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Abstract

Age-related macular degeneration (AMD) is
one of the major causes of visual loss and legal
blindness in people over 55. Visual function
tests are the cornerstone of visual function
investigation and any therapeutic approach to
AMD implies, as primary endpoint, the main-
tenance or improvement of visual function.
The progression of visual impairment and the
quantification of final residual visual function
are currently determined by means of visual
acuity quantification. The quantification of
high-contrast visual acuity though has many
drawbacks and cannot be considered a com-
plete functional examination. Microperimetry
is a non-invasive method used to analyse
fixation and central visual field defects in a
topographic related manner. The introduction
of mesopic and more recently scotopic micro-
perimetry, in research and clinical practice of
macular disorders, now allows us to better
investigate macular function as it strictly
relates to macular morphology. We therefore
can monitor the functional natural history and
quantify the beneficial or detrimental effects of
different therapies. The application of micro-
perimetry in clinical studies has provided
interesting diagnostic and prognostic informa-
tion on functional macular changes in AMD
patients. The present review brings new
updates on the correlation between macular
changes, mainly described with optical coher-
ence tomography, and microperimetry changes
in patients with AMD.
Eye (2017) 31, 985–994; doi:10.1038/eye.2017.34;
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Introduction

Even if far and near distance visual acuity (VA)
do not seem to be affected in the early phases of
age-related macular degeneration (AMD), many
patients report alterations in their visual
perception, mainly in low luminance light
conditions.1,2 The progression of AMD toward
the more advanced phases invariably involves

the foveal area which in turn shows a marked
and irreversible decrease of the retinal function
and the development of dense and irreversible
scotomas. This progression may also be
functionally described by the instability and loss
of retinal fixation. Moreover, in the natural
history of early AMD, rod photoreceptors
degenerate earlier and more rapidly than
cones.3,4 The greatest loss in rod function occurs
in the para-foveal region of the macula, which
extends from 3.5 to 10° from the center of the
fovea, where rod density is at its maximum.4

Despite the evidence that rods fail first, clinicians
and regulatory agencies monitor the progression
of macular degeneration with visual tests that
measure cone, rather than rod function. This is
typically performed in a bright light
background, but not in dim light conditions,
where patients struggle to perform ordinary
visual tasks. Therefore, a more comprehensive
approach to quantify macular function in AMD
should be encouraged. Microperimetry is a non-
invasive method used to analyse fixation and
central retinal sensitivity.
The introduction of mesopic and more

recently scotopic microperimetry, in research
and clinical practice of macular disorders allows
us to better investigate macular function as it
strictly relates to macular morphology. The
application of microperimetry in clinical studies
has provided interesting diagnostic and
prognostic information on macular functional
changes in AMD patients.
The present review summarizes the most

recent investigations on the correlation between
morphological macular changes and retinal
sensitivity data and the role of microperimetry in
routine clinical practice in patients suffering
from AMD.

Microperimetry: the technologic evolution

Microperimetry (also known as fundus-
perimetry) is the diagnostic technique which
allows us to exactly correlate, in real time, the
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sensitivity threshold of any individual point of the retina
with its clinical (biomicroscopic and OCT) appearance. It
also documents the location and stability of fixation.
Microperimetry was first introduced when scanning laser
ophthalmoscope (SLO) allowed us, for the first time, to
easily and reliably document the above mentioned
morpho-functional correlation.5,6 The original SLO
(Rodenstock, Germany), which is no more commercially
available, was the first instrument combining static
perimetric testing and simultaneous observation of the
fundus. SLO microperimetry allowed a real-time
examination, by means of an infrared light source of the
retina and allowed a manual projection of visual stimuli
of different shapes, sizes and intensities over selected
retinal areas.5 A sensitivity map, expressed in dB or
pseudocolors, was then available at the end of the
examination. SLO microperimetry however, did not allow
for fully automatic examinations and follow-up.
Moreover, it never really underwent major hardware and
software improvements, which then in turn led to its
limited diffusion in clinical practice.
Twenty years later, in the early 2000 s, a fully automatic

microperimeter was introduced into the clinical practice
(Micro Perimeter 1, MP1, Nidek, Japan). This instrument
allowed for fast and reliable functional fundus-related
examination of fixation and scotoma characteristics in
patients affected by retinal and choroidal diseases, with
topographic accuracy and test–retest reliability, even
when visual acuity was poor and fixation was unstable
and eccentric.7–10 The development of this microperimeter
has dramatically expanded the application of
microperimetry in clinical practice, providing relevant
information on functional changes in several macular and
extramacular disorders.11,12 MP1 software contains an
automatic tracking system of eye movements. This system
evaluate in each acquired frame the X and Y shifts of the
eye compared to a baseline reference frame and
continuously corrects stimulus location according to the
current fundus position. This is performed in real time
during the acquisition. Stimulus intensitymay be varied in
1 dB steps (0.1log steps) between 0 dB (400 asb, 127 cd/m2),
the instrument’s maximum stimulus luminance, and
20 dB (4 asb, 1.27 cd/m2), the minimum stimulus
luminance. The stimulus size may be varied according to
standard Goldmann stimulus sizes: from I to V (from 6.5
to 104 min/arc).
Fixation is continuously registered during a

microperimetry examination assessing retinal dynamic
fixation, but it may also be recorded as an isolated fixation
task (static fixation). At the end of any microperimetry
test, the acquired fixation points are exactly superimposed
over a color fundus photography, taken by the embedded
CCD camera. The software of the microperimeter
automatically analyses fixation stability according to two

different methods: the clinical classification proposed by
Fujii et al, and the bivariate contour ellipse area
analysis.13–15

Retinal sensitivity of every single retinal tested point is
reported in dB or pseudocolors. An interpolated
pseudocolors map of macular sensitivity may also be
created. These data may be reported onto an infrared
image, or onto a fundus color photography. The
interpolated pseudocolors map may be useful to
graphically compare microperimetry map with OCT map.
Moreover, the MP1 software allows a graphic
representation of other perimetric indices, particularly the
automatic evaluation of an individual map versus age-
related thresholds.
Using the MP1 microperimeter software, any retinal

image of the same eye, acquired with any different
technique (fluorescein and indocyanine green
angiography, fundus autofluorescence picture, and so
on), may imported and overlapped onto the sensitivity
map. This allows for an integrated imaging approach in
different macular diseases.
More recently, new microperimeters have become

available. One is an LCD microperimeter, with the same
background and stimulation characteristics as the MP1
microperimeter combined with a SLO/OCT (SLO/OCT,
Opko, USA). With this system it is possible to overlap the
mean retinal sensitivity map (interpolated map) with an
infrared image or a SLO/OCT map. Unfortunately, it
lacks the color fundus photograph, thus the overlap of
retinal sensitivity and anatomical details or an OCT
thickness map is mainly an integration of mean values.
Another instrument is the SLO microperimeter (MAIA,

Centervue, Italy), with improved imaging compared to
the old SLO microperimeter, wider sensitivity range (0–
34 dB compared to 0–20 dB od the MP1) and a very
efficient software. Normative age-related data are
available, and its reproducibility has been tested.16,17

However, it has no possibility of overlapping onto a color
fundus photograph (except when taken with a different
instrument).
The new generation of the MP-1, the MP-3 (Nidek,

Gamagori, Japan), provides a wider range of stimulus
intensities (0–34 dB).
MP1 has been recently modified to perform rod

threshold measurements. The MP1 scotopic
microperimeter (MP-1S) has new hardware and software.
It is a modified version of the standard MP-1 and allows
the examiner to perform localized rod sensitivity
measurements of dark-adapted patients in a darkroom
environment. Therefore, MP-1S operates in two visual
function conditions: one optimized for light adapted eyes
in an examination room that has mesopic light conditions
(‘mesopic use’), and the other optimized for use in dark
adapted eyes in a darkroom environment (‘scotopic use’).
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Microperimetry in early age-related macular
degeneration

Soft intermediate drusen (463 μm) and areas of
hyperpigmentation and/or hypopigmentation of the
retinal pigment epithelium (RPE) are the earliest
manifestations of AMD. Aging RPE cells show an age-
related accumulation of lipofuscin granula within the
lysosomal compartment, as a product of the permanent
phagocytosis of lipid-rich distal photoreceptors’ outer
segments.18 Lipofuscin, responsible for the in vivo fundus
autofluorescence phenomenon (FAF), is considered a
biomarker of cellular aging and a cumulative index of
oxidative damage.19 It is believed that lipofuscin
accumulation precedes photoreceptor degeneration,
which is functionally represented by abnormal retinal
sensitivity in central retinal area, and slower rates of dark
adaptation.20–24 Histopathologic studies of eyes with
AMD have identified cell death, structural, compositional,
and transcriptional modifications and morphologic
changes in photoreceptor cells that directly overlie
drusen.25–27 Deflection and shortening of rod and cone
inner and outer segments with consequent retinal
thickness reduction have been confirmed.25 Using
Spectral Domain OCT a decrease in the thickness of
photoreceptor layer has been confirmed in vivo.28

Decrease in retinal sensitivity correlates with the location
of drusen or RPE changes.29,30 When correlating retinal
sensitivity above drusen with retinal structural changes,
visualized with spectral domain OCT, the photoreceptor
inner/outer-segment (IS/OS) junction, now better known
as ellipsoid zone, has a predictive value for retinal
sensitivity changes.31 Retinal sensitivity reduction
develops much earlier than visual acuity changes, and it
happens in a short time.17,30,32,33

Reticular pseudodrusen is an additional specific clinical
hallmark of AMD.34 This macular lesion, also known as
reticular or cuticular drusen or subretinal drusenoid
deposit (SDD), has been recognized as an independent
risk factor for AMD progression. Moreover, SDD is
responsible for the development of a particular, recently
described, phenotype of late AMD, called outer retinal
atrophy, which is mainly characterized by the atrophy of
the photoreceptor layer.35 From a functional point of
view, both distance and near visual acuity are not
significantly different between eyes with SDD and those
without it. Otherwise, low-luminance visual acuity
measurement is more compromised in eyes with SDD
compared with those without it.36 Similarly to soft
drusen, the distribution and number of SDD correlate
with the reduced mean retinal sensitivity in the macular
area.37 As SDD distribution is more widespread than
drusen, the retinal sensitivity is also more widely reduced
than in eyes with drusen alone.38

Recently, both scotopic and mesopic microperimetry
have been investigated in patients with AMD and well-
demarcated areas of SDD.39 In the same eye, scotopic and
mesopic retinal sensitivity over SDD-involved retinal
areas and over areas with no visible pathologic changes
have been compared. Interestingly, over areas with SDD a
reduction in retinal sensitivity for both mesopic and
scotopic threshold values, have been detected. Moreover,
scotopic scotoma was denser than mesopic scotoma.39

This result is in accordance with histologic findings of a
preferential vulnerability of the rod system and relative
preservation of cone photoreceptors in the early stages of
AMD.4,27

Geographic atrophy

Geographic atrophy (GA) represents the atrophic late-
stage manifestation of AMD.40 GA, which is commonly
bilateral, is characterized by the development of areas of
RPE and neural retina atrophy, which slowly progresses
over time.41–44 Areas of GA are characterized by a dense
scotoma, whose extention corresponds to the atrophic
area.45 Therefore, the progression of GA is associated with
progressive loss of visual function.41

Atrophic areas initially occur in the parafoveal retina,
and patients are unaware of their functional condition.
Over time, several atrophic areas may coalescence, and
new atrophic areas may occur. In more advanced stages,
the atrophic areas form an atrophic ring around the fovea,
which can remain unaffected by the atrophic enlargement
for a long time, a phenomenon known as foveal
sparing.45,46 As long as the fovea remains unaffected,
retinal fixation remains central and stable. This means
that even a small residual area of retinal sensitivity is
useful for fixation in patients with progressive atrophic
lesions.47

Sunness et al studied fixation patterns in eyes with GA
and central scotoma in detail.48 Using SLO
microperimetry, these authors investigated preferred
retinal locus (PRL) in 41 eyes of 35 patients with GA who
had lost foveal function.48 Sixty-three percent of GA eyes
fixating outside the atrophy placed the scotoma to the
right of fixation in visual field space providing the best
functional result. This phenomenon is partly reading-
driven, to prevent that the left-to right reader has the
scotoma projected over the beginning of the text. The
second adaptation choice, which is also visual cortex
controlled, was to have the scotoma above fixation (in
22% of the cases).49

Progressive enlargement of GA is usually assessed by
color fundus images or, more recently, by fundus
autofluorescence (FAF).41,42,46 Short-wavelength FAF
(SW-FAF, excitation 488 nm, emission 4500 nm) is an
imaging method that allows topographic mapping of
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lipofuscin distribution in the retinal pigment epithelium
(RPE) in vivo.19,50,51 Recently, near-infrared FAF (NIR-
FAF, excitation 787 nm, emission 4800 nm) has been
introduced to visualize the distribution of melanin, a
fluorophore of the RPE cells and choroid.52 Because of the
absence of RPE, atrophic areas in GA show a severely
reduced FAF signal, appearing hypo-autofluorescent
(hypo-FAF) both at SW-FAF and NIR-FAF imaging.
Therefore, such areas may be easily quantified using these
imaging techniques.46,53

Dense scotoma at microperimetry corresponds to
hypofluorescent areas at FAF. Moreover, an abnormal
autofluorescence pattern in the junctional zone of GA (the
area between atrophy and normal retina, on FAF) has
been demonstrated using confocal SLO. Areas of
increased FAF in the junctional zone seem to precede the
enlargement of pre-existing atrophy and the development
of new atrophic ares over time.50

Fine matrix visual field documented a severe reduction
in scotopic sensitivity and moderate reduction in photopic
sensitivity over junctional hyperfluorescent regions.54

Using SLO microperimetry, reduced sensitivity has been
documented in areas of increased FAF bordering GA.55

This finding suggests that pathologic lipofuscin
accumulation in the RPE surrounding areas of GA has
reduced retinal sensitivity as a functional correlate.
Moreover, retinal sensitivity reduction has also been
detected in areas of decreased or increased NIR-FAF.53,56

It may be speculated that the impairment of
photoreceptors determines increased NIR-FAF, due to
increased phagocytosis and melanogenesis, followed by
reduced NIR-FAF due to a decline of melanosomes.57

Recently, it has been shown that GA can be both
identified (with high-reproducibility) and quantified
(with high-repeatability) by means of en face OCT.58,59 As
a complement to conventional B-scan OCT, en face OCT is
a new approach for fundus imaging. It provides a coronal
full macular view at different depth levels, and provides
additional anatomic insights about macular changes.
Recent studies characterized microperimetry of GA as
identified from en face OCT imaging. In fact Hariri et al,
evaluating retinal sensitivity in the junctional zone and
beyond, observed a precipitous drop in sensitivity at the
GA margin, than a gradual transition.60 This finding was
unexpected considering Portella et al study.59 Indeed,
these authors detected an area of ellipsoid zone
disruption on en face OCT surrounding GA areas, that
seemed to foreshadow areas of future GA growth.
Considering this finding, it would be expected that this
disrupted areas may be associated with a mild
progressive reduction in mesopic retinal sensitivity.
However, en face OCT images vary according to the
different position of the coronal scan, in the retina or in
the choroid, and GA area is larger when visualized at the

outer retina (OR) level than at the choroidal (CH) level.58

Pilotto et al recently observed that GA areas, visualized on
en face OCT at the OR level and at the CH level, differ not
only for extension, but also for retinal sensitivity.61 In eyes
with better residual sensitivity, and smaller mean GA
area, the mean rate of relative or dense scotoma was
different between GA visualized with the two en face
images. In CH en face OCT image, 66% of the stimulated
points were defined as dense scotoma, while on OR en
face OCT image the rate of dense scotoma was 52.30%.61

These findings suggest that the GA area visualized at
choroidal level better represents the worst functioning
retinal zones (dense scotomas), whereas the larger GA
area, visualized at outer retina level, corresponds to the
wider functionally compromised retina. Therefore, in the
early stages of GA, areas identified by en face OCT at the
OR level, correctly mirror the functional degenerative
involvement of the photoreceptors, suggesting an earlier
degenerative involvement of the outer retina and RPE
than the underlying, longer surviving choriocapillaris. En
face OCT and microperimetry may then be beneficial, in
addition to conventional FAF which simply shows RPE
changes, in identifying the morphological and functional
aspects of GA. 61) These findings may be of value when
assessing treatments that might prevent or reduce the rate
of growth of GA.
An overall and progressive decrease in retinal

sensitivity, beyond GA lesions, has been reported.57,60,62

Moreover, recent studies, performing a point-to-point
correlation of microperimetry and SD-OCT morphology
in eyes with GA, precisely correlate single retinal layer
defect to retinal sensitivity dysfunction.56,63,64 Sayeh et al
showed that the largest morphological defect in the area
of atrophy graded by SD-OCT was in the photoreceptor
layer (external limiting membrane loss and outer
plexiform layer thinning and shifting) and not within the
RPE layer. Therefore, it may be possible that outer retinal
layer loss and disruption precedes the complete loss of the
RPE.63 Pilotto et al, in a prospective study, detected that
microperimetry tested points, showing at baseline the loss
of photoreceptor IS/OS junction, had a higher risk of
evolving to dense scotoma compared to those with intact
photoreceptor IS/OS junction.64 Moreover, the same
Authors observed that the mean total retinal thickness
and the mean outer retinal thickness significantly
decreased during follow up, whereas, the mean inner
retinal layer thickness (INL) significantly increased. The
decrease of the outer retinal layer thickness was inversely
correlated to the inner retinal layer thinning
(rho=− 0.710). These findings underline that, even if GA
is a macular disease that primarily affects the outer retina,
the inner retina is also involved.64 Retinal remodeling and
Müller cells changes and swelling, induced by oxidative
stress or preceding degeneration of photoreceptors, have
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been described in an animal model of GA.65–67 Müller cell
hypertrophy has also been described histologically by
Curcio et al.68 Because the cell body of Müller cells is
located in the inner nuclear layer, Pilotto et al speculated
that the inner retinal layer thickening they detected in
progressing GA could be caused by Müller cells
changes.64

With the introduction of multimodal imaging where
microperimetry and OCT data are overlapped, it has been
possible to hypothesize that different pathophysiologic
mechanisms, responsible of GA development and for any
progression in AMD, may exist. Recently, it has been
observed that patients with bilateral GA and those with
GA in one eye and CNV in the fellow eye (unilateral GA)
differ for both retinal sensitivity and choroidal thickness
changes.69 In patients with unilateral GA, choroid was
thinner compared to patients with bilateral GA, and
became thinner during follow-up. Otherwise, patients
with bilateral GA had a significant reduction in retinal
sensitivity from baseline, whereas retinal sensitivity did
not significantly change in patients with unilateral GA. It
may be hypothesized that in patients with GA and CNV
in the fellow eye, the development and progression of GA
is primarily due to a choroidal disease, and silent CNV
cannot be excluded. On the contrary, photoreceptors are
primarily involved in patients with bilateral GA, and the
progression of the GA probably depends on their
dysfunction, with secondary decrease of visual function.69

Exudative age-related macular degeneration

Visual impairment in eyes with choroidal
neovascularization (CNV) due to AMD is associated with
progressive deterioration not only of visual acuity, but
also of retinal fixation and macular sensitivity, because of
the development of CNV. This functional deterioration
manifests as decreased fixation stability, loss of central
fixation, and impaired retinal sensitivity with the
development of dense scotomas as detected by
microperimetry In eyes with progressive visual function
deterioration, the inability to maintain a preferential
fixation location within the foveal area progresses until
complete absence of foveal (visual) perception is
established and the PRL becomes totally eccentric.70–72

Eccentric fixation develops early in exudative AMD: a
functional marker compared to GA.45,48,72

In exudative AMD, fixation patterns deteriorate with
increasing duration of symptoms; time is a critical factor
in macular diseases from a functional point of view. As
CNV develops, patients are initially able to maintain a
central and stable fixation. In eyes with subfoveal CNV
due to AMD, Fujii et al observed that fixation, assessed by
means of SLO microperimetry was central in 75% of eyes,
poorly central in 15%, and eccentric only in 9% of the

cases.70 It was stable in 42%, relatively unstable in 39%,
and unstable in 18% of the cases. But, if the duration of
symptoms was o3 months, fixation pattern was even
better; it was central and stable respectively in 89 and in
58% of the cases.70 Using mesopic microperimetry,
Midena et al reported a higher rate of eyes with unstable
and eccentric fixation in patients affected by AMD with
subfoveal CNV with symptoms lasting 49 months.
A relatively unstable or unstable fixation was present
respectively in 35.6 and 38.4% of the cases. Fixation was
poorly central and predominantly eccentric respectively
in 15.1 and 63% of the cases. Fixation stability was also
related to best corrected visual acuity. No statistically
significant difference in location and stability was
observed between classic and occult CNV.72

PRL even if eccentric, may be stable, particularly in
patients with longer duration of symptoms.72 This means
that the visual system needs time to develop an
extrafoveal, but stable PRL. As in eyes with advanced GA,
(also in) eyes with exudative AMD PRL also tends to be
localized in preferred sites of the retina.72–76

In patients with exudative AMD the presence of several
anatomic abnormalities, including neurosensory retinal
detachment, subretinal hemorrhage, RPE hyperplasia,
RPE atrophy or detachment and the CNV itself,
determines a reduction of retinal sensitivity or a dense
scotoma. The size of the absolute scotoma correlates with
reading ability and reading speed.76 Tezel et al observed
that chorioretinal scar, retinal pigment epithelium
atrophy, and CNV were the major anatomic lesions
correlated with the absolute scotoma at microperimetry.71

The presence of an absolute scotoma over CNV well
correlates with a previous histopathologic finding, which
revealed that 52% of the photoreceptors over the site of
the lesion show extensive degeneration.77

The density of the scotoma also correlates with the
duration of symptoms. Midena et al detected that a dense
scotoma was present in 63.4% of eyes with exudative
AMD, which is lower than that reported by Fujii et al, who
detected an absolute scotoma in 28%.70,72 The main
difference between the two studies is the duration of
symptoms: Midena el al analyzed fixation pattern in
AMD patients with symptoms lasting for 49 months
while on the contrary in the Fujii et al study, 93% of the
patients had symptoms lasting o3 months.70,72

The density of the scotoma correlates as well with the
type of CNV but only in the early phases of exudative
AMD. Classic CNV correlates with a denser scotoma than
occult CNV.78 In advanced neovascular AMD there is no
statistically significant difference between type of CNV
and presence of dense scotoma.72 A different pattern of
macular functional impairment seems to affect patients
with a peculiar neovascular lesion called retinal
angiomatous proliferation (or deep retinal vascular
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abnormality or chorioretinal anastomoses). In these
lesions, a dense scotoma, migration and instability of
fixation all develop in early phases of the disease. The
development of a neovascular net in the inner layers of
the retina may be the reason for very early impairment of
photoreceptors.
The visual system is a plastic neuronal system, which

may be reorganized after the deactivation of some of its
components. When both eyes are functionally involved by
the development of a dense central scotoma, the pattern
of fixation and the perception of the scotoma changes.
Doris et al, analyzing the relation between macular
morphology and visual function in AMD patients with
CNV, observed that larger lesion size, greater area of
classic CNV, and a greater distance to healthy retina were
associated with poorer distance VA and worse contrast
sensitivity.79 However, when eyes were subdivided into
two groups depending on whether the study eye was the
better or the worse eye, only the size of the classic
component was significantly correlated with near and
distance VA. When the study eye was the worse eye
different associations were noted. The overall lesion size,
closely followed by the distance to healthy retina, showed
the strongest correlation with measures of visual function.
This means that in the worst eye visual function more
closely correlats with the morphologic damage to the
macula than it may be expected in the better eye, where
the visual function is better than expected for a given
macular disease. Therefore, in neovascular AMD, lesions
of similar morphology (even at OCT examination), may
have a different impact on visual function depending on
whether the eye is the better or the worse of the pair.79

Similar findings have been described in patients affected
by serpiginous choroiditis.47 In patients with both eyes
affected, a stable and central fixation can be detected in
the eye with the better visual acuity, even if the atrophic
chorioretinal lesion, due to the progression of the disease,
are morphologically similar in both eyes, with an
eccentric and unstable fixation in the other eye. It seems
that an eye never reaches its full potential unless forced to
by loss of the fellow eye. This explains the filling-in
phenomenon observed in late AMD.80 This phenomenon
has been described as a filling-in of the missing
information when part of an image falls on a blind area of
the visual field.81 In AMD patients, the filling-in
phenomenon which depends on the presence of a
scotoma, it is not seen in eyes whose fellow eye has good
vision, and it is only seen in the preferred eye of patients
with bilateral macular disease.80

Exudative Age-related macular degeneration: treatment

In the past, detection of retinal fixation by means of SLO
microperimetry was proposed before laser

photocoagulation of well defined juxtafloveal or
extrafoveal CNV secondary to AMD. Manual overlapping
of SLO static microperimetry to fluorescein angiography
was also performed. After laser treatment most eyes
demonstrated foveal fixation unless the fovea was
involved by laser scar or its enlargement.82 Some studies
were also performed in neovascular AMD eyes treated
with photodynamic therapy (PDT). A significant benefit
of PDT in the preservation of the central visual field was
reported using SLO microperimetry.83 The final scotoma
size was significantly smaller in the PDT group than in
the placebo one. In eyes with a foveal PRL at baseline, the
threshold of retinal sensitivity at the fovea improved after
therapy, resulting in visual acuity improvement. On the
contrary, in eyes with a parafoveal or unstable PRL before
treatment, a dense scotoma persisted despite complete
resolution of exudative manifestations following
treatment.
The current approach for the treatment of exudative

AMD involves the use of locally administered intravitreal
antiangiogenic drugs (bevacizumab, pegaptanib,
ranibizumab and aflibercept), whose effects on retinal
sensitivity have been more recently investigated.84–86

Bolz et al, investigating morphologic and functional
effects of the recommended loading regimen with
intravitreal ranibizumab, observed significant changes in
morphology and function only between baseline and
week 1, with no significant additional morphologic or
functional benefit following the second and the third
monthly injections.87 Longer term functional results were
documented by Parravano et al88,89 In a retrospective
24-weeks follow-up study, evaluating functional changes
after intravitreal ranibizumab (loading phase regimen—
three monthly injections—followed by retreatment if
signs of activity where still present), these Authors
detected that mean retinal sensitivity significantly
improved from 3.89± 3.0 dB at baseline to 6.61± 3.4 dB
even at 24 weeks (P= 0.044). Mean visual acuity
significantly improved from 48.67 ETDRS letters ± 8.58 to
60.72± 16.09 (P= 0.026). Improvement in fixation stability
from baseline was also observed in 33.3% of treated eyes.
The same Authors confirmed their functional findings
after 24 months.88,89 Moreover, although visual acuity
and retinal thickness changes had their peak 4 weeks after
treatment, Parravano et al observed that retinal sensitivity
shows more long term progressive improvement. After
24 months of follow-up, intravitreal injections of
antiVEGF determined progressive improvement of retinal
sensitivity up to the last examination, whereas visual
acuity improvement stopped at 6 months, suggesting that
microperimetry provide additional information about
macular function on a long term basis.88,89 The functional
discrepancies reported by these two groups may be
explained by the different component of the CNV
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included in each study. In Bolz et al series, 31% of the
CNV were predominantly classic, 38% minimally classic
and 31% occult. Conversely, in Parravano et al series,
22.2% of CNV were predominantly classic, 16.6%
minimally classic, and 61.1% occult. The higher rate of
predominantly or minimally classic CNV included by
Bolz et al may have negatively influenced final functional
improvement.87–89

With the introduction of spectral domain OCT and the
possibility to register the retinal sensitivity at each
stimulus location and to correlate it to the corresponding
location on SD-OCT morphology, it has been observed
that IS/OS junction integrity and external limiting
membrane restoration are both strongly positively
correlated with the change of retinal sensitivity during
treatment with intravitreal drugs.90–92

Surgical treatment of neovascular AMD has also been
investigated by microperimetry showing poor fixation
after submacular surgery.93 However, preoperative
irreversible damage to the neurosensory retina and
intraoperative damage deriving from the separation of
CNV from the neurosensory retina cannot be
distinguished, due to the fact that the fovea was relocated
over an area surgically devoid of any pigmentation.94

Low-vision rehabilitation

The reduced visual acuity in patients with late stage AMD
leads to the loss of reading ability. Therefore, reading
ability restoration is one of the main objectives in low-
vision rehabilitation (LVR) secondary to advanced AMD.
Adaptive strategies to reduce the impact of disabilities
due to vision loss develop naturally and quite early.95

One such strategy in AMD patients is the attempt to
reduce the impact of scotoma on central fields of vision,
developing scotoma awareness and displacement
abilities. To obtain it, images need to be projected on
eccentric PRL, which possess superior visual capabilities
and assume the functions of the lost macular area.96

One of the basic tenets of modern LVR is the concept of
PRL assuming ‘macular function’ after central vision loss.
However, in about 25% of cases PRL is located onto an
‘unfavorable’ retinal area and hence it is useless. In
addition to traditional low-vision aids and reading
rehabilitation training, a new method for PRL
rehabilitation is the biofeedback training using the
microperimeter.97 The biofeedback technique with MP-1
provides an effective method for PRL rehabilitation, by
training fixation accuracy and stability, and refixation
precision skills.98 Microperimetry in fact allows for the
investigation of the site and for the characteristics of the
PRL. Shima et al observed that in AMD eyes, PRL and
highest retinal sensitivity loci, identified by mean of
microperimetry, are two separate entities with no

identical retinal location.99 The aim of LVR interventions
should be relocation of PRL to the retinal loci with highest
retinal sensitivity, identified by means of microperimetry,
because reading speed improves if a new PRL is
established in an area that is more favorable for
reading.73,99

Moreover, microperimetry assesses the site and the
characteristic of PRL before and after rehabilitation.
Greater fixation stability with better PRL at the end of
vision rehabilitation, explains the improvement of visual
efficiency.

Conclusion

Microperimetry provides more information about visual
functional changes in patients with AMD than could be
obtained by the simple evaluation of visual acuity or
other visual function tests.
Visual function deterioration in AMD is characterized

by initial progressive deterioration in central retinal
sensitivity. Longer duration of the disease is a key factor
associated with worse fixation patterns and retinal
sensitivity deterioration. A better understanding of the
characteristics of visual loss in AMD will aid the clinician
in monitoring the natural history of the disease and in
quantifying the beneficial or detrimental effects of any
therapeutic intervention for AMD.
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