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Aim: To evaluate the results of a retreatment modality of photodynamic therapy (PDT) based on optical
coherence tomography (OCT) and fluorescein angiography (FA). To quantify the effect of PDT with the
help of measurement of the retinal thickness.
Methods: Eyes with predominantly classic subfoveal choroidal neovascularisation (CNV) due to age
related macular degeneration were included. PDT was performed every three months, when needed. OCT,
FA, and measures of distance acuity were performed at baseline, after 6 weeks, 3 months, and from then
on every 3 months. A control group of a consecutive series of eyes that had been retreated based only on
FA results was installed.
Results: Forty eyes of 38 patients were included. The average age was 73 years. The maximum retinal
thickness decreased from 404 mm at baseline to 281.6 mm at month 12. Furthermore there was a
significant decrease of retinal thickness in both subgroups. The number of retreatments was reduced, when
activity was diagnosed using OCT and FA. (2.4 v 4.0). The distance acuity correlated significantly with the
maximum retinal thickness (p = 0.0042).
Conclusion: Information about the activity of a neovascular lesion can be obtained with the help of OCT.
The retreatment modalities can be optimised by using OCT and FA and the number of retreatments can be
reduced.

P
hotodynamic therapy (PDT) is a new therapeutic option
in the therapy of choroidal neovascularisations (CNV) of
different aetiology.1–3 The efficacy of PDT in cases of CNV

due to age related macular degeneration has been proven in
randomised multicentre clinical trials (TAP1 2). The eligibility
for this treatment is based on fluorescein angiographic
findings. Optical coherence tomography (OCT) is, compared
with fluorescein angiography (FA), a non-invasive and non-
contact imaging modality producing cross sectional images of
retinal tissues.4 OCT provides an objective test for quantita-
tive evaluations of the retinal thickness.5 In the FA the
amount of retinal oedema can only be estimated, based on
the amount of leakage. In our study, we examined whether it
is possible to quantify the effect of PDT with the help of OCT.
Retreatment was based on FA and OCT findings. The results
were compared with the results of a consecutive series of eyes
that had been retreated only based on the results of FA.

PATIENTS AND METHODS
Between April 2000 and June 2002 eyes with subfoveal
predominantly classic CNV as a result of age related macular
degeneration,6 that had been treated with PDT, were enrolled
in our study.
PDT was performed according to the TAP1 guidelines. The

intravenous infusion of 6 mg/m2 body surface area of
verteporfin (Novartis) was followed by irradiation 15 min-
utes after the start of sensitiser administration, with light at
689 nm, delivered by an ocular photoactivation diode and
laser linked slit lamp (Coherent Inc, Palo Alto, CA, USA). The
spot size was 1000 mm larger than the greatest diameter of
the lesion measured in FA. Retreatment was performed every
three months if any activity was seen in FA and OCT
(subgroup 1). A control group of a consecutive series of 12
eyes treated after November 2001 was installed (subgroup 2).
These eyes were treated if any leakage in the late phase
angiograms could be seen. Signs, obtained with the OCT, of
an active leaking membrane needing retreatment were:

1. detachment of the neurosensory retina;
2. increase in retinal thickness;
3. retinal thickness greater than 250 mm; and
4. fibrovascular detachment of the retinal pigment

epithelium (RPE).
An OCT scan and FA images of an eye showing signs of
activity is presented in line 1 of figure 1
At baseline (examination 0: between 1 and 7 days before

treatment) and the follow up (6 weeks: examination 1,
3 months: examination 2, and then continuing every
3 months after treatment: examination 3, 4, 5, …) the
following examinations were performed: best corrected
distance acuity tested with standard ETDRS charts,7 FA,
and OCT.
A decrease in distance acuity of more than one line was

counted as visual loss. Deterioration or improvement of one
line or less was defined as unchanged. Increase of distance
acuity of more than one line was called improvement.
FA and the measurement of the lesion size were performed

with the Heidelberg retina angiograph (Heidelberg
Engineering, Heidelberg, Germany). Six to eight pictures
were taken in the early phase after injection, then every
15 seconds, after 1 minute, after 2 minutes, and finally late
pictures after 5 and 10 minutes.
OCT was performed in mydriasis with the Humphrey

optical coherence tomography scanner (Humphrey
Instruments, Inc, Carl Zeiss, San Leandro, CA, USA).
Scanning was performed using an internal fixation beam or
an external fixation light for the fellow eye when internal
fixation was not possible. Six horizontal scans through the
center of the lesion, with a length of 2.83 mm, were
performed to provide a good transversal resolution.8 9

Computer controlled, manually placed cursors were used to

Abbreviations: CNV, choroidal neovascularisation; FA, fluorescein
angiography; OCT, optical coherence tomography; PDT, photodynamic
therapy; RPE, retinal pigment epithelium.
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measure the distance between the highly reflective
surface of the retina and the RPE, or the surface of the
neovascular membrane corresponding to the retinal thick-
ness. The maximal retinal thickness was measured by two
independent examiners (IK and PL). The OCTs, as well as
the FAs, were performed by experienced examiners (IK, SB,
US).

STATISTICAL METHODS
The agreement of the two measurements of the maximal
retinal thickness were investigated using Bland Altman’s
plot, the corresponding regression analysis that relates
patient wise differences to patient wise means of the two
measurements, and Pearson’s correlation coefficient. The
sensitivity of the maximal retinal thickness was explored
statistically by a regression analysis of the successive distance

acuity differences at time points 1 to 5 also accounting for an
influence of age as well as the correlation between successive
distance acuity differences from the same patient (assuming
autoregressive residuals). The effect of the treatment on the
successive distance acuity difference is analysed by a similar
regression analysis with treatment status (period with
treatment v period without treatment) as the only covariable.
This model was extended by the factor method (WB method)
and an interaction term between method and treatment
status to see whether the two methods lead to different
treatment effects. p Values below 0.05 were understood as
statistically significant.

RESULTS
Forty eyes of 38 patients could be included in the study: 28
eyes participated in subgroup 1 (retreatment based on OCT

Figure 1 Lines A–C show OCT scans
(left), early phase (middle), and late
phase (right) fluorescein angiography
images of two of our patients. (A) An
active lesion before photodynamic
therapy. The reflection from the retinal
pigment epithelium (RPE) is thickened
fusiformly, elevated, and not well
defined beneath (arrows), which is
consistent with a detachment of the
pigment epithelium. At the nasal side, a
detachment of the neurosensory retina
is present (asterix). (B) Optical
coherence tomography (OCT) and
fluorescein angiography (FA) of patient
KR. A 75 year old male one year after
the first treatment. He had received four
treatments by this time. The arrows
show a posterior, not well demarcated
(arrow head) thickening of the PE
choriocapillaris layer, representing the
fibrotic membrane. White lines and
arrows demarcate the greatest diameter
of the lesion in OCT and FA. There is a
partly increased penetration into the
tissue. The maximal retinal thickness is
202 mm (black arrows). The FA shows
well demarcated beginning
hyperfluorescence in the early phase
with staining in the late phase. The
patient was not treated any more. (C)
The same eye, with a recurrence, one
year later. Up to this time, stable fibrosis
was present. White arrows show the
elevated, posterior, not well defined,
hyperreflectivity with shadowing
(haemorrhagic detachment of the
pigment epithelium marked by an
arrow). The retinal thickness is
increased. The reflection from the RPE is
thickened. The FA shows blocked
fluorescein in the area of the RPE
detachment (black arrows). (D and E)
The program for retinal thickness
measurement was used. (D) The two
white lines are positioned correctly, one
line demarcating the retinal surface, the
other line demarcating the PE. Black
arrows show the point of maximum
retinal thickness. (E) OCT scans of the
same patient are presented. The retinal
thickness measuring program is not
useful in this case. The neurosensory
retina was very hyporeflective and the
retinal surface could not be found by the
OCT software. Unfortunately, it is not
possible to change the position of the
lines by the examiner. Manually set
cursers have to be used in this case.
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and FA), and 12 eyes in subgroup 2 (retreatment based on FA
only). The demographic data are presented in table 1.
The mean baseline best corrected distance acuity was 0.2

(range 0.1–0.6). These mean values remained unchanged
during the first year of follow up. The findings were similar in
subgroup one (0.2 at baseline and at month 12). In subgroup
two the mean values decreased from 0.25 to 0.16). After
12 months 37.5% had a loss of distance acuity of more than
three lines in the entire group, 17.8% in subgroup one, and
66.7% in subgroup two. The changes of distance acuity over
time are presented in figure 2.
The Bland Altman plot shows the agreement between the

two measurements (two independent examiners) of the
maximum retinal thickness. No statistically significant
difference is found in the related regression analysis (95%
confidence interval for mean the intercept is 24.35 to 1.69
and for the slope 20.00059 to 0.175). Pearson correlation
coefficient between the two measurements is 0.996.
The mean value of the maximum retinal thickness at

baseline was 404.4 mm (range 235.0–598.0) and decreased to
281.62 mm (range 208.0–458.0) after 12 months. In subgroup
one the values decreased from 394.3 mm (range 235.0–545.0)
to 272.1 mm (range 208.0–362.0). In subgroup two the
maximum retinal thickness decreased from 428.1 mm (range
282.0–598.0) to 303.8 (range 222.0–458.0) The maximum
retinal thickness from the OCT does significantly contribute
to a prediction of the successive differences of distance acuity
at time points 1 to 5 (p=0.0041). Age (p=0.6418) had no
significant influence on the successive distance acuity
differences. A slightly higher effect is observed in periods
with treatment than in periods without treatment (estimate
of difference (standard error) 0.028 (0.015); p value
p=0.057). No significant influence of the method on the
treatment effect (p=0.35) is found in the analysis.
The number of treatments was higher (4.0) in subgroup

two than in subgroup one (2.4). In subgroup two 18.2% at

month 3, 27.3% at month 6, 33.3% at month 9, and 42.9%
at month 12 would not have been treated including OCT
criteria for activity such as in subgroup one. The changes of
maximum retinal thickness are presented in figure 3.

DISCUSSION
The TAP study group has established treatment criteria for
PDT based on FA findings. Not only the classification of the
type and the composition of the neovascular lesion (classic,
occult, and mixed) but also the size of the lesion depend on
FA imaging. Recently published studies have shown a
considerable variability between different observers inter-
preting FA images.10 11 The decision for retreatment depends
on the presence of active leakage in the FA. Even after
multiple treatments, the fibrovascular tissue remains hyper-
fluorescent in the late frames. It may be interpreted
controversially, whether some active leakage is present or it
is only staining. The amount of leakage can only be estimated
by the observer in the FA.
The OCT provides objective measurement of the retinal

thickness depending on the amount of intraretinal or
subretinal fluid accumulations. The changes of retinal
thickness have already been used for evaluating the effect
of various therapies of diabetic macular oedema.12 13 or to
show the effect of submacular surgery.14 15 We found a good
correlation between the measurements of two independent
examiners. There was no statistically significant difference
between the measurements. The Pearson correlation coeffi-
cient between the two measurements was 0.996. The
maximum retinal thickness and the presence of structural
changes—such as detachment of the neurosensory retina or
detachment of the retinal pigmentepithelium—were used to
evaluate the activity of the neovascular lesion. More than
250 mmmaximum retinal thickness was counted as increased
retinal thickness. This corresponds to the data from Pascale
Massin et al.16 17 In normal subjects, mean retinal thickness
values are 170 (SE 18) mm for the central zone that is 500 mm
in diameter and 234 (SE 13) mm) for the temporal zone of a
disc 3000 mm in diameter. Rogers et al made a five stage
classification of eyes treated with PDT with the help of the
OCT. They confirmed the detachment of the neurosensory
retina as a sign of activity.18

The number of retreatments could be reduced by the help
of OCT. The mean number of treatments was 2.4 in subgroup
one compared with 4.0 in subgroup two. The distance acuity
remained stable in subgroup one and decreased in subgroup
two. The changes were not significant, partly because of the
differences of the two groups at baseline concerning age, sex,
and distance acuity. Although the observation time was at
least 36 months in subgroup one, we could observe only one
case of a recurrence one year after the fourth treatment (OCT
and FA of this patient are presented in lines 2 and 3 of fig 1).

Table 1 Demographic data

Entire group Subgroup 1 Subgroup 2

Female n, eyes (patients) 20 (18) 16 (15) 4
Male n, eyes (patients) 20 12 8
Age in years (range) 73 (50–88) 74 (53–87) 72
Treatments (range) 2.6 (1–4) 2.4 (1–4) 4.0 (1–5)
Follow up (range) 35 (24–48) 39 (32–48) 29 (24–32)
Mean VA baseline
(range)

0.2 (0.1–0.6) 0.2 (0.1–0.44) 0.25 (0.1–0.6)

Mean VA month 12
(range)

0.2 (0.08–0.7) 0.2 (0.08–0.6) 0.16 (0.05–0.7)
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Figure 2 Mean values of the letter scores over time. In the entire group,
and in subgroup one (retreatment guided by OCT and FA), the mean
values are nearly unchanged at month 12 compared with baseline. In
the subgroup two (retreatment based only on FA criteria) there is a
decrease of the mean values of the letter scores.
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Figure 3 Mean values of the maximum retinal thickness. There is a
significant decrease of maximum retinal thickness in all groups.
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Although PDT is the most selective kind of therapy of CNV we
know today, retinal atrophy anterior to the CNV or
surrounding it or damage to the RPE may occur in cases
treated with PDT. Unnecessary retreatments must be
avoided.19 PDT is a very expensive therapy. Even if there is
no difference in the results of the two treatment strategies
one has to avoid unnecessary retreatments. Furthermore, we
used the OCT to show the changes of retinal thickness
following PDT treatment. There was a significant decrease of
retinal thickness at the month 12 examination compared
with baseline in both groups. The maximum retinal thickness
does contribute significantly to a prediction of the successive
differences of distance acuity. Further randomised studies
with a higher number of participants will have to provide
further evidence that eyes not retreated in cases of inactivity
in the OCT reveal at least the same functional results and
have no higher risk of recurrences.
When the study was planned (2000), few experiences with

the examination of eyes with neovascular diseases of the
macular were available. In our study we used relatively short
scans with a length of 2.83 mm to obtain a very good
transversal resolution. However the problem of resolution
was overemphasised and larger scans would be preferable in
many cases (larger lesions). The regimen was not changed
later on to obtain comparable data of the follow up
examinations. In patients with low vision steady fixation is
a problem and the point of fixation changes when the visual
acuity decreases. It was not possible to obtain 100% identical
scans at the different examinations. To be able to obtain the
maximum retinal thickness multiple scans through the lesion
are necessary. The retinal mapping program provides mean
values of the retinal thickness of multiple measurements in
nine ETDRS areas.20 The reproducibility of this kind of
measurement of the retinal thickness is very high.
Unfortunately this software is not suitable in all cases of
neovascular lesions, because the boundary is automatically
identified by a threshold algorithm. In some cases the
reference point lies at the anterior boundary of the RPE,
and in some cases at the anterior boundary of the protruding
neovascular membrane (fig 1).

CONCLUSION
Changes in retinal thickness measured with the OCT can
provide evidence of the efficacy of PDT. With the help of OCT
it was possible to optimise the retreatment modalities. Fewer
treatments might lead to less damage of the retina, therefore
improving visual results without increasing the rate of
recurrences.
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