












Treatment ofage-related subfoveal neovascular membranes by teletherapy: a pilot study

Figure 8 Fluorescein
angiogram ofafundus ofa
control patient at
presentation (A) and at 9
months'follow up (B). The
NVM has doubled in size.

Fig 8A Fig 8B

During the period of the study none of the
irradiated patients showed funduscopic or angio-
graphic evidence of radiation induced vas-
culopathy.

Control patients
Six control patients were followed up for a period
of 12 months and there was a mean reduction in
visual acuity of 2-6 lines (Fig 3A) which was
associated with a mean increase in size of the
SNVM to 195% ofbaseline (Fig 3B). The fundus
picture of these patients worsened significantly
during the period of this study and fluorescein
angiography showed progressive increase in size
of the NVM (Fig 8). One further control, who
was followed up for 9 months, maintained acuity
at baseline level and an unchanged neovascular
membrane on angiography. Two controls had
follow up angiographic data at 18 months and the
neovascular membranes had increased in size by
280% on average.

Statistical analysis
When data from treated patients were examined
independently to reflect the two doses of radia-
tion administered, there were no significant
differences in visual acuity and angiographic
appearances between the two treated groups at
any time interval and between control and either
of the treated groups at 3 months' follow up.
Significant differences were present (p<005)
between control and each ofthe treated groups in
terms of angiographic appearance at 6, 9, and 12
months. At 18 months the differences were not
significant owing to the small numbers in each
group. When data from the two treated groups
were pooled there were significant differences in
visual acuity (p<005) and angiographic appear-
ance (p<0 01) between control and treated
patients at 6, 9, and 12 months' follow up.

Discussion
Studies of the natural history of eyes with
subfoveal neovascular membranes have shown
that visual outcome is poor.'2 The recent Macu-
lar Photocoagulation Study Group (MPS) study,

which compared the results of foveal ablation
using laser photocoagulation versus no treat-
ment, reported that untreated eyes showed
smaller decreases in visual acuity in the first 3
months offollow up than treated eyes.3 However,
in the long term treated patients fared better than
controls in terms of reading ability and central
contrast sensitivity thresholds, and on average no
visual benefit was observed until 18 months
following treatment.3 Perifoveal laser photo-
coagulation of subfoveal neovascular lesions has
also been shown to be effective in the short term
preservation of visual acuity although the major-
ity of patients (76%) had suffered a six line visual
loss by 42 months.'0 These results amply illus-
trate the inexorable loss of vision which typically
occurs in eyes with SNVMs and the limited
therapeutic options available for patients pre-
senting with, or developing, such membranes.

Inactive and self-limiting subretinal neo-
vascularisation has been described in age-related
macular degeneration by Jalkh et all'; however,
these membranes were typically ill defined,
showed minimal leakage of dye on fluorescein
angiography, and occurred predominantly in
patients over the age of 80 years. All the patients
in our series had well defined membranes that
leaked dye profusely into the subretinal space,
and occurred on average in a younger age group
(mean age 72-3 years).

Ionising radiation has a profound inhibitory
effect on vascular endothelial cell proliferation in
vitro,'2 and single doses of 8 7 Gy of x rays
prevent cell division in established human vas-
cular endothelial cell cultures. 3 Focal irradiation
using plaques incorporating 125I seeds delivering
doses in excess of 9 5 Gy can prevent the
vascularisation of perforating scleral wounds in
the rabbit.5' These observations along with evid-
ence that mature retinal and choroidal vessels can
sustain cumulative doses ofradiation up to 25 Gy
without observable damage,'4 and that the retinal
neuropile can survive similar or greater doses of
fractionated radiation without permanent func-
tional or structural changes,7' formed the basis
for the use of radiotherapy in the treatment of
proliferating SNVM ofARMD.

In the present work, radiotherapy had an
inhibitory effect on subretinal neovascular mem-
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branes in 68% of treated patients by 6 months
post-radiation, as judged by atrophy of capil-
laries at the growing edge and a decrease in the
extent of dye leakage during fluorescein angio-
graphy. By 12 months' follow up the NVMs in
83% of patients had undergone considerable
shrinkage although the larger and more compe-
tent feeding channels within the neovascular
network tended to persist. Although the vaso-

occlusive response became obvious as a gradual
shrinkage of the neovascular membrane at 6
months post-irradiation, occasionally a more

rapid closure of part of the neovascular network
occurred and was suggestive of infarction. Post-
radiation atrophy oftheNVM probably occurred
secondary to vascular endothelial cell death, local
thrombosis, and capillary closure.'4 It is also
likely that removal of highly radiosensitive
macrophages' from the vicinity of the SNVM
deprived the new vessels of vital cytokines neces-

sary for growth and maintenance.
At the time of patient enrolment into the study

most SNVMs were clearly defined on fluorescein
angiography. However, in a small proportion of
patients the neovascular membrane was not
outlined in its entirety before radiotherapy,
because of subretinal haemorrhage, pigment
epithelial hypertrophy, or hyperplasia. Failure to
measure the full extent of neovascularisation
before treatment would have tended to under-
estimate the effect of radiotherapy and accord-
ingly patients were not excluded on this basis.
Angiography was scheduled for all patients on

the day preceding radiotherapy. However, this
was not accomplished in four patients. In three
patients (Nos 9, 16, 22) radiotherapy was under-
taken within a few weeks ofangiography. But in a
fourth patient (No 24), 2 months had elapsed
between angiography and treatment. In all
patients immediate pre or pertreatment angio-
grams showed a significant increase in membrane
size from the time of diagnosis, usually 2 to 12
weeks before radiotherapy. Hence the calcula-
tion of percentage change in membrane area in
the four patients who did not undergo angio-
graphy just before radiotherapy probably
resulted in an underestimation of the effect of
treatment.

In the present study, a dose of 10 Gy was

initially administered to patients and was chosen
on the grounds of experimental evidence,5610
which suggested that actively replicating vas-
cular endothelial cells would be sensitive to
radiation levels in excess of 9 Gy. However,
membrane regression and improvement in vision
was often not evident until 6 months after
treatment and the dose was increased to 15 Gy in
an attempt to promote an earlier response to
therapy. Although this measure resulted in a
more dramatic reduction in membrane size in
two patients as judged by angiography at 3
months post-radiation, statistical analysis
showed that the influence of dose change on
membrane regression did not achieve signifi-

cance at any of the time intervals studied. Also,
comparison of visual acuities between patients
who received 10 Gy or 15 Gy showed no signifi-
cant differences at any point in the study.
Most patients who responded positively to

radiotherapy had stable or improved visual

acuity and enhanced reading vision at their 12
month follow up assessment (63%). Stable or
improved visual acuity generally correlated with
regression ofthe neovascular membrane as docu-
mented by fluorescein angiography. In three
patients, however, despite early evidence of
membrane regression, continued deterioration of
vision occurred. The reason for vision failure in
these patients was not clear, although the pres-
ence of a large established membrane and patho-
logical changes at the outer retina on treatment
may have compromised visual function to an
extent where recovery was not possible despite
membrane regression. In one patient who had
received the higher dose of 15 Gy visual decline
was attributed to cataract formation. However,
lens opacification did not appear to be a major
problem following radiotherapy as none of the
other patients in the series developed this com-
plication. Even if cataract formation were a long
term effect, it is eminently manageable and
would be an acceptable complication in the event
of a stabilised maculopathy.
One of the limitations of the present study is

the relatively short follow up time although all
treated patients had been followed for 1 year or
longer. The randomised controlled MPS study
comparing the effect of laser photocoagulation on
subfoveal neovascular membranes showed that
by 12 months' follow up the mean decrease in
visual acuity in untreated eyes was 3 -7 lines.'5 All
but one of the control patients in the present
study showed a progressive loss of vision, which
was consistent with results of the MPS study. In
contrast, visual acuity in the majority of patients
receiving radiotherapy was maintained or
improved and was significantly different when
compared with the control group.
The use of highly collimated beams of 6 MV

photons to treat the macula required accuracy of
beam alignment and immobilisation of the
patient and the eye. This was accomplished using
a linear accelerator and a treatment plan that
utilised a high definition CT scan to target the
macula with the patient's head immobilised in a
custom made mould. During treatment patients
appreciated phosphene images which was con-
firmation that the retina was exposed to radia-
tion.
This investigation was designed to determine

whether low dose radiation to the macular region
could influence the natural course of age-related
subfoveal neovascularisation. This study pro-
vides evidence of a therapeutic effect, which in
the majority of cases was positive and associated
with stabilisation or slight improvement in
central visual functions. We now believe it
appropriate to proceed to a prospective ran-
domised control study to test this hypothesis
further.
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