaging the sclera, the needle was rotated to the

bevel-down position and moved from side to side while

advancing before injection. After aspiration to avoid

intravascular injection, 40 mg of triamcinolone acetonide

was injected into the posterior subtenon space. A cotton

tip applicator was used to compress the lower temporal

fornix while withdrawing the needle to prevent reflux.

We chose the inferior route rather than the superior route

for PSTA to avoid the complication of ptosis.25,26

All patients were followed at 3-month intervals.

Follow-up examinations included measurement of

BCVA, FA, measurement of IOP, and slit lamp

biomicroscopy. If active CNV leakage was noted by

FA, the patient received further PDT with PSTA (study

group) or PDT alone (control group). We recorded the

types and aetiologies of CNV in all patients. The side

effects of treatment were also recorded. To evaluate the

PDT combined with PSTA for CNV treatment
Y-A Lee et al

646

Eye



treatment effect of PDT with PSTA, we compared the

overall 1-year BCVA, and the percentage of eyes with

BCVA loss of more than three lines or increase of more

than three lines between the two groups. The number of

treatments and disease progression in the two groups

were analysed by paired t-test using SAS version 9.0.

These parameters were also compared among different

CNV subgroups.

Results

The baseline data of all patients are presented in Table 1.

There was no significant difference in age, sex, lesion

size, or BCVA between patients in the study group and

those in the control group (all P40.05). Furthermore,

there were no significant differences in type or aetiology

of CNV between the two groups (Table 2). The most

frequently seen type of CNV in this study was myopic

CNV, followed by classic or occult-type CNV secondary

to AMD.

The mean BCVA change from baseline to 12 months

after treatment in the study group was an improvement

of 0.78 lines with a confidence interval of ±3.2 lines. The

mean BCVA change in the control group was a loss of

1.86 lines with a confidence interval of ±3.15 lines. The

difference of mean BCVA change between the two

groups was significant (Po0.0001). The average number

of treatments was 1.26 (±0.57) in the study group and

1.63 (±0.75) in the control group. There is a significant

difference between these two groups (P¼ 0.008). One

year after treatment, two patients in the study group

(4.3%) and eight patients in the control group (14.3%) still

had active CNV lesions.

The mean BCVA change for eyes with myopic CNV

was þ 2.82 (±2.58) lines in the study group and

�0.91 (±3.31) lines in the control group. The mean BCVA

change for eyes with age-related predominantly classic

CNV was þ 0.6 (±1.9) lines in the study group and

�1.79 (±2.33) lines in the control group. The differences

between the study and the control groups were

statistically significant in these two subgroups

(P¼ 0.0005 for myopic CNV; P¼ 0.01 for age-related

predominantly classic CNV). The mean BCVA change for

eyes with age-related predominantly occult CNV was

�1.75 (±3.39) lines in the study group and �3.42 (±2.84)

lines in the control group. The mean BCVA change for

eyes with idiopathic CNV was þ 0.43 (±2.76) lines in the

study group and �2.25 (±3.92) lines in the control group.

The differences between the study and control groups

were not significant in these two subgroups (P¼ 0.2 for

age-related predominantly occult CNV and P¼ 0.16

for idiopathic CNV).

Table 3 shows the percentage of BCVA increase of

more than three lines in each subgroup. Patients with

myopic CNV had the highest percentage reaching this

level of improvement among the four study subgroups,

and showed the most favourable response to

PDTþPSTA than to PDT alone in comparison with other

subgroups (from 9.1% with PDT alone to 29.4% with

PDTþPSTA). Patients with myopic CNV and with

predominantly classic CNV secondary to AMD showed

lower percentage of a BCVA loss of more than three lines

in the study group than in the control group (Table 4).

Further subgroup analysis was done for myopic CNV,

which appeared to benefit most from the combination

treatment. The baseline characteristics between the study

Table 1 Baseline data of age, sex, lesion size, and BCVA in the study group and the control group

PDTþPSTA PDT alone P-value

Age 57.07 (±16.06) 56.2 (±17.7) 0.80
Sex (male/female) 20/26 24/32 0.95
Right eye/left eye 25/21 30/26 0.94
Lesion size (ı́m) 1934.8 (±1080.8) 1964.3 (±1192.6) 0.90
Baseline BCVA (logMAR) 1.11 (±0.59) 0.99(±0.53) 0.31

BCVA¼ best-corrected visual acuity; logMAR¼ logarithm of the minimum angle of resolution; PDT¼photodynamic therapy; PSTA¼posterior subtenon

injection of triamcinolone acetonide.

The results are expressed as mean±SD.

Table 2 Number of patients according to types of choroidal neovascularization in the study group and the control group

AMD, classic predominant AMD, occult predominant Myopic CNV Idiopathic Total

PDTþPSTA 10 (21.7%) 12 (26.1%) 17 (37.0%) 7 (15.2%) 46 (100%)
PDT alone 14 (25%) 12 (21.4%) 22 (39.3%) 8 (14.3%) 56 (100%)

AMD¼ age-related macular degeneration; CNV¼ choroidal neovascularization; PDT¼photodynamic therapy; PSTA¼posterior subtenon injection of

triamcinolone acetonide.

P-value40.05 in all types of choroidal neovascularization membrane between the study and control groups.
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group and the control group did not show statistical

difference in terms of age (48.8±17.8 vs 50.2±18.3),

gender (male/female, 9/8 vs 10/12), mean spherical

equivalent refractive error (�10.2±3.1 vs �10.8±3.6 D),

and mean greatest linear dimension of CNV

(1380.5±696.7 vs 1317.8±731.6mm) (all P40.05). The

treatment outcomes are summarized in Table 5. The

percentages of eyes with a BCVA increase of more than

one line, two lines, or above were higher in the study

group compared with the control group.

Three patients (6.5%) suffered from cataract

progression and four patients (8.7%) suffered from IOP

elevation (421 mmHg) in the study group. Among the

four patients who suffered from IOP elevation after

treatment, three required medical treatment only and one

patient needed trabeculectomy in additional to

medication. IOP in all four patients returned to normal

after treatment. None of the patients had evidence of

retinal detachment or endophthalmitis at 12-month

follow-up. None of the patients in the control group

suffered from cataract progression or IOP elevation.

Discussion

This study found that PDT combined with PSTA is a

more effective therapy than PDT alone in the treatment of

subfoveal CNV. At the 12-month follow-up, mean BCVA

of patients in the study group improved by 0.78 lines,

which is significantly better than that of patients in the

control group who had a mean loss of 1.86 lines of BCVA.

Furthermore, the difference in number of treatments

within 12 months between the study group (mean, 1.26

treatments) and control group (mean, 1.63 treatments) is

statistically significant (P¼ 0.008). Therefore, the study

indicates that patients who received PDT combined with

PSTA had better visual outcome and required fewer

treatments. Further analysis showed that the results were

obtained mainly from the beneficial response of myopic

CNV and age-related predominantly classic CNV to the

combination therapy.

The concept of combination treatment for CNV derives

from the understanding of the dynamic processes of

CNV development. By inhibiting CNV growth in

different stages, better therapeutic effect may be

obtained.14 The effect of PDT combined with IVTA for

treating CNV has been evaluated in several studies.

Spaide et al19 reported that mean BCVA increased by 2.4

lines in 13 patients who suffered from CNV secondary to

AMD 1 year after combined PDT/IVTA treatment.

However, Arias et al18 found that there was no significant

Table 3 Percentage of eyes with BCVA increase of more than
three lines in the study group and the control group

PDTþPSTA PDT alone

Predominantly classic
CNV secondary to AMD

1/10 (10%) 1/14 (7.1%)

Predominantly occult
CNV secondary to AMD

0/12 (0%) 0/12 (0%)

Myopic CNV 5/17 (29.4%) 2/22 (9.1%)
Idiopathic CNV 0/7 (0%) 0/8 (0%)
Total 7/46 (15.2%) 3/56 (5.4%)

AMD¼ age-related macular degeneration; BCVA¼best-corrected visual

acuity; CNV¼ choroidal neovascularization; PDT¼photodynamic therapy;

PSTA¼posterior subtenon injection of triamcinolone acetonide.

Table 4 Percentage of eyes with BCVA loss of more than three
lines in the study group and the control group

PDTþPSTA PDT alone

Predominantly classic
CNV secondary to AMD

1/10 (10%) 3/14 (21.4%)

Predominantly occult
CNV secondary to AMD

2/12 (16.7%) 3/12 (25%)

Myopic CNV 0/17 (0%) 2/22 (9.1%)
Idiopathic CNV 1/7 (14.3%) 1/8 (12.5%)
Total 4/46 (8.7%) 9/56 (16.1%)

AMD¼ age-related macular degeneration; BCVA¼best-corrected visual

acuity; CNV¼ choroidal neovascularization; PDT¼photodynamic therapy;

PSTA¼posterior subtenon injection of triamcinolone acetonide.

Table 5 Treatment outcomes of the study group and the control group in myopic CNV subgroup

PDTþPSTA (n¼ 17) PDT alone (n¼ 22) P-value

Mean baseline BCVA 0.92 (±0.46) 0.9 (±0.45) 0.87
Mean number of treatments 1.18 (±0.4) 1.55 (±0.74) 0.07
No. of eyes improved43 lines 5/17 (29.4%) 2/22 (9.1%) 0.11
No. of eyes improved42 lines 11/17 (64.7%) 4/22 (18.2%) 0.002
No. of eyes improved41 line 13/17 (76.5%) 7/22 (31.8%) 0.005
No. of eyes lost41 line 1/17 (5.9%) 9/22 (40.9%) 0.012
No. of eyes lost42 lines 0/17 (0%) 6/22 (27.3%) 0.019
No. of eyes lost43 lines 0/17 (0%) 2/22 (9.1%) 0.21

BCVA¼best-corrected visual acuity; CNV¼ choroidal neovascularization; PDT¼photodynamic therapy; PSTA¼posterior subtenon injection of

triamcinolone acetonide.

PDT combined with PSTA for CNV treatment
Y-A Lee et al

648

Eye



difference in mean BCVA change between patients

treated with combined PDT/IVTA therapy and those

who underwent PDT only. In a study involving 41

patients with occult CNV secondary to AMD, Augustin

et al16 reported that mean BCVA increased from 20/133 to

20/84 at 12 months after PDT/IVTA treatment.

Furthermore, Ruiz-Moreno et al17 found that BCVA

improved by 0.7 Snellen lines in 15 patients with

AMD-associated CNV 1 year after they had been

treated with PDT combined with IVTA. Most of these

studies show that PDT combined with IVTA leads to

significant improvement in visual outcome compared

with PDT alone in CNV patients. Although comparison

between various studies is difficult because of

different inclusion criteria and disease entities, our study

indicates that mean BCVA change 12 months after

treatment with PDT combined with PSTA is as good, if

not better than that achieved after treatment with PDT

and IVTA.

In addition to providing similar anti-inflammatory and

antiangiogenic activity as IVTA,27,28 PSTA may be

associated with fewer complications than IVTA, as our

study indicated. The incidence of IOP elevation

(421 mmHg) after the treatment of IVTA has been

reported to range from 21 to 43%.29 Although most

patients only required medical treatment, surgical

intervention was needed in some cases.30,31 Cataract

progression is another common complication and has

been reported to occur in up to 57% of patients after

IVTA.29 In a study involving 73 eyes with CNV, Van de

Moere et al22 reported that the incidence of elevated IOP

was 7.9% after the treatment of posterior juxtascleral

triamcinolone acetonide. The incidence of IOP elevation

and the incidence of cataract progression noted in our

study were 8.7 and 6.5%, respectively. The two patients

who suffered from cataract progression had the same

BCVA 1 year after treatment, indicating improvement of

the retina condition. Endophthalmitis is another rare but

severe complication of IVTA.29 Theoretically, this vision-

threatening complication should not occur with a PSTA

procedure.

Although general analysis showed better visual

outcomes in the study group than in the control group,

CNV of different subtypes may respond differently. In

TAP and VIP trials, it was reported that the mean change

of BCVA 1 year after treatment was þ 0.2 lines in patients

with myopic CNV, �2.2 lines in patients with classic

predominant CNV secondary to AMD, and –3.1 lines in

patients with occult CNV secondary to AMD.10,11,24

Myopic CNV had the best visual outcome among

different types of CNV after PDT treatment, and occult

CNV secondary to AMD had the poorest outcome. In our

study, we also found that visual outcome differed

depending on the type of CNV treated. With combination

therapy, the proportion of eyes with a BCVA increase of

more than three lines in our study was highest in myopic

CNV (29.4%) and 0% in occult CNV secondary to AMD.

In addition, the proportion of eyes with a BCVA loss of

more than three lines in the study group was lowest in

myopic CNV and highest in occult CNV secondary to

AMD. While myopic CNV and age-related

predominantly classic CNV were the two subgroups that

responded favourably to combined treatment in the

present study, the former seems to gain even greater

advantage from this treatment modality than the latter, as

the difference of mean BCVA change between

monotherapy and combination therapy group was

higher in myopic CNV group (�0.91 to þ 2.82 lines) than

in age-related predominantly classic CNV group

(�1.79 to þ 0.6 lines); the discrepancy of visual acuity

gaining more than three lines between the monotherapy

and combination therapy groups was also higher in the

myopic CNV group. Therefore, among the different types

of CNV, PDT combined with PSTA is most effective in

treating myopic CNV.

Regarding the treatment of myopic CNV, Marticorena

et al32 found a significant increase in mean visual acuity

at 1, 3, and 6 months after PDT and IVTA; however, high

incidence of increased IOP was also noted. Chan et al,33

on the other hand, found that there was no significant

difference between the treatment of PDT and PDT

combined with IVTA. They did find, however, eyes with

poorer initial visual acuity (less than 20/80) or larger

lesion size (greatest linear dimension Z750mm) was

more likely to gain two or more lines of visual acuity at

1 year with combination treatment. Kojima et al34 found

that trans-Tenon’s retrobulbar triamcinolone infusion

itself would be an effective treatment for myopic CNV.

Similar to those results, our study also had good

outcomes after the treatment of PDT combined with

PSTA for myopic CNV. There are some possible

mechanisms that explain why the therapeutic effect of

PDT combined with PSTA is better in myopic CNV. First,

the thinner sclera of myopic eye may facilitate the

diffusion of triamcinolone acetonide from posterior

subtenon space to choroid.35 Second, the lesion in myopic

CNV is usually small and may be situated in the

juxtafoveal site, with haemorrhage or fluid extending to

the fovea. As the lesion becomes inactive and subfoveal

fluid and haemorrhage reabsorbed after treatment,

central vision may recover to a better extent. Third,

combination treatment may reduce the incidence of

hypertrophic scar or decrease the area and extent of

collateral damage that may occur after PDT

monotherapy, and may be crucial for visual outcome in

high myopic eyes.36 In high myopia, the small scar after

combined treatment may help better preserve the foveal

structure and function.
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The safest and most effective treatment sequence

when applying PDT/IVTA therapy has not been

determined.15–17,19 One of the rationales for performing

IVTA after PDT is to avoid the free radical scavenging

effect of steroids, since free radicals are important in the

mechanism of PDT action.17,37,38 Performing PDT

followed by IVTA might also prevent the vitreous

opacity produced by triamcinolone, which may interfere

with the subsequent PDT procedure.17 On the other

hand, pretreatment with IVTA has the therapeutic

advantage of reducing macular oedema or subretinal

fluid, making laser delivery to the target tissue more

effective. In cases of RPE detachment, performing IVTA

first may reduce the risk of RPE tear.39 In our study, we

performed PSTA after PDT. Care should be taken to

avoid exposing the treated eye to bright light to minimize

unwanted photosensitizing effects by residual

photoporphyrin.

In addition to PDT alone or PDT combined with steroid

therapy, many CNV treatments have been studied, such as

monotherapy with anti-VEGF, PDT combined with anti-

VEGF, and triple therapy with IVTA, PDT, and pegaptanib

sodium.40–42 In particular, recent studies have shown that

repeated monotherapy with anti-VEGF ranibizumab or

bevacizumab may improve vision in patients with CNV of

all types.43–45 Sakaguchi et al46 performed intravitreal

bevacizumab (1 mg) injection to treat eight eyes with

myopic CNV and improvement of BCVA to two or more

lines was found in six eyes (75%). In our study, myopic

CNV responded markedly better to PDT/PSTA than other

types of CNV, and 64.7% of eyes in this subgroup had

improvement of BCVA to more than two lines. Studies

designed to compare PDT/PSTA and anti-VEGF therapy

in the treatment of myopic CNV may be warranted.

Conclusion

Although our report was a retrospective study of a small

sample of patients from a single medical centre and did

not include standard randomization or masking of the

investigators, our results were compatible with those

reported in large-scale studies that evaluated the

treatment of CNV with PDT alone and in combination

with IVTA. Of notice, myopic CNV had the best response

to the treatment than other types of CNV. To our

knowledge, this study is the first to investigate the

treatment of different types of CNV with PDT combined

with PSTA. A larger randomized trial with a longer

follow-up period is suggested to confirm our findings.
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