
INTRODUCTION

Angioid streaks are irregular crack-like dehis-
cences in Bruch’s membrane that invariably radiate
outward from the peripapillary area in all directions.
They are associated with a wide variety of systemic
diseases, such as pseudoxanthoma elasticum, Ehler-
Danlos syndrome, Paget’s disease, and sickle-cell he-
moglobinopathies.

The prognosis in patients with angioid streaks is
guarded because visual impairment occurs in 70% to
86% due to the occurrence of macular choroidal neo-
vascularization (CNV) (1-3). The natural history of such
lesions is poor, with most resulting in fovea involve-
ment and central vision loss (3, 4). Laser photocoag-
ulation treatment of CNV may be beneficial in selected
cases (5-10). However, the recurrence rate is higher
than with CNV associated with other macular disor-
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PURPOSE. To evaluate the effectiveness of conventional photodynamic therapy with
verteporfin (PDT) in a series of patients with macular choroidal neovascularization (CNV)
due to angioid streaks and to compare it to the effectiveness of early PDT retreatment.
METHODS. This is a retrospective study of 24 eyes (22 consecutive patients) with subfoveal
or juxtafoveal CNV secondary to angioid streaks treated with PDT from September 2000
through February 2003 and that completed at least the first year of follow-up. Until August
2001, retreatments were performed according to the conventional protocol for PDT every
3 months (Group 1, consisting of 11 eyes of 9 patients). After August 2001 (13 more eyes
of 13 new patients), retreatments were performed earlier (every 8 weeks) when indicated
(Group 2). The follow-up time ranged from 30 to 42 months and from 12 to 30 months in
Groups 1 and 2.
RESULTS. At the end of the follow-up, final best-corrected visual acuity decreased in 21
(87.5%), stabilized in 2 (8.3%), and improved in 1 (4.2%) of the total 24 eyes. In all, 19 of
the 24 eyes (79.2%) had a final best-corrected visual acuity equal to or less than 20/400.
There were not any statistically significant differences in final visual acuity between the two
groups. 
CONCLUSIONS. In this large series of patients with macular CNV secondary to angioid streaks,
the functional and the anatomic results of PDT were not satisfactory, even when retreat-
ments were performed earlier than the conventional time of 3 months. (Eur J Ophthalmol
2005; 15: 69-73)
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ders (11, 12) and the final results reported in the lit-
erature are rather disappointing (3). Recently, limited
macular translocation (13, 14) as well as photodynamic
therapy with verteporfin (PDT) (15-17) were re-
searched as alternative treatment modalities for sub-
foveal CNV due to angioid streaks in small series of
patients with controversial results. 

The purpose of this study is to evaluate the effec-
tiveness of conventional PDT with verteporfin in a large
series of patients with subfoveal or juxtafoveal CNV
due to angioid streaks and to compare it to the ef-
fectiveness of early retreatment PDT (8 weeks following
initial therapy) in patients who experienced disease
progression. 

MATERIALS AND METHODS

A retrospective analysis of 24 eyes of 22 consecu-
tive patients with subfoveal or juxtafoveal CNV sec-
ondary to angioid streaks who were treated with PDT
by the authors from September 2000 through Febru-
ary 2003 and completed at least the first year of fol-
low-up was conducted. The greatest linear dimension
of the entire lesion had to be 6,000 µm or less. Eyes
with best-corrected visual acuity of less than 20/400
were not treated. None of the eyes had been previ-
ously treated by conventional laser photocoagulation
for macular CNV. 

Prior to the treatment, each patient had undergone
a complete ocular examination including contact lens
fundus biomicroscopy, color or red-free fundus pho-
tography, and digital fluorescein angiography (FA) us-
ing the Topcon Imagenet 2000 Digital Imaging Sys-
tem with TRC-50IA fundus camera (Topcon Corpora-
tion, Paramus, NJ). Fluorescein angiograms were eval-
uated for lesion size and leakage of the neovascular
membrane. Best-corrected visual acuity was deter-
mined in all patients using standard Snellen charts. 

Until August 2001, retreatments were performed ac-
cording to the standard protocol followed in the Treat-
ment of Age-Related Macular Degeneration with Pho-
todynamic Therapy Investigation (TAP) every 12
weeks (18-21). During this time, 11 eyes of 9 con-
secutive patients were included in the study (Group
1). After August 2001, 13 more eyes of 13 new con-
secutive patients were included in the study. These
eyes received early retreatments (8 weeks after the

previous PDT) when indicated according to the cri-
teria of the TAP study for conventional 3-month re-
treatment (Group 2).      

The follow-up time ranged from 28 to 42 months
(mean 34.1±4.6 months) and from 12 to 30 months
(mean 20.8±5.3 months) for Groups 1 and 2, respec-
tively. The re-examinations followed the same pro-
cedure as the first examination. Informed consent for
examination and treatment was obtained from each
patient after a full explanation of the procedure.

Numerical data in the text and the tables are pre-
sented as mean (±SD). Improvement or decline of vi-
sual acuity was defined as a change of at least two
lines of Snellen acuity. A visual acuity of counting fin-
gers was assigned a value of 20/1000 for statistical
purposes. Fisher’s exact test as well as two-tailed un-
paired or paired t-test were used for the statistical
analysis of the data. A p value less than 0.05 was con-
sidered statistically significant. 

RESULTS

Demographics, clinical characteristics, and outcome
of the eyes of Groups 1 and 2 are presented in Tables
I–IV. Nine patients (11 eyes) with subfoveal (7 eyes)
and juxtafoveal CNV (4 eyes) comprising Group 1 and
13 patients (13 eyes) with subfoveal (8 eyes) and
juxtafoveal CNV (5 eyes) comprising Group 2 were
enrolled. Evidence of predominantly classic CNV in
FA was found in all 24 eyes examined. 

The differences between the two groups in sex preva-
lence (p=0.4442), age (p=0.7598), lesion size (p=0.8708),
and mean pre-treatment best-corrected visual acuity
(p=0.2987) were not statistically significant. During
the follow-up time, the mean number of retreatments
was 8.7 (±2.5) in Group 1 and 7.9.(±2.7) in Group 2
(p=0.4647). 

In Group 1, the mean final best-corrected visual
acuity (0.05±0.05) was significantly lower compared
to that of the baseline (0.26±0.22) (p=0.009). At the
end of the follow-up time, best-corrected visual acu-
ity decreased in 10 (90.9%) and stabilized in only 1
(9.1%) of the total 11 eyes of this group compared to
the baseline. In all, 10 of the 11 eyes of Group 1 had
stopped PDT during the follow-up time because they
had showed conversion of the CNV into a disciform
scar without leakage in FA. Nine of the 11 eyes (81.8%)
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TABLE I - DEMOGRAPHICS OF PATIENTS OF GROUP 1
(conventional retreatments)

Patient no. Age, yr Sex History

1 70 M
2 45 M PXE  

Same* 46 M PXE  
3 65 F   
4 73 F   
5 50 F   
6 61 M Paget  

Same* 61 M Paget  
7 48 F PXE  
8 54 M   
9 49 M   

*The other eye of the previous patient
PXE = Pseudoxanthoma elasticum

TABLE II - DEMOGRAPHICS OF PATIENTS OF GROUP 2
(conventional retreatments)

Patient no. Age, yr Sex History

1 64 M PXE  
2 46 F   
3 49 F   
4 55 M   
5 72 M PXE  
6 73 M   
7 54 F   
8 43 F   
9 60 F SCH  

10 57 M   
11 49 M   
12 50 F   
13 47 M   

PXE = Pseudoxanthoma elasticum; SCH = sickle-cell
hemoglobinopathy

TABLE III - CLINICAL CHARACTERISTICS AND OUTCOME OF EYES OF GROUP 1 (conventional photodynamic therapy)

Eye Lesion Lesion PDT Follow-up, Initial Final Anatomic FA
no. size, µm location no. mo BCVA  BCVA outcome outcome

1 3100 Subfoveal  10 42 20/200 Counting fingers Larger, scar No leakage
2 2700 Subfoveal   9 41 20/400 Counting fingers Larger, scar No leakage
3* 2400 Juxtafoveal   11 30 20/50 20/200 Larger, scar No leakage
4 4000 Subfoveal   11 39 20/100 20/800 Stable, scar No leakage
5 1100 Subfoveal   8 34 20/200 Counting fingers Larger, scar No leakage
6 800 Juxtafoveal   7 33 20/40 20/400 Larger, scar No leakage
7 6000 Subfoveal   6 32 20/200 20/800 Stable, scar No leakage
8* 700 Juxtafoveal   7 28 20/25 Counting fingers Larger, scar No leakage
9 2900 Juxtafoveal   12 34 20/80 20/100 Stable No leakage

10 5200 Subfoveal  4 32 20/100 Counting fingers Stable, scar No leakage
11 3300 Subfoveal  11 30 20/80 20/400 Larger Leakage

*The other eye of the previous patient. 
PDT = Photodynamic therapy; BCVA = Best-corrected visual acuity; FA = Fluorescein angiography

TABLE IV - CLINICAL CHARACTERISTICS AND OUTCOME OF EYES OF GROUP 2 (early retreatments)

Eye Lesion Lesion PDT Follow-up, Initial Final Anatomic FA
no. size, µm location no. mo BCVA  BCVA outcome outcome

1 1100 Subfoveal 12 30 20/20 20/800 Larger, scar No leakage
2 3400 Subfoveal 10 27 20/100 Counting fingers Larger, scar No leakage
3 4600 Subfoveal 9 21 20/200 Counting fingers Stable,scar No leakage
4 2100 Juxtafoveal 9 25 20/25 Counting fingers Larger, scar No leakage
5 700 Juxtafoveal 10 25 20/80 Counting fingers Larger, scar No leakage
6 4200 Subfoveal 11 23 20/100 20/400 Larger, scar No leakage
7 900 Juxtafoveal 8 21 20/40 20/400 Larger, scar No leakage
8 2400 Subfoveal 9 20 20/100 20/50 Smaller Leakage  
9 5800 Subfoveal 6 19 20/100 Counting fingers Larger, scar No leakage

10 3200 Subfoveal 7 18 20/200 20/200 Stable No leakage
11 3400 Subfoveal 4 15 20/80 20/200 Larger Leakage
12 2700 Juxtafoveal 4 14 20/50 Counting fingers Larger, scar No leakage
13 5000 Juxtafoveal 4 12 20/25 20/200 Larger Leakage

PDT = Photodynamic therapy; BCVA = Best-corrected visual acuity; FA = Fluorescein angiography
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of Group 1 were found to have a final best-corrected
visual acuity equal to or less than 20/400. Enlarge-
ment of the CNV was documented in 7 eyes of Group
1 (63.6%) at the final follow-up. 

The results were similar in Group 2. The mean final
best-corrected visual acuity did not differ significantly
between the two groups (p=0.5228). In Group 2, the
mean final best-corrected visual acuity (0.07±0.1) was
significantly lower compared to that of the baseline
(0.38±0.3) (p=0.0056). At the end of the follow-up time,
the best-corrected visual acuity decreased in 11 (84.6%),
stabilized in 1 (7.7%), and improved in 1 (7.7%) of the
total 13 eyes of this group compared to the baseline.
In all, only 3 of the 13 eyes of Group 2 (among them
the one with better visual acuity) continued PDT be-
cause of the presence of leakage at the end of the
follow-up time. Nine of the 13 eyes (69.2%) of Group
2 were found to have a final best-corrected visual acu-
ity equal to or less than 20/400. Enlargement of the
CNV was documented in 9 eyes of Group 2 (69.2%)
at the final follow-up.

Among the total 24 eyes that were treated with PDT
because of macular CNV due to angioid streaks, the
mean final best-corrected visual acuity (0.06±0.08) was
extremely significantly lower compared to that of the
baseline (0.33±0.27) (p = 0.0001). The final best cor-
rected visual acuity decreased in 21 (87.5%), stabi-
lized in 2 (8.3%) and improved in only one (4.2%) of
the total 24 eyes. In all, 19 of the 24 eyes (79.2%) had
a final best corrected visual acuity of equal or less than
20/400 and 16 (66.7%) presented an enlargement of
the CNV in FA at the end of the follow-up time. 

Among the 15 eyes with subfoveal CNV the mean fi-
nal best-corrected visual acuity (0.06±0.1) was signif-
icantly lower compared to that of baseline (0.22±0.23)
(p=0.0295). The results were similar or worse in the
nine eyes with juxtafoveal CNV. Among these latter eyes
the final best-corrected visual acuity (0.06±0.06) was
significantly lower compared to that of baseline
(0.52±0.23) (p = 0.0006). PDT-related ocular compli-
cations were not reported in any of the study patients.

DISCUSSION

The most serious complication of angioid streaks is
the development of CNV, which if left untreated leads
to irreversible loss of central vision (3, 4).

Laser photocoagulation is of limited value in pa-
tients with CNV due to angioid streaks (5-10) as the
recurrence rate is high (11, 12) and the final results
rather disappointing (3). Recently, limited macular translo-
cation was used as a new surgical approach to the
management of a few eyes with subfoveal CNV sec-
ondary to angioid streaks with encouraging prelimi-
nary results (13, 14). 

PDT was also researched as an alternative treat-
ment for subfoveal CNV due to angioid streaks with
controversial results. In 2000, Sickenberg et al (15)
reported that PDT achieved a short-term (12-week)
cessation of FA leakage from CNV secondary to an-
gioid streaks in only one eye. Two years later, Kara-
corlu et al (16) concluded that “PDT generally
achieved short-term cessation of/or decrease in FA
leakage from subfoveal CNV without loss of vision”
in a small series of patients with angioid streaks (8
eyes of 8 patients). However, 1 year later, Shaikh et
al (17), studying 11 eyes of 9 patients, concluded that
“PDT for CNV associated with angioid streaks does
not appear to significantly alter the course of this dis-
ease with most eyes undergoing enlargement and dis-
ciform transformation of the neovascular process.”

Our results in a larger series of patients (24 eyes of
22 patients) with a long follow-up confirm the disap-
pointing functional and anatomic results of Shaikh et
al (17). The greatest number of our patients showed
progression of CNV to disciform scar (75%) and a best-
corrected visual acuity of less than 20/400 (79.2%). 

Further, we examined the effectiveness of aggres-
sive PDT management of eyes with macular CNV sec-
ondary to angioid streaks performing early retreat-
ments every 8 weeks when indicated. The results of
PDT in this group of patients were similarly not en-
couraging as they did not differ significantly from the
results in the group of patients with conventional PDT. 

Only one of our study eyes presented a functional
and anatomic improvement after 20 months of fol-
low-up and 9 PDTs (Case 8 of Tab. IV). However, even
for this eye the results cannot be considered final,
since during the last follow-up examination leakage
from the macular CNV persisted on FA and retreat-
ment with PDT was administered. 

In conclusion, PDT is not an effective treatment for
macular CNV associated with angioid streaks even
when retreatments are performed earlier than the con-
ventional time of 3 months. Most likely, the combi-



Ladas et al

73

nation of PDT with other macular CNV treatment modal-
ities, such as intravitreal triamcinolone acetonide, anecor-
tave acetate, or antivascular endothelial growth fac-
tor, or a surgical approach such as limited macular
translocation will prove more effective in the man-
agement of this disease with guarded prognosis in
the future.
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