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Abstract
Aim—To assess the centre of fixation
before laser photocoagulation of well defined juxtafoveal or extrafoveal choroidal
neovascularisation (CNV) secondary to
age related macular degeneration (AMD),
and to better predict visual function after
treatment using scanning laser ophthalmoscope (SLO) fundus perimetry.
Methods—19 consecutive eyes with juxtafoveal or extrafoveal CNV were examined
by fundus perimetry before and after laser
treatment with documentation of the fixation point using the SLO. The stability of
fixation was defined as standard deviation
around the mean fixation point. Overlays
of fluorescein angiographic pictures and
fundus perimetry were obtained using
image analysis software.
Results—Fundus perimetry allowed accurate determination of the centre of fixation. Overlays demonstrated the precise
geographic relation of the angiographically detectable foveal margin of the CNV
and the centre of fixation. Thereby, prediction of the visual outcome with regard
to reading ability was facilitated. Stability
of fixation did not change significantly
after treatment.
Conclusions—Fundus perimetry using
the SLO was helpful in patients who
underwent laser treatment for juxtafoveal
or extrafoveal CNV secondary to AMD
and may aid the pretreatment counselling
of such patients.

ever, no tests for the determination of fixation
and its stability have been introduced into routine clinical work to date.
Conventional perimetry, either performed as
static computerised perimetry or kinetic perimetry using the Goldmann perimeter, often
lacks reliable results with respect to usually
relatively small paracentral visual field defects.
In addition, movement of the centre of fixation
leads to concurrent changes of the location of
scotomas. Therefore, documentation of the
centre of fixation is often unsatisfactory using
these techniques.
The advent of scanning laser systems with
several independent lasers has given us the
opportunity simultaneously to visualise the
fundus and perform various functional tests,3–5
including the documentation of the exact point
of fixation at the fundus.6
The purpose of this study was to perform
fundus perimetry using the scanning laser ophthalmoscope (SLO) with a newly developed
static threshold fundus perimetry7 to document the area of fixation before and after laser
treatment of juxtafoveolar and extrafoveolar
CNV and to assess for the possibility of more
accurate prediction of the visual outcome. In
addition, we evaluated whether the knowledge
of these functional findings may provide
valuable information in addition to the morphological and angiographic appearance. We
therefore compared patients with and without
foveal or central fixation in the presence of
neovascular membranes.

(Br J Ophthalmol 1997;81:568–573)

Various studies including the Macular Photocoagulation Study have demonstrated a beneficial eVect of laser photocoagulation in presence
of juxtafoveal and extrafoveal well defined
‘classic’ choroidal neovascularisation (CNV)
secondary
to
age
related
macular
degeneration.1 2 Besides anatomic success—
that is, complete destruction of the choroidal
neovascular net by laser treatment, functional
outcome with regard to central visual acuity
and the ability to read are important to the
patient. In order to preserve the patient’s visual
function several measures are of interest.
Besides central visual acuity, which is tested
routinely in clinical practice, the central visual
field, the actual location of the centre of
fixation, as well as the stability of fixation represent important additional information. How-

Patients and methods
PATIENTS

Nineteen consecutive eyes of 19 patients (five
men and 14 women aged 52 to 83 years (70
(SD 8.5) years)) with juxtafoveolar and extrafoveolar well defined ‘classic’ choroidal neovascularisation based on the fluorescein angiographic findings were enrolled in our study and
were followed after laser treatment. Routine
ophthalmic examination included visual acuity, and stereoscopic fundus examination using
the 78 D lens or the Goldmann three mirror
lens. Fluorescence angiography was performed
using the SLO after injection of 10 ml 5%
fluorescein dye.
Reading ability was evaluated by asking the
patients about their subjective assessment of
visual performance and reading ability.
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SCANNING LASER OPHTHALMOSCOPE

Figure 1 Comparison of the visibility of the choroidal neovascularisation (CNV) using
diVerent illumination wavelengths in a left eye. (A) Fundus image using the SLO with
argon blue light, as obtained during beginning of the angiography, does not show the CNV.
(B) Midphase of angiography clearly outlines the choroidal neovascular membrane. (C)
Fundus image obtained using infrared diode laser of the SLO with mean fixation point and
a circle demonstrating the standard deviation of fixation; the CNV is clearly visible.

lasers.10 The HeNe laser used for generation of
the background and stimulus illumination is
modulated via an acousto-optic modulator.9
The image of the retina is acquired simultaneously by illumination with infrared laser light
through a set of nearly confocal apertures.11
FUNDUS EXAMINATION

Static threshold fundus perimetry was performed using the SLO within 48 hours before
and within 3–5 weeks after laser treatment after
informed consent was obtained. In addition, a
subset of nine patients was followed for up to
180 days, including those with persistence or
recurrence of the CNV. We used newly
developed software with the help of an
additional personal computer as described
earlier.7 According to further development of
the software the stimulus can be projected
exactly onto the predefined position by the
help of a landmark setting on the real time
image.12 During each stimulus presentation the
fundus image is digitised and a correction for
small movements following the initial landmark definition is performed. Background illumination was set to 10 cd/m2. The fixation target was a cross measuring 1.5 × 1.5 degrees
with a central opening of 0.5 degrees which
allowed us to project a stimulus into the centre
of fixation. Stimulus presentation time was 120
ms. Stimulus intensity could be varied in 0.1
log steps from 0 to 21 dB, where 0 dB
represented the brightest luminance of 71
cd/cm2. In addition, stimulus intensities of 23.6
and 26 dB could be projected. Stimulus diameter amounted to 0.38 × 0.41 degrees (6 × 10
pixel) horizontally and vertically (comparable
to Goldmann III).
In addition to static threshold fundus perimetry we performed kinetic perimetry in eyes
with absolute or very deep scotomas in order to
obtain a more precise definition of the size of
the scotomas. Therefore, stimulus size was
changed to the equivalent of Goldmann II
while the intensity was variable to the same
degree, as mentioned above.13
The point of fixation was determined during
either perimetric procedure for each stimulus
presentation by the help of the landmark
setting. From the single fixation points of the
static perimetry the computer calculated the
mean fixation point (MFP) as the centre of
gravity.6 The number of stimulus presentations
varied between 200 and 496 (344 (SD 83)).
Furthermore, we calculated the deviation
around this MFP for an appropriate determination of the stability of fixation. The variation
of the determination of this single point is less
than 0.5 degrees; for the MFP the acuity is
better than 0.2 degrees.
In some eyes with poor stability of fixation
we performed another fixation task, in addition
to the previous examination, whereby the
patient was asked to fixate the same projected
target as stable as possible and to determine
the moment of best fixation by pressing a button. This procedure was repeated 40 times
which enabled us more precisely to document
the subjective and more stable location of fixation.
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The principle of the SLO (Rodenstock, Munich, Germany) has been described earlier.8 9
In brief, the SLO projects a helium neon
(HeNe) laser beam (632.8 nm) and an infrared
diode laser (780 nm) simultaneously onto the
fundus with an image size of 33 by 21 degrees.
The amount of light projected onto the retina
is well below the limit set by the ANSI for

569

570

Rohrschneider, Glück, Becker, Holz, Kruse, Fendrich, Völcker

LASER TREATMENT

Figure 2 Results of static fundus perimetry in a right eye of a patient with choroidal
neovascularisation (CNV). (A) Standard image with threshold values according to the
right hand scale with brightest stimuli at the top and smallest contrast between stimuli and
background at the bottom. Single fixation points are drawn as yellow dots. (B) Results
converted onto the mid time sequence of fluorescence angiography which enables direct
visualisation of mean fixation point in relation to classic CNV.

Figure 3 Example of subjectively poor visual outcome in a left eye after treatment
although visual acuity by conventional testing has remained unchanged. The mean fixation
point is located at the right margin of the laser scar at the fundus (yellow points). This will
lead to a scotoma at the left of the point of fixation which makes reading more diYcult
owing to missing of the words or digits which have just been read. Kinetic perimetry shows
an absolute scotoma (0 dB, Goldmann II, red circle) and a larger relative scotoma (5 dB
purple, 10 dB blue, 15 dB green).

Results
Determination of the mean fixation point
(MFP) was achieved during fundus perimetry
in all patients. Owing to the infrared light used
to obtain the image the size and location of the
CNV was sometimes more visible during SLO
fundus perimetry than in the conventional fundus image or in the initial red-free photograph
of the fluorescein angiography (Fig 1).15 In
addition, the results of the fundus perimetry
could be directly transposed onto the images
obtained during angiography in those eyes in
which both examinations were performed
using the SLO (Fig 2). This allowed us to
locate precisely the centre of fixation in relation
to the foveal border of the neovascular
membrane, which facilitated laser treatment.
The location of the mean fixation point at
the fundus image in relation to the margin of
the CNV in all patients is shown in Table 1.
Subjective visual outcome tended to be better
if the MFP was located on the left (that is,
temporal in a right eye) or superior margin of
the choroidal membrane even when visual acuity showed no improvement. Ten of 12 patients
with such location noted stable or improved
visual performance. In contrast, four of seven
patients with location of the MFP at the right
or inferior margin of the CNV reported
subjective worsening even if the visual acuity
remained the same (Fig 3, Table 1).
In eight eyes the classic CNV was located
juxtafoveolar with a location of the mean fixation point just at the border of the membrane.
All of these eyes were treated with entire coverage of the neovascular net. However, an
attempt was made not to destroy the MFP.
Reading ability improved in these eyes owing
to a decrease in metamorphopsia and an
increase of stability of fixation. However, in two
of these eyes there was a recurrence of the
CNV with subfoveolar extension during the
subsequent follow up which was associated
with marked deterioration in visual acuity.
The scotomas overlying the neovascular net
were absolute if the size of the CNV was
greater than 1 mm2 in all eyes. We could not
find a significant relation between the size, the
deepness of the scotomas, and the initial visual
acuity. Nevertheless, in the presence of an
absolute scotoma of the same size before and
after laser treatment patients noted an initial
improvement of the visual function with regard
to the decrease of metamorphopsia.
While eight eyes initially showed a central
fixation with a median visual acuity of 0.4
(0.16 to 0.5), in 11 eyes the mean fixation
point had moved away from the fovea and
visual acuity ranged from 1/15 to 0.5 (median
0.3). We observed a movement of the MFP
towards the fovea after laser treatment in six of
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Laser treatment was performed according to
the indication and technique reported in the
MPS studies by the use of an argon green
laser.1 2 Before treatment signed informed consent was obtained. The time interval between
angiography and treatment did not exceed 24
hours.14

CNV persistence
Subfoveal recurrence

CNV recurrence
CNV recurrence

Slight improvement
Slightly worse
Improvement
Stable
Metamorphopsia gone, stable
Improvement
Improvement, scotoma decreased
No reading ability at all
Same reading performance but subjectively worse
Subjectively better
Better reading ability
Metamorphopsia gone, stable, but less reading ability
Improvement
Stable
Stable, poor reading ability
Subjectively slightly worse

VA stable
Metamorphopsia

none
none
none
none
none
none
more stable
none
nasal
more central
none
more central
none
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more nasal
more central
none
central
central
central
central
central
central
central
central
sup
temp
temp
nasal inf
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sup
nasal
slight nasal
sup
0.33
0.62
0.35
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0.59
0.89
1.40
0.39
2.68
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1/15
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0.2
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0.71
0.20
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1.51
0.27
0.5
0.44
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0.05
0.41
0.19
1.04
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0.33
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0.29
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right
right
right
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left
left

left
right

2.85
3.15
2.95
0.65
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1.7
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0.54
1.38
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1.5
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1.1
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4.01
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R
R
R
R
L
L
R
R
L
L
L
R
L
R
R
R
L
L
L
1
2
3
4
5
6
7
8
9
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17
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Inferior
Inferior
Temporal superior
Inferior
Nasal
Temporal
Superior
Inferior
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Nasal
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Nasal
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Temporal
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Objective findings
(angiography)
Patients’ subjective impression
Change
Initial
Post
Pre
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No

Location relative to fovea

Size

Distance to MFP

Pre

Location of fixation
Fixation stability
Visual acuity
Choroidal neovascularisation
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the latter eyes while only one showed a further
movement more nasally. In conjunction with
these changes, the visual performance—that is,
the reading ability and subjective impression,
showed improvement or stability in all but one
of these 11 eyes (Table 1).
Regarding the mean stability of fixation we
did not observe a significant change after treatment compared with the initial values (Table
1). Out of five eyes with extrafoveal fixation
which showed a slight movement of the MFP
towards the fovea after treatment, only one
showed an improvement in central visual
acuity. Three of these eyes had better stability
of fixation.
Discussion
Visual rehabilitation is the major aim of
patients suVering from AMD. Laser treatment
of classic choroidal neovascularisation has
been shown to be beneficial to the patients
when compared with non-treatment, especially
if the CNV is located extrafoveolar or juxtafoveolar.1 16 17 Regarding the MPS guidelines,
the precise localisation of the centre of the
foveal avascular zone is an anatomical concept
not a functional one with regard to the point of
fixation. Although these appear to correspond,
our findings show that there may be a
movement of the point of fixation away from
the fovea. Nevertheless, the aim of laser
treatment is preservation of function and, thus,
to correlate morphological appearance with
functional characteristics. However, determination of the centre of fixation may be diYcult
in eyes with CNV especially when the fundus
morphology changed as a result of the underlying disease process. In the past we applied simple techniques to determine the centre of fixation during laser treatment—for example, by
projecting the aiming beam onto the fundus
and asking the patient to fixate the laser spot.
While some patients will be able to fixate the
beam and therefore allow safe treatment many
others are not able to fixate stably enough for a
variety of reasons. In these patients the use of
conventional techniques for the determination
of the centre of fixation is of limited value.
Standard fundus photography with projection
of a fixation target needs an high illumination
which makes fixation even more diYcult.18 In
contrast, the scanning laser ophthalmoscope
allows us simultaneously to visualise the
fundus during projection of many diVerent targets or stimuli under more physiological
circumstances. Owing to the use of an infrared
laser the level of background illumination
needed is only 1–10 cd/m2. This allows
documentation of the point of fixation at the
fundus either during fundus perimetry or as an
isolated task. The option of a simultaneous
image of the fundus enables us to document
the point of fixation with an area indicating the
stability of fixation calculated as the standard
deviation around the mean fixation point.6
Since this measurement is calculated from single digitised images obtained during perimetry
there is only minimal diVerence of the mean
fixation point between diVerent observers
(<0.3 degrees, unpublished data). The varia-
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Table 1 Data of the 19 eyes with juxtafoveolar or extrafoveolar choroidal neovascularisation (CNV) secondary to age related macular degeneration. Location, size (mm2), and distance (mm) of CNV to the mean fixation point
(MFP) as well as the visual acuity, standard deviation for stability of fixation (in degrees), and location of the MFP before and after laser photocoagulation are shown. The last columns give the subjective impression of visual
performance as reported by the patients and objective findings during follow up

Scanning laser fundus perimetry before laser photocoagulation of well defined choroidal neovascularisation
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tion of the fixation point has also to be taken
into account with laser treatment. Since the
SLO can be used for fundus examination and
also for fluorescence or indocyanine green
angiography, the resultant images from all
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Figure 4 Right eye of a 67-year-old woman first presenting with decrease of visual acuity
in the left eye. Right eye showed nearly normal perimetric results with the SLO (right hand
scale with brightest stimuli at the top and smallest contrast between stimuli and background
at the bottom) and central fixation (yellow dots) while angiography demonstrates macular
degeneration without defined leakage (A). (B) Six months later juxtafoveolar CNV nasally
of the fovea can be seen during fluorescein angiography, mean fixation point has shifted
temporally and stability of fixation is worse (red circle). (C) Four months after laser
treatment no recurrence can be seen, visual acuity is 0.4, and reading ability is improved
subjectively. Location and stability of fixation as measured during SLO perimetry are
about the same.

these examinations are obtained in an identical
format. This allows projection of the results of
fundus examination onto the angiographic
images and, therefore, more accurate knowledge of the distance between preferred fixation
and foveal margin of the CNV (Fig 2). Using
this composite image, laser treatment may be
more accurate and safer. In addition, digital
image processing systems may allow image
processing in a similar fashion even when
diVerent image sources are used.
Moreover, in eyes with juxtafoveolar membranes it sometimes may not be readily
possible to assess whether or not the CNV is
juxtafoveal or just subfoveolar according to
MPS criteria especially when macular morphology is abnormal; fundus visualisation is
blurred due to media opacities; and as a result
the central avascular zone is not clearly demarcated. In those eyes the exact knowledge of the
fixation may play a role in the decision regarding laser photocoagulation even when the preferred fixation point is not at the fovea.
The prediction of the visual outcome may be
helpful in the management of patients suffering
from exudative AMD. Counselling of these
patients regarding the natural course is important, especially when the first eye has already
lost central vision, as well as discussion of benefit and potential risk resulting from therapy.
According to the results of the MPS Group
laser treatment results in a better visual acuity
compared with non-treatment after 5 years.19
Nevertheless, up to 40% of the patients suVering from choroidal neovascularisation of age
related origin will not benefit from treatment.
Our results indicate that the location of the
CNV in relation to the MFP perhaps may predict subjective improvement or worsening after
therapy. Location of the CNV inferiorly or at
the right of the mean fixation point at the
fundus—that is, nasally in a right eye or
temporally in a left eye, was associated with a
tendency of more subjective improvement of
reading ability after laser treatment. It is known
that in patients suVering from central scotoma
due to AMD, as well as juvenile macular
dystrophy, the point of fixation shifts towards
comparable locations—that is, to the left or
superior of the central scotoma at the fundus.20
Therefore, it may be assumed that scotomas on
the left are more annoying even without treatment.
Besides the location of the choroidal neovascularisation the functional impairment before
the treatment is of interest. As our results indicate patients with an absolute scotoma overlying the CNV will not notice much change of
their visual function after laser photocoagulation especially when the scotoma does not
increase in size. On the other hand these
patients often primarily suVer from macular
oedema or accumulation of subneurosensorial
fluid which may lead to movements of the
point of fixation away from the fovea even
before treatment (Fig 4). Decrease of the
oedema after treatment may lead to a reduction in metamorphopsia which causes a
subjective improvement, although we could
demonstrate an increase in central visual acuity
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in only one case. When comparing patients
with central fixation with those in whom the
preferred fixation has moved before laser photocoagulation we found that the latter group
showed a tendency to fixate more centrally
after treatment and the majority of these eyes
had a stable or improved visual outcome
(10/11). On the other hand in eyes with central
fixation the laser scar may involve the fovea following treatment. This results in decreased
visual acuity and instable fixation.
In conclusion, fundus perimetry with the
option of detection of the fixation point as well
as the stability of fixation would not influence
the indication for laser treatment according to
the criteria reported in several randomised
trials.1 2 19 However, further studies and a
longer follow up are needed to evaluate the
clinical value of the knowledge of the area of
fixation before and after laser treatment. This
new tool may facilitate evaluation of the accurate treatment, and a more precise forecast of
the visual outcome.
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