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Relation of the functional and structural fundus
changes after submacular surgery for neovascular
age-related macular degeneration

Henry L Hudson, Donald A Frambach, Pedro F Lopez

Abstract
Aims-This study was carried out to
investigate the precise pattern of visual
loss associated with subfoveal choroidal
neovascular membranes and the mecha-
nism by which vision is stabilised or
improved after submacular surgery.
Methods-Preoperative and postoperative
quantitative microperimetry using the
scanning laser ophthalmoscope was per-
formed on six eyes of five patients with
age-related macular degeneration who
underwent subfoveal choroidal neovas-
cular membrane excision. The relation of
the microperimetry findings to the pre-
operative and postoperative fluorescein
angiographic features was also assessed.
Results-Four of the six eyes had visual
improvement by the 6 month postopera-
tive visit; the other two had stabilisation of
vision at the preoperative level. Despite
these beneficial visual effects, none of the
patients fixated within the bed of the
excised choroidal neovascular membrane.
Subfoveal choroidal membrane excision
was associated with a 36% average
increase in the absolute scotoma at the 1
month postoperative visit, compared with
the preoperative size. The postoperative
scotoma appeared to remain stable or
decreased slightly in size between the 6
month and 1 year postoperative visits.
Recovery ofvision was associated with the
development of a more stable preferred
eccentric fixation locus, of which the dis-
tance from the centre of the foveal
avascular zone was related to final post-
operative vision. Most of the eccentric
fixation loci were inferotemporal to the
bed of the excised choroidal neovascular
membrane. The surgical retinotomy site
was associated with persistent postopera-
tive relative scotoma in five of the six
cases, but resolved in one patient after 1
year.
Conclusion-These findings indicate that
quantitative scanning laser ophthal-
moscope microperimetry may aid in the
surgical planning of subfoveal choroidal
neovascular membrane excision.
(BrJr Ophthalmol 1995; 79: 417-423)

Age-related macular degeneration is the
leading cause of irreversible loss of vision in
persons over age 50 in the United States and
other Western countries. 14 Subfoveal
choroidal neovascularisation and its sequelae

are responsible for up to 80% of the severe
visual loss in this condition.2 Recently, surgical
excision of subfoveal choroidal neovascular
membranes in eyes with age-related macular
degeneration has been shown to stabilise, and
in some cases even improve vision.5-7 The
precise pattern of visual loss associated with
subfoveal choroidal neovascular membranes,
as well as the mechanism by which vision is
stabilised or improved after submacular
surgery, is not understood, however. To inves-
tigate this, we performed preoperative and
postoperative microperimetry using the scan-
ning laser ophthalmoscope on six eyes of five
patients with age-related macular degeneration
who underwent subfoveal choroidal neovas-
cular membrane excision, and examined the
relation of these findings to the preoperative
and postoperative photographic and fluores-
cein angiographic features.

Materials and methods
Six eyes of five consecutive patients with age-
related macular degeneration who underwent
subfoveal choroidal neovascular membrane
excision were studied in a prospective manner.
The indications and surgical techniques have
been described previously6 The surgery was
performed by the same person (PFL). The
retinotomies for extraction of the subfoveal
choroidal neovascular membranes were per-
formed in exudatively detached retina 300 to
500 p1m from the temporal margin of the
lesions (500 to 2500 ,um from the centre of the
foveal avascular zone as seen on fluorescein
angiography). The location of the retinotomy
site was recorded intraoperatively in each
patient in relation to the posterior pole retinal
vascular landmarks, since the retinotomy site
was not identifiable clinically or angiographi-
cally following retinal reattachment.

Best corrected visual acuities on the Early
Treatment of Diabetic Retinopathy Study
chart8 and Guyton-Minskowski potential
acuity meter readings were obtained in each
patient at the preoperative visit and at each
postoperative visit. All patients had a preopera-
tive vision -20/200 (6/60). Slit-lamp and
fundus biomicroscopic examination, stereo
colour fundus photography, and Macular
Photocoagulation Study protocol fluorescein
angiography9 were performed on each patient
preoperatively, as well as at each postoperativL
visit. The choroidal neovascular membranes
were classified according to the guidelines of
the Macular Photocoagulation Study.9

Microperimetry was performed on all
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patients using the Rodenstock scanning laser
ophthalmoscope (Danbury, CT, USA) and
software from the Schepens Eye Research
Institute (Boston, MA) driving an 8-bit frame
grabber (FG-100, Imaging Technologies,
Woburn, MA, USA). All microperimetry
studies were performed by two of the authors
(HLH, PFL). The helium-neon laser was used
for both background illumination and target
presentation. The target was always darker than
the background. The background illumina-
tion (laser power) was always set at
4-6 microwatts (as measured at the cornea).10
The stimulus (target to background) contrast
settings used were 72% and 92% (92% contrast
is the maximum contrast that our scanning
laser ophthalmoscope was capable of generat-
ing). In this study, the 92% stimulus contrast
level was used for the detection mapping of
dense (absolute) scotomas. The 72% contrast
level was used to define relative scotomata. The
smallest scanning laser ophthalmoscope field
(40° or 600 in diameter) that encompassed the
entire lesion was used. The size of the test tar-
get on the retina was lOx 10 pixels. Assuming
an emmetropic eye, the approximate size of the
test target was 160 pum for the 400 field and
240 ,um for the 600 field. A 400 field size was
used in the first four patients (cases 1 to 4) and
a 600 field size was used in both eyes of case 5.
Kinetic microperimetry was performed using
techniques similar to those employed with a
Goldmann kinetic perimeter. Using the scan-
ning laser ophthalmoscope kinetic micro-
perimetry technique, the examiner was able to
view the macular pathology while performing
the microperimetry. No fixation target was
used because of the poor constancy of fixation
in these patients. For each patient, the kinetic
microperimetry test was performed by moving
the cross target from within the scotomatous
region towards the non-scotomatous periphery,
as well as from non-scotomatous periphery

Table 1 Clinical characteristics of the submacular surgery patients

Patient no, ETDRS
age (years), visual
sex, eye acuity* PAMt Choroidal neovascular membrane characteristics

1, 74, F, RE
Preop 20/200 20/70 Fibrovascular PED
3 Months 20/400 20/400
6 Months 20/200 20/200
12 Months 20/160 20/200

2, 84, F, RE
Preop 20/200 20/200 Well demarcated CNV/scar with prior laser
1 Month 20/400 20/300 treatment
6 Months 20/315 20/200
14 Months 20/200 20/200

3, 70, M, LE
Preop <20/800 <20/400 Well demarcated CNV/scar
6 Months 20/400 <20/400

4,75 M, RE
Preop <20/800 <20/400 Well demarcated CNV/scar
1 Month <20/800 <20/400
6 Months 20/400 20/400
12 Months 20/300 20/300

5, 71, F, RE
Preop <20/800 20/100 Well demarcated CNV/scar with small area
4 Months 20/400 20/300 of associated subretinal haemorrhage
6 Months 20/400 20/300
12 Months 20/400 20/200

LE
Preop <20/800 <20/400 Well demarcated CNV/scar

1 Month 20/400 20/400
6 Months 20/400 20/300

*Measured on the Early Treatment of Diabetic Retinopathy Study chart.
tGuyton-Minkowski potential acuity meter reading.
PED=pigment epithelial detachment; CNV=choroidal neovascular membrane.

towards the scotomatous region. The smallest
isoptre determined for each test stimulus was
mapped on an acetate overlay. Each acetate
image was then digitised using a DESKSCAN
system (Apple Computer, Cupertino, CA,
USA). Area measurements of each isoptre were
determined using an image analysis program
(Dapple Systems, Sunnyvale, CA, USA). For
these calculations, the long standing clinical
convention of considering the diameter of the
average optic disc to be 1500 ,um was used to
standardise our findings with those of current
prospective epidemiological studies of age-
related macular degeneration,'1 even though
1800 to 2000 ,um may be a better estimate of
the optic disc diameter.12 The reproducibility
of the quantitated scotoma areas was deter-
mined by three independent reproductions of
each acetate image, and three separate analyses
of each isoptre of eye for each image. The
reproducibility of the quantitated scotoma
areas using this method was found to be within
6-5% (range 2% to 10-3%). The microperi-
metry was analysed by the same person (HLH),
who was masked as to the fluorescein angio-
graphic appearance of the preoperative or post-
operative lesions. Fixation behaviour, when
possible, was determined by placing the stimu-
lus cross in the physiological blind spot (optic
disc) and asking the patient to search for, then
fixate on, the cross. The distance from the fixa-
tion locus to the centre of the foveal avascular
zone was then determined in millimetres. The
quality of fixation behaviour was graded in the
manner described by Acosta et al 13: grade 1,
undefined, with no preferred retinal area of
fixation; grade 2, preferred, but transient locus
of fixation detected; and grade 3, stable fixation
with a well defined retinal locus. The follow up
period was 1 year for four eyes and 6 months
for two eyes.

Optimal preoperative and postoperative
fluorescein angiographic frames were
enlarged and photographed. The margins of
each choroidal neovascular membrane were
outlined on the optimal photograph from the
preoperative fluorescein angiogram using the
guidelines suggested by the Macular Photo-
coagulation Study group.9 Each scored pre-
operative photograph was then digitised and
the lesion area was quantitated as described
above. The presence of postoperative chorio-
capillary atrophy was defined during the reti-
nal laminar venous phase of the fluorescein
angiogram as an area lacking a choriocapillary
blush in which normally fluorescent medium
and large choroidal vessels were visible
against a hypofluorescent background of bare
sclera or melanotic outer choroid. These areas
of postoperative choriocapillary atrophy were
usually well visualised on the preinjection
(red-free) fundus photographs as sharply
demarcated areas that lacked visible retinal
pigment epithelium and in which medium
and large choroidal vessels were identifiable
against the white background of bared sclera
or the mottled, darkened background of mela-
notic outer choroid. The margins of the area
of postoperative choriocapillary atrophy were
outlined on optimally enlarged photographs
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Table 2 Scanning laser ophthalmoscope microperimetry andfluorescein angiographic findings in the submacular surgery
patiants

Patient no, Retinotomy Fixation distance Preoperative choroidal Postoperative area
age (years) Abs 92% Rel 72% 72% in mm2 Fixation neovascular membranes of choriocapillary
sex, eye (mm2) (mm2) (mm2) (location) grade size* (mm2) atrophy (mm2)

1, 74, F, RE
Preop 3 9 0-5 (PF) 2 4-3
3 Months 7-6 9 4 1-1 1-9 (SN) 2 7-2
6 Months 7 9 4 1-2 1-9 (SN) 2 Not tested
12 Months 7-3 9-5 1-1 2-0 (SN) 2 7-4

2, 84, F, RE
Preop Not tested 2-2 (IT) 2 9-7*

1 Month 12-6 Not tested 2-2 (IT) 2 12-1
6 Months 13-5 17-9 1-6 2-2 (IT) 2 13
14 Months 13-6 17-2 1-5 2-1 (IT) 2 13-5

3, 70, M, LE
Preop 10-9 Unable 1 11-2
6 Months 17-9 23-4 1-7 3 0 (IT) 2 17-7

4, 75, M, RE
Preop 6-6 Unable 1 6-1
1 Month 12-4 13-6 1-3 Unable 1 13
6 Months 11-5 13-5 1-2 2-2 (IT) 2 Not tested
12Months 11-5 12-4 0 2-1 (IT) 2 12-3

5, 71, F, RE
Preop 21-6 Unable 1 22-3
4 Months 24-2 28-6 1-8 3 0 (IT) 2 23-6
6 Months 23-1 26-3 1-7 3 0 (IT) 2 22-8
12 Months 21-9 Not tested 1-7 2-6 (IT) 2 22-3

LE
Preop 20-2 23-3 3-9 (IT) 2 21
1 Month 27-9 31-4 1-7 4-0 (IT) 2 27-2
6 Months 26-3 30 1-7 3-8 (IT) 2 25-9

Abs 92%=absolute scotoma 92% contrast in mm2; Rel 72%=relative scotoma 72% contrast in mm2. Retinotomy 72%=/relative
scotoma associated with retinotomy site in mm2; Fixation distance=distance of preferred fixation locus from the centre of the
foveal avascular zone (mm); PF=parafoveal; SN=superonasal; IT=inferotemporal.
*Includes the previous photocoagulation scar area.

of the fluorescein angiograms obtained at preoperative level. No eye had a decreased
each postoperative visit. Each scored post- vision postoperatively.
operative photograph was then digitised and The preoperative and postoperative
used to determine the area of postoperative scanning laser ophthalmoscope micro-
choriocapillary atrophy using the methods perimetry findings are summarised in Table 2.
described before. The photographs were The average preoperative absolute scotoma
outlined by the same person (PFL), who was 15 2 mnm2 (range 3 9 to 21 6 mm2).
was masked as to the microperimetry results. Subfoveal choroidal neovascular membrane
If an angiogram performed at a postoperative excision was associated with a 5-5 mm2 (range
visit were of inadequate quality for assess- 3-7 to 7-7 mm2) average increase in the size of
ment, then that angiographic area was the absolute scotoma on the first postoperative
designated as not tested for that visit. The size of the absolute scotoma
visit. appeared to peak no later than the 6 month

postoperative visit. All of the retinotomy sites
were associated with a mean relative scotoma

Results of 1-5 mm2 (range 1-2 to 1-7 mm2) at the 72%
The preoperative vision was worse than 20/800 contrast level at the 6 month postoperative
(6/240) in four of the six eyes (Table 1). The visit. The retinotomy related relative scotoma
average postoperative vision at the final visit remained unchanged during the follow up
was 20/300 (6/90). The results of Guyton- period of five of six eyes, and resolved in one
Minkowski potential acuity meter testing did eye (case 4) at the 1 year postoperative visit.
not appear to be related to the immediate or Fixation testing revealed that none of the
final postoperative vision (Table 1). Four of patients fixated within the bed of the excised
the six study eyes had visual improvement by choroidal neovascular membrane at any time
the 6 month postoperative visit; the other postoperatively. Fixation was localised to a site
two eyes had stabilisation of vision at the at the inferotemporal edge of the bed of the

excised choroidal neovascular membrane in

4.0 five of the six eyes at the last postoperative
* visit. Preoperatively, grade 1 fixation was pre-

E 3 sent in three eyes and grade 2 fixation was pre-
sent in three eyes.'3 All patients developed a

c 3.0 grade 2 fixation within 1 to 6 months postoper-
atively. None of the patients developed a grade

n 2.5 - 3 (well defined, stable) fixation after surgery.
.o + In our small series, none of the patients whose

2.0 final postoperative fixation locus was 2-6 mm
x

2/

or greater from the centre of the foveal avascu-

1.5 20/200 20/250 20/300 20/350 20/400 lar zone had better than 20/400 (6/120) vision
Final visual acuity (Fig 1).Finalvisualacuity Five of the six choroidal neovascular mem-Figure I Final postoperative vision was plotted on the x

axis. Final preferredfixation distance from the centre of the branes were classified preoperatively, usig the
foveal avascular zone was plotted on they axis. Macular Photocoagulation Study guidelines,9
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Fig 2A

Fig ZB

Fig 2C
Figure 2 (A) An absolute scotoma is present over the entire area of a well demarcated
choroidal neovascular membrane/scar (broken line) in case 3. The surrounding irregular
annulus ofstereoscopically flat hyperfluorescent staining was associated with a relative
scotoma (arrows). This eye had an indeterminate (grade 1) preoperative preferredfixation
locus on scanning laser ophthalmoscope microperimetry testing. (B) A monochromatic
red-free photograph. (C) An early phase fluorescein angiograph obtained 6 months
postoperatively reveal visible large choroidal vessels with overlying choricapillaris and
retinal pigment epithelium atrophy in the bed of the surgically excised choroidal neovascular
membrane. This region corresponds to the area of absolute postoperative scotoma (broken
line). The preferredfixation locus, determined by scanning laser ophthalmoscope
microperimetry, is denoted with an 'F'.

as well demarcated choroidal neovascular
membranes/scars (Fig 2). The sixth lesion was
classified preoperatively as an occult choroidal
neovascular membrane composed entirely of
fibrovascular pigment epithelium detachment.
Preoperatively, only one patient (case 2) had
recurrent choroidal neovascularisation after
previous (juxtafoveal) laser photocoagulation
(Fig 3). Subretinal or subpigment epithelial
haemorrhage was absent preoperatively from
all of the membranes except one (case 5,
right eye), which had a thin scant subretinal
haemorrhage at its inferior extrafoveal margin
that occupied less than 5%/o of the entire area of
the lesion. An exudative neurosensory retinal
detachment greater in size than the angio-
graphically definable choroidal neovascular
membrane was present in every case.
The relation of the preoperative fluorescein

angiographic features and the preoperative
scanning laser ophthalmoscope micro-
perimetry findings was assessed in each patient
(Table 2) and revealed that the outlined
choroidal neovascular membrane/scar complex
(and previous laser scar, if present) corre-
sponded to the size and location of the pre-
operative absolute scotoma (Fig 2A).
Similarly, the outlined postoperative area of
choriocapillary atrophy, representing the bed
of the surgically excised choroidal neovascular
membrane/scar complex (and previous laser
scar, if present), corresponded in size and
location to the postoperative absolute scotoma
(Figs 2B and 3B). No evidence of choriocapil-
lary atrophy was detected in the area of the
retinotomy related scotoma in any eye.

Discussion
The precise pattern of visual loss associated
with subfoveal choroidal neovascular mem-
branes in age-related macular degeneration has
been incompletely described in the past.
Amsler grid testing is an unreliable predictor of
retinal scotomatous defects.'4 Automated
perimetry of the central visual fieldl5 does not
permit exact determination of the presence or
location of small relative scotomas, since the
visual angular resolution of this technique is
only 1.60. In one study,16 funduscopically con-
trolled scotometry using the aiming beam of an
argon laser as a test object revealed that the test
object is visible over 'recent subretinal neo-
vascularisation and is not visible over late sub-
retinal fibrovascular mounds'. This method is
limited, however, by the non-standardised
power output (target brightness) of the laser
used for scotometry. The scanning laser oph-
thalmoscope has been used successfully to cor-
relate precisely the locations of retinal
scotomata with structural retinal lesions, since
the tested retinal abnormalities are directly
visible to the perimetrist.17 We used quantita-
tive scanning laser ophthalmoscope contrast
microperimetry to determine the size and
density of the visual loss associated with
choroidal neovascularisation in eyes with age-
related macular degeneration, as well as to
elucidate the effects of submacular surgery on
the visual substrate in these patients. Similar
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Fig 3A

Fig 3B
Figure 3 (A) The preoperative late retinal venous phase fluorescein angiograph of case 2
shows areas offibrovascular pigment epithelial detachment, elevated blockedfluorescence
and classic well defined recurrent choroidal neovascularisation (arrows) contiguous with the
superior border ofan area ofpersistent choroidal hypofluorescence that corresponds to a laser
photocoagulation scar (arrowheads). The preferredfixation locus, determined by scanning
laser ophthalmoscope microperimetry, is denoted with an 'F'. (B) The postoperative retinal
laminar venous phase fluorescein angiograph reveals large choroidal vessels with overlying
choriocapillaris atrophy and retinal pigment epithelium transmission defect in the bed of the
surgically excised choroidal neovascular membrane. This area corresponds in both size and
location to the area of the postoperative absolute scotoma (broken line). The preferred
fixation locus, determined by scanning laser ophthalmoscope microperimetry, is denoted
with an 'F'.

studies have been reported in eyes with idio-
pathic macular holes.'3 18 19

In our study, none of the eyes with age-

related macular degeneration and subfoveal
choroidal neovascularisation regained vision
within the bed of the excised choroidal neo-

vascular membrane. Given the large size of
these lesions preoperatively this is not unex-

pected. In a recent histopathological study,
Green and Enger20 found that in eyes with
early subfoveal choroidal neovascular mem-

branes (graded by size) only 48% had pre-

served photoreceptors in the overlying retina.
In that study, disciform scars equal in size to
those excised in our study were associated with
a 75 to 100% loss of photoreceptors.20 These
histopathological findings, together with our

clinical microperimetry data, suggest that in

eyes with age-related macular degeneration
and choroidal neovascularisation, the overlying
photoreceptors may be either absent or irre-
versibly functionally damaged before any
surgery. Alternatively, iatrogenic damage to
the retinal pigment epithelium and/or the
choriocapillaris in the bed of the surgically
excised choroidal neovascular membranes may
have prevented functional recovery in
reversibly damaged photoreceptors. In any
case, our findings show that excision of sub-
foveal choroidal neovascular membranes in
patients with age-related macular degeneration
does not result in functional recovery in retinal
areas with preoperative absolute scotomas,
even in patients who experience visual recovery
following submacular surgery. Our findings
also indicate that even though the retinotomy
sites created in exudatively detached retina
were outside the area of postoperative chorio-
capillary atrophy, these retinal areas may not
function normally. The latter finding may be
a consequence of photoreceptor damage
secondary to exudative retinal detachment
and/or surgical trauma. Preoperative scanning
laser ophthalmoscope microperimetry may
thus be useful to not only prognostically
evaluate age-related macular degeneration
patients for subfoveal choroidal neovascular
membrane excision, but also to identify an
optimal retinotomy site that would minimise
iatrogenic visual damage.
The absolute scotoma on the first postopera-

tive visit was greater in size than the absolute
scotoma on the preoperative visit in all eyes by
an average of 36% (range 12 to 95%/o), despite
improvement or stabilisation of vision in all of
our study patients. The increased size of the
absolute scotoma in every patient after sub-
macular surgery may reflect iatrogenic damage
to functioning photoreceptors, retinal pigment
epithelium, and/or choriocapillaris at the
margins of the choroidal neovascular complex.
In some eyes, part of the increased size
appeared to reflect surgical excision of func-
tional photoreceptors and/or retinal pigment
epithelium that were adherent to the fibrin
rim2l that surrounded the neovascular com-
plex (Fig 2A).

Loss of the overlying retinal pigment epithe-
lium does occur with surgical excision of
choroidal neovascular membranes in either
age-related macular degeneration22 23 or the
ocular histoplasmosis syndrome.24 Failure to
restore a functional retinal pigment epithelium
in the bed of the surgically excised choroidal
neovascular membranes may compromise vital
retinal pigment epithelium mediated trophic
factors that support the overlying photo-
receptors25 26 and the underlying choriocapil-
laris, thereby resulting in photoreceptor
(visual) loss and choriocapillaris atrophy.27-31
The outer retinal ischaemia induced by chorio-
capillary atrophy may further compromise
photoreceptor viability and function. Impaired
wound healing of the retinal pigment epithe-
lium in the bed of the surgically excised
choroidal neovascular membrane may there-
fore explain, in part, the poor prognosis for
central visual recovery in eyes with age-related
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macular degeneration compared with eyes with
the ocular histoplasmosis syndrome,5-7 since
retinal pigment epithelium migration on aged
Bruch's membrane may be limited.32
The size of the postoperative absolute and

relative scotomas either remained unchanged
or decreased slightly in size in all of our
patients after the first postoperative visit. The
small decrease in the postoperative absolute
scotoma during this period is within the
margin of error of our measurement technique
(mean 6 5%, range 2 to 10 3%). The timing of
contraction of the postoperative absolute
scotoma (between the 6 and 12 month post-
operative visit) is consistent, however, with
slow regeneration of reversibly damaged cone
photoreceptors following resolution of the
exudative neurosensory retinal detachment at
the margin of the choroidal neovascular
membrane, a process that may require a year
or more for completion.33 The photopic back-
ground illumination employed in our scanning
laser ophthalmoscope testing supports the
importance of cone photoreceptor changes in
explaining our microperimetry findings. In any
case, the relatively stable size of the postopera-
tive absolute scotoma during the study period
correlates well with the similarly stable size of
the postoperative angiographic area of chorio-
capillaris atrophy.

In our study of eyes with age-related macular
degeneration, subfoveal choroidal neovascular
membrane excision resulted in visual improve-
ment in all four eyes with preoperative vision
less than 20/800 (6/240), and visual stabilisation
in the other two eyes despite an increase in the
size of the scotoma following surgery. This may
be related to a change in the preferred eccentric
fixation locus. In the four patients whose initial
vision was less than 20/800 (6/240), grade 1
fixation behaviour was present preoperatively;
postoperatively, each of these eyes developed
grade 2 fixation behaviour with a preferred fixa-
tion locus in the inferotemporal quadrant (2 1
to 3-8 mm from the centre of the foveal avas-
cular zone), and visual improvement to 20/300
(6/90) to 20/400 (6/120) level. Our data differ
from those of Weiter et al,34 who reported that
vision in the 20/200 (6/60) to 20/400 (6/120)
range was found only at retinal distance from
the fovea of 0 75 to 1-0 disc diameters (1-2 to
1-5 mm on our scale). Our series is not directly
comparable, however, since Weiter et al34
included macular lesions other than age-related
macular degeneration in their study. Our find-
ings may be reassuring to the surgeon who is
contemplating submacular surgery in patients
with age-related macular degeneration and large
subfoveal choroidal neovascular membranes
associated with a large scotomas, but with
an area of functionally preserved retina within
4 mm of the centre of the foveal avascular zone,
as defined preoperatively by scanning laser
ophthalmoscope microperimetry; in these
patients, a postoperative visual acuity of 20/400
(6/120) or better may be attainable. In addition,
our findings may explain in part the more
favourable visual results after submacular
surgery in the ocular histoplasmosis syn-
drome compared with age-related macular

degeneration, since the generally smaller mem-
brane size in the former condition may allow a
postoperative preferred eccentric fixation locus
that is much closer to the centre of a foveal avas-
cular zone.

Elimination of visual confusion at the
eccentric fixation locus nearest to the centre of
the foveal avascular zone may explain how
visual recovery occurred in our patients despite
an increase in the size of the absolute scotoma.
Resolution of the exudative neurosensory
retinal detachment associated with subfoveal
choroidal neovascular membranes may have
eliminated the source of metamorphopsia in
our patients, allowing them to better adapt
their visual tasks to a more visually stable
eccentric locus. The preference for an infero-
temporal retinal locus in our patients is intrigu-
ing. This is different from the left or inferior
visual field preference reported by Guez et al,35
or the random preferred retinal locus reported
by Timberlake et al.36 However, a superior
retinal (inferior field) locus in our patients was
unlikely since it would be located in the area of
the retinotomy related scotoma. Also, since
little functioning retina was present nasal to the
area of postoperative absolute scotoma in most
of our patients, the inferotemporal fixation
locus corresponded with the most functional
retinal area nearest to the centre of the foveal
avascular zone. Perhaps the surgeon should
consider performing the retinotomy slightly
inferior to the horizontal meridian that passes
through the centre of the foveal avascular zone
in an attempt to better preserve the superior
retina (inferior visual field), which is important
for locomotion and near visual tasks such
as reading.36 Further studies of scanning
laser ophthalmoscope microperimetry in eyes
undergoing submacular surgery for subfoveal
neovascularisation are warranted.
This study was supported in part by an unrestricted grant from
Research to Prevent Blindness Inc, New York and by core grant
EY03040 from the National Institute of Health.
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