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Symmetry of disciform scars in bilateral age-related
macular degeneration

Michael J Lavin, Bora Eldem, Zdenek J Gregor

Abstract
The size of the final macular scar in subretinal
neovascularisation (SRNV) is one of the most
important determinants of final visual function
in patients with subfoveal disease. We studied
patients with bilateral macular scars from age-
related subretinal neovascular membranes
retrospectively in order to determine whether
or not fellow eyes behave similarly. We found a
significant correlation between eyes in terms
of final scar size (r=0.50, p<001). We found
that 50% of fellow eyes with large macular
scars (>3x 10' pm2) had similar sized lesions,
while only 16% of fellow eyes with small
macular scars (<0-5 x 10' p[m2) had large scars
(p<001). We discuss the significance of these
findings in relation to the pathogenesis of
subretinal neovascular membranes, and their
implications for treatment.
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Age-related macular degeneration (AMD) is the
major cause of visual loss in the elderly.'
Approximately 10% ofpatients with AMD suffer
subretinal neovascular membrane (SRNVM)
formation and its complications, though this is
responsible for most of the legal blindness in this
disease.2 When eyes with similar visual acuities
are compared, patients with SRNVMs have
much poorer visual function than those with
other forms of AMD.3 Since the quality of para-
central visual function is related to the retinal
distance from the fovea,4 and exudative AMD
has a high incidence of bilaterality,5 we wished to
know whether or not the retinal scar size result-
ing from exudative AMD was similar between
eyes in bilateral cases. This could provide useful
information on the likely visual prognosis in the
good eye in individual patients and have import-
ant implications for possible treatment.
There is evidence that features of non-

exudative AMD are symmetrical6 and that the
type and extent of drusen formation is highly
correlated between eyes in patients with non-
exudative AMD.* Although symmetry has been
demonstrated for one complication of AMD,
namely tears of the retinal pigment epithelium,8
it is not known whether or not the high degree of
concordance seen in drusen is rejected in the
behaviour of other exudative complications of
AMD. Since SRNVMs form the bulk of cases of
exudative AMD,9 we limited our study to cases
with documented SRNVM formation.
While these SRNVMs may under some cir-

cumstances be amenable to laser treatment,' 0" a

large number of SRNVMs are not treatable by
conventional means. 10 Since the final scar size, in

*Barondes MJ, Pauleikhoff D, Chisholm IH, Minassian D, Bird
AC, unpublished.

the presence of foveal involvement, is a major
determinant of subsequent paracentral visual
function,'2 some workers have suggested that
ablation ofsubfoveal membranes may be justified
in order to limit the final scar size and reduce the
resultant scotoma'3 14 when the fellow eye has a
poor outcome from AMD. The final scar size
resulting from SRNVMs can be highly variable.
We wished to know whether or not it would be
possible to identify factors indicating a high risk
of large scars' forming.

Material and methods
We performed a retrospective study of patients
with bilateral disciform macular scars resulting
from age-related macular degeneration. Con-
secutive patients with bilateral disciform macular
scars were identified from a database of patients
attending the Retinal Diagnostic Department at
Moorfields Eye Hospital. Stereoscopic colour
photographs and fluorescein angiograms were
examined in order to determine eligibility.
Patients were included in the study only if their
bilateral macular scarring was the result of
subretinal neovascular membrane formation
secondary to age-related macular degeneration.
Patients with pigment epithelial detachment
were included if there was clear evidence of
subretinal neovascularisation. Patients with
atrophic macular lesions, or geographic atrophy,
were excluded. Patients who had had laser
photocoagulation to either eye at any time were
excluded. A minimum duration of subretinal
neovascularisation of six months was required.

Stereo colour photographs and fluorescein
angiograms were examined independently by
two observers (ZJG and MJL), and scar size was
measured by a standardised photographic slide
overlay.5 The scar size was ascertained from
colour photographs and fluorescein angiograms
by measuring from the edges of subretinal fibro-
vascular tissue. The extent of subretinal fluid or
blood was not included in these measurements.
The area of fibrosis apparent on the colour
photographs was usually less than the area of
neovascularisation visible angiographically, and
where a difference existed the larger measure-
ment was used. Area approximations were
arrived at by multiplying the length of the
longest axis of the scar wth the scar diameter
perpendicular to it.
A total of 100 patients with bilateral established

macular scarring resulting from subretinal
neovascularisation in age-related macular
degeneration were identified. Of these, 19
patients were not included owing to inadequate
follow-up, leaving a study population of 81
patients.

Interobserver agreement error was tested with
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a random series of 10 eyes. Measurements were
similar between two observers for 10 eyes, with
no error exceeding 10%.

Results
The patients ranged in age from 54 to 86 years,
with a mean of 69-7 (SD 17-0) years (Fig 1).
Patients with large scar sizes (>3x 106 iLm')

soW-M 70-79 s0o tended to be older than those with small scars,
Age (years) but this difference was not statistically signifi-
Age and sex cant. Analysis of covariance found age was not a
ofppatients. variable associated with scar size.re data not
ir 4 patients. The distribution of scar size in our patients

(Fig 2) appeared to have two peaks: an initial
peak of under 0-5 x 106 pM2 in area, accounted
for 50/162 (30-9%) of eyes. While 28 eyes
(17-2%) had scar sizes ranging between 0-5 and
0 99x 106 pm2, only small percentages of eyes
fell in the intervening ranges of 1 to 3 x 106 pM2
in area. A second peak was found in the 3 to 4x
106 [tm2 range which accounted for 42/162
(25-9%) of eyes (Fig 2).

Scars of less than 0-5X 106 [im2 in area were
found in 50 eyes of 36 patients. The distribution
of scar sizes in the fellow eye of patients with one
scar measuring less than 0 5 x 106 tim2 is charted
in Figure 3. In 38-8% (14/36) of fellow eyes, scars
measured less than 0-5x 106 Vim2, and 61-1%
were less than lx106 pm2 in area. Only 16-7%
(6/36) had large scar sizes (>3 x 106 1Im2).

Scars measuring 3X 106 jIm2 or more in area
were identified in 42 eyes of 28 patients. The
distribution of scar sizes in the fellow eye of
patients with one scar measuring 3 x 106 pin2 or
more is charted in Figure 3. In 21-4% (6/28) the
scar in the fellow eye measured less than 0-5x
106 PMi2, and in 28-6% (8/28) measured less than
lx 106 ,m'. In 50% (14/28) the fellow eye scar
was 3 or more x 106 tLm' in area.
We compared the distribution of scar sizes in

fellow eyes of eyes with small scars (<0-S x 106
jim2) with that of fellow eyes of eyes with large
scars (>3-Ox 106 Im'2). The data summarised in
Figure 3 were grouped into three size distri-
butions (c0-99x106 jim', 1-0-2-9x106 jim',
and >3-Ox 106 pM2) to allow for small data sets
in the mid range of sizes. A significant difference
in distribution between the groups was found
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Figure 2 Distribution ofmacular scar sizes in all eyes.
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Figure 3 Fellow eyes ofsmall scars compared withfellow
eyes oflarge scars by scar size. (X'=20-07, =2, p<0-001).
[]=Fellow eye ofsmall scar. =Fellow eye oflarge scar.

with the XI test (X'=20-07,2 degrees of freedom,
p<O-OOl).

Figure 4 demonstrates that a correlation exists
between the scar size in one eye and the scar size
in the fellow eye. Although a number of outliers
exist, a clear uptrend is present (r=0-53,
p<0-001; 95% confidence level for correlation
coefficient: 0-37-0-77).
We also assessed the degree of concordance of

scar size using the x statistic.' This produced a
weighted x score of 0-547 (standard error=
0-153), indicating a degree of concordance rated
as 'fair to good'.'6
We examined the scar sizes in 20 pairs of eyes

with a minimum of six months' follow-up, and
compared them with a group of 18 eyes with a
minimum of three years' follow-up. There was
no significant difference in the distribution of
scar sizes between the two groups (p=0-36). We
were concerned that eyes with a shorter duration
of follow-up might have had evolving lesions
which had not yet reached their final scar size.
We re-examined the question of concordance of
scar size for 43 patients with a minimum follow-
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Figure 4 Area ofscar: right and left eyes ofpairs compared.
Numbers on chart refer to number ofpairs ofeyes located at
similar points. Line ofbestfit has been added (r=0-53,
p<0-001; 95% confidence levelfor correlation coefficient:
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up period of 12 months, and found a weighted x
score of 0-68. The time of presentation did not
appear to influence subsequent scar size - that is
the first affected eye did not have a tendency
towards larger or smaller scars.
We examined lesions for the presence of

pronounced pigmentation, intraretinal exudate,
and persistent subretinal fluid. We identified 17
eyes in which pigment was a major feature of the
AMD lesion. In eight eyes (47%) the macular
scar size was less than 1I5 x 106 [Lm2, while only
12-7% eyes with no pigment epithelial hyper-
plasia had lesions of this size (p<0-001).

Circinate exudate was identified as a major
feature of macular scars in 14 eyes, 12 of which
(85 -7%) had lesions measuring more than 3x 106
Im2.

Discussion
We have found a relationship between the scar
size of one eye and the size of the scar in the
fellow eye of eyes with SRNVM secondary to
AMD. This implies that factors peculiar to a
particular patient have an important role in
determining how advanced the process of sub-
retinal neovascularisation and fibrosis may
become. It has been noted that patients with
AMD are significantly more likely to have a
family history of central visual loss suggestive of
AMD than controls.2 That genetic factors may
contribute to the risk ofAMD is suggested by the
report of monozygotic twins with similar AMD
lesions.'7 This is supported by the finding that
patients with AMD may have raised serum
caeruloplasmin levels, and that this abnormality
may be familial.'8 The lower incidence ofAMD
in Asians'9 and blacks20 provides further evidence
for the importance of inherited factors.

Systemic associations with AMD have been
documented, and these include elastotic
degeneration of the dermis,2' reduced hand grip
strength,2 and cigarette smoking.2 It is possible
that the similarity in scar sizes between eyes in
the same individual may reflect the effect ofsome
underlying inherited or systemic factor on the
behaviour ofSRNVM complicating AMD.

Alternatively factors peculiar to the eyes, but
symmetrical, may influence scar size. A recent
study has found a marked degree of concordance
in the characteristics of drusen of eyes with
AMD in the absence of SRNV.* While our study
shows a degree of concordance, it is lower than
that found by Barondes et al, * and it may reflect
the multitude of factors involved in fibrovascular
scar formation. Since drusen type determines the
relative risk of SRNVM formation,2223 the high
degree of symmetry of drusen type and extent
found by Barondes et al* may be a factor in the
high frequency of bilaterality and the symmetry
of SRNVM secondary to AMD.
We have noted that almost half the eyes (47%)

with pigmented scars have lesions measuring less
than l-5x106 iim2. The retinal pigment
epithelium plays a part in regulating the
behaviour of SRNVM complexes,24 and it is
possible that this could be a factor in determining
the final scar size and the correlation between

*Barondes MJ, et al unpublished.

eyes. It is not clear at what point in the evolution
of a SRNVM this feature becomes evident, but
this could have prognostic implications.
Most of the eyes with considerable exudation

had large macular scars (85 7%), and this may
reflect the activity of the underlying SRNVM, or
its choroidoretinal vascular shunts. While a good
degree of concordance of scar size between eyes
was found for the study group as a whole (x=
0 54), we found that the degree of concordance
was increased when we considered only those
patients with at least 12 months' follow-up (x=
0 68). This implies that some of the variation
between eyes may be attributed to lesions which
are slowly evolving and have yet to reach their
final scar size.
Our findings have implications for treatment

of individual patients. It is not uncommon to
encounter a patient with an established macular
scar from SRNVM secondary to AMD in one
eye, and a SRNVM within the foveal avascular
zone in the fellow eye. In such patients treatment
carries a significant risk of compromising foveal
function.'4 While SRNVMs with large vascular
channels are thought to have slower growth,25 a
recent study could not identify any morpho-
logical features indicative of rapid growth.26 Our
results suggest that, in patients whose established
macular scar is small, the risk of developing a
large macular scar in the remaining eye is
approximately 16%, and aggressive treatment in
these patients may not be justified. By contrast,
in patients with a large established scar the risk to
the paracentral visual function ofthe fellow eye is
considerable, since 50% develop large scars, and
aggressive treatment in these cases could be
considered.
A further clinical problem is that of the eye

with a single large scar resulting from SRNVM
secondary to AMD, and a fellow eye with AMD
but no evidence ofSRNVM formation. Previous
studies have suggested that these eyes are exposed
to a 7-15% cumulative annual incidence involve-
ment of the fellow eye with SRNVM.527 This
implies that 30-50% of fellow eyes would have
suffered SRNVM at five years. Since 50% of
these eyes will have large scars, 25% of the
original group are likely to develop bilateral
severely incapacitating macular lesions. If one
arbitrarily defines a large scar as any lesion larger
than 2-0x 106 tLm2, then the percentage rises
to 32%.

In a review of a sequential series of patients
with SRNVM formation secondary to AMD, the
majority had scar sizes larger than one disc
diameter (68%).9 It is interesting to note a
biphasic distribution of scar size in the study (Fig
2). This biphasic peak suggests that different
factors determine whether an eye develops either
a small or a large scar. Such an 'on or off'
response is compatible with several types of
cellular phenomena, and may be the end result
of a retinal environment inhibitory to or stimu-
lating SRNVM formation. In this light it is
interesting to note that the retinal pigment
epithelium may have a major role in regulating
the activity of laser induced experimental
SRNVMs24 and of vascular endothelial cells.28
Some evidence suggests that inflammatory

and immunocompetent cells may play a part in
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the genesis of both the atrophic forms of AMD29
and its neovascular complications.n0 Immuno-
logical responses vary markedly between
individuals, and can effect damping or recruit-
ment - that is, 'on or off responses. It is possible
that factors such as these may explain in part the
marked variation between individuals in final
scar size, the close symmetry between eyes, and
the bimodal distribution of scar sizes found in
this study.
We considered whether our results could have

been the result of biased case collection. We
included all sequential patients who fulfilled the
entry criteria, but the high mortality in this age
group meant that a number of patients could
not be included owing to inadequate follow-up.
However, we found no obvious differences in the
initial photographs of those patients with
inadequate follow-up compared with those
entered in this study. It is possible that the high
peak in the group with large scars may represent
patients with severe disease who attend fre-
quently for visual aid; however, we found no
difference in follow-up between the small scar
and large scar groups.

In summary, we have found that eyes with a
large macular scar resulting from age-related
SRNVM formation have a high probability of
developing a large scar if SRNVM forms in the
remaining eye. This has implications for the
management of patients and for the design of
clinical trials.

We are grateful to Professor Alan Bird for his helpful comments
and advice.
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