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The series Essentials in Ophthalmology was initi-
ated two years ago to expedite the timely trans-
fer of new information in vision science and
evidence-based medicine into clinical practice.
We thought that this prospicient idea would be
moved and guided by a resolute commitment
to excellence. It is reasonable to now update our
readers with what has been achieved.

The immediate goal was to transfer informa-
tion through a high quality quarterly publication
in which ophthalmology would be represented by
eight subspecialties. In this regard, each issue has
had a subspecialty theme and has been overseen
by two internationally recognized volume edi-
tors, who in turn have invited a bevy of experts

to discuss clinically relevant and appropriate top-
ics. Summaries of clinically relevant information
have been provided throughout each chapter.

Each subspecialty area now has been covered
once, and the response to the first eight volumes
in the series has been enthusiastically positive.
With the start of the second cycle of subspecialty
coverage, the dissemination of practical informa-
tion will be continued as we learn more about
the emerging advances in various ophthalmic
subspecialties that can be applied to obtain the
best possible care of our patients. Moreover, we
will continue to highlight clinically relevant in-
formation and maintain our commitment to ex-
cellence.

G.K.Krieglstein
R.N.Weinreb
Series Editors



Clinicians and basic scientists from the fields
of ophthalmology and vision research have
made tremendous progress in understanding
the pathogenesis of retinal diseases, developing
novel diagnostic techniques, and instituting new
treatments for retinal conditions.

This multi-authored volume provides concise
updates on the relevant and most challenging
topics in medical retina. It is a practical and use-
ful publication that will help all ophthalmolo-
gists, whether in training or in practice, to man-
age patients with retinal diseases.

The first two chapters on microperimetry
and scanning laser fundus imaging highlight
the advances in diagnostic technology that have
contributed significantly to our understanding
of the pathophysiology and treatment of vari-
ous diseases. The following chapters address the
latest developments in the area of age-related

macular degeneration including an update on ge-
netic factors, current management strategies us-
ing anti-VEGF therapy, the role of combination
treatments, and nutritional supplementation.
The atrophic form of late AMD, i.e., geographic
atrophy, is also addressed. Furthermore, cur-
rent treatment approaches to diabetic macular
edema and retinal vein occlusions are described.
Finally, there is a discussion of the novel insights
into Stargardts disease and idiopathic macular
teleangiectasia, as well as perspectives on the ex-
panding field of artificial vision.

Time and effort have been generously given
by the contributing authors, to whom we, as edi-
tors, are extremely grateful. We are indebted to
the editorial and production staff at Springer for
their commitment to a timely publication in this
rapidly moving field.

Frank G. Holz
Richard F. Spaide
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Chapter 1

Klaus Rohrschneider

Core Messages

B Macular diseases typically result in the
deterioration of visual function. For ac-
curate evaluation of macular disorders,
conventional visual field determination
has proven to be insufficient, because the
accuracy of the conventional visual field
relies on the assumption that fixation
happens at the fovea and remains stable.

B Fundus perimetry is the only reliable
method of visual field testing in patients
with instable or eccentric fixation due to
macular pathologies. While static thresh-
old perimetry may be preferred in eyes
with diffuse functional deterioration or
irregular scotoma, kinetic test strategies
allow for exact delineation of the border
of the deep scotoma.

B In eyes with macular holes exact delinea-
tion of size of functional deterioration is
very helpful, even in surgery.

B Counseling patients with choroidal neo-
vascularization (CNV) due to age-relat-
ed macular degeneration is much easier
with the help of microperimetry due to
knowledge of the paracentral scotoma
influencing visual function and reading
ability.

B In central serous chorioretinopathy the
symptoms are often difficult to under-
stand because visual acuity is normal.
Fundus perimetry demonstrates a deep
paracentral scotoma that is often very
concordant with the increase in retinal
thickness, explaining visual disturbance.

B Patients with Stargardt’s disease exhibit a
characteristic behavior of fixation, which
can be documented only via fundus ex-
amination.

B Fundus perimetry provides a more com-
plete assessment of macular function for
diagnostic purposes as well as for evalu-
ation of new treatment methods and ex-
pertise in simulation or aggravation in
patients with macular diseases.

1.1 Introduction

Macular diseases typically result in the dete-
rioration of visual function. While central visual
acuity represents a parameter of this function,
difficulties in daily life, such as reduced reading
performance frequently caused by (para)central

scotomas, are often missed. As far back as 1856,
the famous German ophthalmologist Albrecht
von Graefe remarked that central visual acuity is
only one aspect of visual function and additional
knowledge of the visual field is of equal impor-
tance. In the meantime, lots of different methods
for visual field measurement have been devel-



Microperimetry in Macular Disease

oped. Especially in glaucoma management, in
neuro-ophthalmological disorders, and in retinal
diseases such as retinitis pigmentosa, perimetry
is extremely important. Conventional methods
of visual field testing, such as Goldmann kinetic
perimetry and Humphrey or Octopus static pe-
rimetry, serve well for these applications. How-
ever, for accurate evaluation of macular disor-
ders, conventional visual field determination has
proven to be insufficient, because the accuracy
of the conventional visual field relies on the as-
sumption that fixation happens at the fovea and
remains stable.

Seeking an exact correlation between retinal
pathology and functional alteration, different in-
struments have been invented to perform perim-
etry under simultaneous fundus control [8, 19].
With the implication of infrared light sources,
the major problem of the very high light levels
necessary for retinal illumination in fundus ob-
servation could be overcome. After the invention
of the scanning laser ophthalmoscope (SLO), it
was possible to simultaneously visualize the fun-
dus and perform fundus-correlated functional
tests. As a result, fundus perimetry, or micrope-
rimetry, has been implemented in a clinical set-
ting, providing simultaneous observation of the
fundus and correction of eye movements during
the perimetric examination. By achieving precise
examination conditions for patients with small
retinal or choroidal lesions and poor fixation,
an exact correlation between retinal pathologies
and functional defects has become possible. Af-
ter the initial presentation of fundus perimetry
with a SLO by Timberlake and coworkers more
than 20 years ago, the value of this technique and
other fundus-related function tests used in the
diagnosis and follow-up of patients with macular
diseases has been documented [34, 54, 56].

Although the new technique has often been
named “microperimetry,” neither the stimulus
size nor the test grid is appropriately covered by
this term. Therefore, fundus-correlated perim-
etry or even fundus perimetry may represent the
more appropriate term for perimetry with simul-
taneous visualization of the fundus.

As a consequence of expanding surgical op-
tions and an increasing number of therapeutic
approaches for macular diseases, accurate func-
tional testing of the macular region has become

more and more important. With the advantage of
exact documentation of the actual test location
on the retina and a real-time correction for eye
movements, fundus perimetry is the only reliable
method of visual field testing in patients with un-
stable or eccentric fixation due to macular path-
ologies.

While the scanning laser ophthalmoscope
(Rodenstock Instruments, Ottobrunn, Ger-
many) is no longer available on the market, and
even maintenance of the existing instruments is
becoming more and more difficult, another com-
parable instrument has recently been developed:
the Micro Perimeter 1 (MP 1), designed and
manufactured by Nidek Instruments, Padova,
Italy.

This chapter describes the possibilities of
fundus-controlled function testing in macular
diseases with the SLO 101 and the MP-1, begin-
ning with the technical options and followed by
a selection of typical findings of specific macular
diseases or pathologies.

1.2 Instruments

1.2.1 Scanning Laser
Ophthalmoscope

The principle of the SLO was described in detail
earlier. In brief, the SLO projects a helium neon
laser beam (632.8 nm) and an infrared diode
laser (780 nm) simultaneously onto the fun-
dus with an image size of 33x21°. The amount
of light projected onto the retina is well below
the limits set by the ANSI (American National
Standards Institute) for lasers [3]. The HeNe laser
used for generation of the background and stimu-
lus illumination is adjusted via an acousto-optic
modulator in 256 steps. The image of the retina is
acquired simultaneously by illumination with in-
frared laser light through a set of nearly confocal
apertures. This makes it possible to project any
desired image onto the fundus, simultaneously
capture the actual fundus image and therefore
perform fundus perimetry, fixation tasks or dif-
ferent reading tests.

While the original Rodenstock software, es-
pecially in Europe, only supported the manual
detection of a light threshold for single-stimulus



locations, we developed more advanced soft-
ware that offers examination by automated static
threshold fundus perimetry and manual or auto-
mated kinetic perimetry comparable to the op-
tions of conventional cupola perimetry [31, 33,
34, 36].

1.2.1.1 Fundus Perimetry
(Microperimetry)

1.2.1.1.1 Static Threshold
Fundus Perimetry

Using Heidelberg perimetry software, any stimu-
lus can be projected exactly onto the predefined
fundus position by the help of a landmark set-
ting superimposed on the real-time image [33,
34, 36]. During each stimulus presentation, the
fundus image is digitized and a correction for
eye movements is performed. Background illu-
mination is typically set at 10 cd/m?. The fixation
target is a cross, measuring 1.5x1.5°, with a cen-
tral opening of 0.5°, which allows a stimulus to
be projected into the center of fixation. Stimulus
presentation time can be chosen to be either 120
or 200 ms. Stimulus intensity can be varied by 0.1
log steps from 0 to 21 dB. Here, 0 dB represented
the brightest luminance of 71 cd/cm?®. In addi-
tion, stimulus intensities of 23.6 and 26 dB can
be projected.

Stimulus diameters can be varied between
Goldmann size I and V. Differential light thresh-
old is measured with a 4-2-1 or 4-2 staircase
strategy at randomly selected stimulus locations.
To reduce examination time, starting luminance
for the first four stimulus locations is 2 dB higher
than the normal threshold. Following complete
light increment threshold testing in these lo-
cations, all following start-off values may be
adapted relatively to the surrounding threshold.

For the clinical application of this new tech-
nique, it was important to sample a normative
database. Based on 152 eyes in 99 healthy par-
ticipants, aged 16 to 77 years, a mean decrease in
light sensitivity of 0.275 dB per decade was found
starting with 16.6 dB at the age of 10 years [36].

1.2 Instruments

Summary for the Clinician

W Static fundus perimetry allows morpho-
logic alteration to exactly correlate with
congruous functional impairment.

B Different test grids and the option to
add additional test points allows specific
examinations to be performed.

B A normative data base enables defect
values to be calculated.

1.2.1.1.2 Kinetic Fundus Perimetry

In addition to static threshold fundus perimetry,
there is an option to perform either manual or
automated kinetic fundus perimetry. This allows
a more precise delineation of the scotomas, i.e.,
accurate definition of the border of a scotoma. In
manual mode, the investigator targets the stimu-
lus with the help of a computer mouse and when
the patient reacts by pressing a button, the fun-
dus image is digitized. Using the landmark set-
ting mentioned above, the actual location of fix-
ation and therefore of the stimulus is calculated
and stored [31].

In addition, an automated procedure can
be performed. Here up to 16 directions of the
stimulus, either from the center to the periphery
(centrifugal) or from the periphery to the cen-
ter (centripetal), will be tested one after another.
The velocity and maximum distance to a pre-
defined center may be varied. However, it should
be mentioned that there is no correction for any
eye movements during the test procedure, i.e., in
eyes with markedly decreased stability of fixation
this technique may give unexpected and artificial
results.

Summary for the Clinician

B Kinetic fundus perimetry allows the
border of a deep and sharply demarcated
scotoma to be precisely delineated.

B The examination time of kinetic fundus
perimetry is very short.
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Summary for the Clinician

B In eyes with decreased stability of fix-
ation unexpected and artificial results
may be obtained.

1.2.1.1.3 Evaluation of Fixation
Behavior

Examination of fixation has been of enormous
interest not only in macular disease, but also
in strabismus or for the detection of malinger-
ing and simulation. In the past, modified fundus
cameras or special TV cameras were used, but,
due to the high illumination levels, there was no
physiologic rationale of fixation behavior [7, 49,
57]. In clinical practice, the star figure of the di-
rect ophthalmoscope may be used, especially in
strabismic children, even without pupil dilation.
However, as a subjective test, the examiner may
wish for an option of documentation. Observa-
tion of fixation into a laser light is a comparable
technique, which may be documented with a
fundus camera simultaneously attached to the
slit-lamp.

The SLO offers the possibility of receiving in-
formation concerning the behavior of fixation
with mesopic light levels, even over time. This
means that stability and the area of fixation
can be observed. Specific macular diseases may
lead to typical changes in fixation with nearly
pathognomonic movement and variation as in
Stargardt’s disease [29]. Patients with deep or ab-
solute central scotoma will shift the location of
fixation and develop a new, so-called preferred
retinal locus (PRL). During the development of
an extrafoveal PRL, alternating fixation between
two or more distinct locations may be observed
[35, 52]. For adequate counseling and rehabilita-
tion, the knowledge of these changes is very im-
portant, as well as in age-related macular degen-
eration (AMD; Fig. 1.1).

A specific fixation task documents the stabil-
ity of fixation as the patient is asked to press a
button while actually looking at the fixation ob-
ject. Repeating this 30 to 50 times allows a mea-
surement of the fixation stability around the PRL
to be calculated [32].

During fundus-related perimetry, the actual
location of the fixation is stored for each stimu-
lus presentation. Thus, the time course of the fix-
ation can be monitored and even documented in
a video sequence.

1.2.2 Micro Perimeter 1

The MP 1 is not a SLO. Rather, the fundus image
is observed using an infrared fundus camera with
a 45° field of view. Perimetry is performed using
a liquid crystal display controlled by special soft-
ware. The major advantage over the Rodenstock
SLO, and even over our software, is the automatic
eye tracking, which compensates for eye move-
ments under real-time conditions and therefore
presents any stimulus exactly at the predefined
location.

In the meantime, its software has been fur-
ther developed and now allows automated static
threshold fundus perimetry, automated kinetic
fundus perimetry, as well as specific fixation and
reading tasks to be performed.

1.2.2.1 Static Threshold
Fundus Perimetry

Static fundus perimetry with the MP 1 can be
performed with different predefined test grids,
comparable to conventional cupola perimetry
or any grid defined by the investigator. Stimulus
size can be varied between Goldmann sizes I and
V, background illumination is either white or red
with background luminance of 4 asb, presenta-
tion time either 100 or 200 ms. The offset lumi-
nance for each test point location can be defined
at will, but usually will have an identical setting
for all locations of 10 dB.

For exact eye tracking, a region of interest on
the infrared fundus image has to be defined prior
to examination. Best alignment will be achieved
when clearly visible vessels or prominent struc-
tures around the optic disc are selected.

Examination time is comparable to our SLO
software, but about twice as long compared with
conventional perimetry. Further development
of an adaptive test strategy has decreased this
time.
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Fig. 1.1 Right eye of a 67-year-
old female patient with central
choroidal neovascularization
(CNV). Initially, she presented
with alternating preferred retinal
loci (PRL), the more central one
being dominant (top). Six weeks
following laser treatment, the
PRL has stabilized, and another
6 weeks later, the stability of
fixation is better, as seen by

the yellow dots representing
single fixations during perimetry
(bottom). Threshold values for
static perimetry are presented
according to the right-hand scale
in 1-dB steps with the highest
illumination at the top (blue).
Open rectangles demonstrate
absolute defects (from [28] with
permission)
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Meanwhile, a normative database has been 20 dB [22]. Therefore, the sensitivity for detect-
added to the actual software. While maximum ing early field defects might be lower in com-
light sensitivity is 20 dB according to the maxi- parison to SLO perimetry or even conventional
mum differential light threshold, a multicenter cupola perimetry.
study group in Italy found normal values of
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Summary for the Clinician

W Static fundus perimetry allows morpho-
logic alteration to exactly correlate with
congruous functional impairment.

B Different test grids and the option to add
additional test points allow specific exa-
minations to be performed.

B A normative database enables defect val-
ues to be calculated.

1.2.2.2 Kinetic Fundus Perimetry

In addition to static threshold fundus perimetry,
there is an option to perform automated kinetic
perimetry. After defining stimulus size, velocity
and direction, i.e., either centrifugal or centri-
petal relative to a defined centre, the instrument
automatically performs up to six different mea-
surements. Each stimulus movement is finished
either when the patient ascertains to have seen
the stimulus or when the maximum extent of the
movement up to 20° eccentricity is reached. Be-
cause there is no correction for eye movements
during stimulus presentation with this technique,
there may be false stimulus perception. There-
fore, it is possible to retest specific movements
after finishing the whole procedure.

Summary for the Clinician

B Kinetic fundus perimetry allows the
border of a deep and sharply demarcated
scotoma to be precisely delineated.

B The examination time of kinetic fundus
perimetry is very short.

B Automated kinetic test strategies en-
hance reliability.

B In eyes with decreased stability of fix-
ation unexpected and artificial results
may be obtained.

1.2.3 Comparison Between SLO
Perimetry and MP 1

Fundus-related perimetry has been established
as an important technique for evaluating visual
function in macular disease. However, using the
SLO with different set-ups of the instrument it-
self and different software options, ranging from
the original Rodenstock software to advanced
solutions like those from Sunness and cowork-
ers or our own software, led to results that were
not comparable among different instruments and
investigators [33, 51]. This drawback has been
overcome by the invention of the MP 1. Never-
theless, veering away from the use of laser scan-
ning optics has resulted in reduced quality of the
infrared image.

Comparison between the size and depths of
field defects observed with both instruments
demonstrated that the MP 1 will typically enlarge
the scotoma. However, there was good concor-
dance between SLO and MP 1, even in eyes with
field defects [41].

1.2.4 Accuracy of Fundus Perimetry

In addition, normal values for differential light
threshold, as well as data on reliability for single
locations or accuracy of determination of sco-
toma borders are important to judge the value
of any perimeter. Even in cupola perimetry, few
data exist. It has been shown in static perimetry
that as the depth of any scotoma increases or as
the mean defect (MD) rises variation and short-
term fluctuation increase as well [11, 12].

Comparable to these findings in static pe-
rimetry, the precision of determination of any
scotoma border during kinetic testing will be re-
duced as scotoma steepness decreases.

1.2.4.1 Static Threshold Perimetry

For both methods mentioned above, a normative
database for differential light threshold values
has been established [22, 36].

In addition, results concerning fluctuation
have been given by our group for the SLO with
repeated measurements at four specific loca-



tions in a group of normals. Ninety-five percent
confidence intervals were +4 dB around each
single test point. Short-term fluctuation for all
152 eyes included in this study was 2.0+0.8 dB
[36].

Mean reliability for three independent exami-
nations in 10 eyes was 1.5+0.7 dB (range 1.1 to
3.9 dB). As expected the largest differences were
observed at the border of the optic disc. For the
most sensitive detection of early field defects in
glaucomatous patients we found that two single
defects of 7 dB or more in a small grid of 30 peri-
papillary points result in a pathologic examina-
tion [38].

For examination with the MP 1, the standard
deviation of mean differential light thresholds
varied between 0.8 dB in the center and 4.1 dB
around the blind spot [47]. Most locations
showed a standard deviation of less than 2 dB.

While fundus-related perimetry was mostly
performed using static perimetry, measurement
of scotoma size has been another issue. When
examining the area of the blind spot with stimuli
of different sizes, different groups have shown the
influence of reflection of prominent structures
[6, 21]. However, accuracy of the definition of
the border largely depends on the number and
distance of different stimuli.

1.2.4.2 Kinetic Perimetry

With the use of the SLO it has been found that the
accuracy of measuring the blind spot as a physio-

1.2 Instruments

logic scotoma with a kinetic procedure also de-
pends on the morphology of the optic disc. In
eyes with nasal prominent supertraction the field
defect is enlarged, while in advanced cupping the
border is located more closely toward the margin
of the optic nerve head (Fig. 1.2). This may be ex-
plained by stray light caused by the retinal struc-
tures. Because the MP 1 does not use a scanning
laser source, we expect to strengthen this effect,
especially when using larger or brighter stimuli.
Findings in patients with larger central scotoma
demonstrated that scotoma size also varies de-
pending on reflectivity.

Repeated measurement of the area of the blind
spot with the MP 1 showed a variation of scotoma
size of up to 25%. However, the software did not
allow for retesting in directions with wrong re-
sults. When such findings were excluded, the ac-
curacy was much better.

1.2.5 Fundus-related Perimetry
Versus Cupola Perimetry

Since the development of automated static
threshold perimetry with the SLO a number of
comparisons between this technique and con-
ventional cupola perimetry have been performed
in healthy participants [4, 33]. Another study was
performed comparing MP 1 and Octopus perim-
etry in normals [47]. All these studies demon-
strated comparable results with deviation in the
range of short-term fluctuation values for com-
puterized perimetry.

Fig. 1.2 Normal eye with
large physiologic cup (CDR 0.4).
Kinetic fundus perimetry (Gold-
mann I, 0 dB) clearly delineates
the border of the disc with an
inferior extension
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When interpreting perimetric results one
has to bear in mind that exact knowledge of the
stimulus location is most important in patients
with macular disease [46]. Therefore, the obser-
vation that examination time is about twice as
long during fundus-related examination is of mi-
nor importance.

1.3 Clinical Implementation

While advances in medical and surgical options
of retinal diseases have changed treatment mo-
dalities and therefore the prognosis of macular
diseases, scientific evaluation is based upon two
types of parameter: morphologic and functional.
Documentation of morphological alterations
of the posterior pole has been rapidly changed
by new techniques such as laser scanning tomo-
graphy, optical coherence tomography, and au-
tofluorescence imaging. However, the more im-
portant measures are functional data, which are
typically based on central visual acuity. Since the
invention of fundus perimetry in the late 1980s,
an enormous number of studies have proven the
value of this method for the diagnosis and espe-
cially follow-up of macular disease [14, 16, 25,
26,27, 34,37, 39, 44, 58]. Another typical indica-

tion is small scotomas that are not detected by
other test methods (Fig. 1.3).

Clinical examples can be summarized best ac-
cording to specific diseases, for example, defined
macular dystrophies or definite stages of AMD
such as geographic atrophy (GA) of the retinal
pigment epithelium (RPE). Most clinical studies
have also focused on such groups of patients.

1.3.1 Macular Holes

One of the first exertions of microperimetry in
follow-up studies was macular hole surgery.
Acosta and coworkers, as early as 1991, described
dense scotoma over all macular holes and move-
ment of the preferred retinal locus (PRL) to the
top of the retina. Comparable results were ob-
tained by others [1, 10, 15, 45].

In addition, the correct diagnosis of macular
holes versus pseudoholes or epiretinal mem-
branes, which may be difficult in the early stages,
is simplified by differentiation of the amount of
functionalimpairment. Eyessuffering from macu-
lar holes develop an absolute scotoma (Fig. 1.4).
Consecutively, a movement of fixation occurs
outside this area, mostly toward the left margin
at the retina, i.e., temporal in right eyes [40]. In

Fig. 1.3 Fundus-related perim-
etry with the MP 1 demarcates

a small paracentral scotoma,
which was not detected with
conventional perimetry



contrast, patients with impending holes still had
a PRL located inside the hole area (Fig. 1.5). Sta-
bility of fixation shows no significant correlation
with visual acuity [20, 40].

Because surgical repair of advanced macular
holes has become the treatment of choice, addi-
tional data concerning functional development
over time have been added. Haritoglou and co-
workers described the occurrence of paracentral
scotomata in patients after vitrectomy for a macu-
lar hole. They had observed that some patients
complained of small paracentral field defects de-
spite good postoperative results in reading and
visual acuity [13].

1.3 Clinical Implementation

Summary for the Clinician

B Use of microperimety in macular holes
has been well established for years and
allows differentiation from pseudoholes.

B Accurate determination of preferred
retinal locus and retinal sensitivity, espe-
cially in the area surrounding the hole, is
helpful in macular hole surgery.

Fig. 1.4 Kinetic fundus perim-
etry in a right eye with macular
hole stage 3. While fixation has
moved towards the nasal border,
there is an absolute central sco-
toma (Goldmann II stimuli: 0, 5,
10, 15 dB)

Fig. 1.5 Isolated fixation test
with the scanning laser oph-
thalmoscope (SLO) in a left eye
with epiretinal membrane and
pseudohole; fixation is still stable
inside the hole
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1.3.2 Age-related Macular
Degeneration

According to earlier findings in patients with
central scotomata due to AMD, it would be ex-
pected that the location of paracentral scotomata
might influence visual function [9, 34].

1.3.2.1 Geographic Atrophy
of the RPE

The typical end-stage form of AMD is the devel-
opment of GA of the RPE, which may result in
an absolute scotoma overlying the atrophic zone
and markedly diminished reading capability. It
has been shown that involvement of the fovea
will lead to a movement of the fixation, i.e., the
PRL will change. The new PRL is typically located
superior to or to the left (i.e., temporally in right
eyes) of the atrophy, but sometimes the movement
can be documented over time (Fig. 1.6). While it
is indisputable that GA will result in an absolute
scotoma, this change offers the option to evaluate
the value of kinetic perimetry for exact delinea-
tion of scotoma borders. Nevertheless, there may
be artificially wrong results as documented at the
nasal border, where recognition has occurred be-
yond the blind spot for 2 isopters (Fig. 1.6).While
the exact location of the stimuli allows differen-
tiation between normal and pathologic function
(Fig. 1.7), sometimes the border of the scotoma
may not show a steep increase in light increment
threshold values, but an mild slope [30, 50, 53].
At the moment it is not clear whether hypo- or
hyperfluorescent areas during autofluorescence
in the junctional zone will develop typical func-
tional pathology [43].

Summary for the Clinician

B Fundus perimetry allows the size of the
absolute scotoma overlying the GA to
be exactly delineated, thereby allowing
growth to be documented during follow-
up.

B Development of a new eccentric PRL can

be documented. .

1.3.2.2 Choroidal
Neovascularization in AMD

The typical appearance of wet AMD is the devel-
opment of choroidal neovascularization(CNV).
While advanced treatment modalities have been
introduced, particularly most recently, only fun-
dus perimetry allows changes in pericentral light
sensitivity to be precisely documented.

Some years ago, when laser treatment of well-
defined juxtafoveal or extrafoveal CNV was the
treatment of choice, we were able to demonstrate
that the option of exact delineation of the PRL
in relation to the central border of the CNV may
simplify counseling of patients due to better pre-
diction of functional outcome, particularly read-
ing ability [34].

In the meantime, the surgical stripping oft of
the neovascular membrane has been introduced
into treatment modalities and functional results
can be followed using fundus perimetry [23,
59]. In addition, follow-up examinations during
photodynamic therapy (PDT) have been per-
formed [42]. Exact documentation of functional
results in more recent options like autologous
RPE-choroid sheet transplantation also requires
fundus perimetry (Fig. 1.8) [18, 55].

Summary for the Clinician

B Exact delineation of the PRL in relation
to the central border of the CNV may
simplify counseling of patients.

B Comprehensive examination of visual
function is achieved using microperim-
etry in eyes with CNV. .

1.3.3 Diabetic Retinopathy

The management of diabetic retinopathy is de-
fined by the morphologic situation and needs ei-
ther adequate laser photocoagulation or even sur-
gical treatment of tractive structures. In contrast,
for the patient only the functional options are of
interest. In diabetic macular edema in particular,
visual acuity measurements alone will not provide
sufficient data. While light sensitivity was reduced
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Fig. 1.6 Kinetic
fundus perimetry

of a right eye with
geographic atrophy
(GA) using the MP 1
shows instable fixation
located at the superior
retinal border. While
perimetry delineates
the morphologic
pathology for most
directions, the nasal
border is artifactually
wrong beside the optic
disc (top). Bottom:

3 weeks later, fixation
has moved toward the
temporal (left) border,
while the perimetry is
much more exact




12

Microperimetry in Macular Disease

in areas of macular edema there was no correlation
between the amount of edema and visual function
[39]. Different studies showed various results con-
cerning the correlation between macular edema
and light sensitivity threshold values [25, 39, 58].
Therefore, macular sensitivity, as obtained during
fundus perimetry, is a valuable tool in addition to
topographic data like optical coherence tomogra-
phy (OCT) measurements. Moreover, fundus pe-
rimetry may be of value in predicting the outcome
of diabetic macular edema.

Fig. 1.7  Static fundus perim-
etry in a right eye with several
small atrophic zones in AMD
and stable central fixation (VA
0.6). While there are absolute
scotomas overlying the GA
areas, the surrounding is roughly
normal. Threshold values for
static perimetry are presented
according to the right-hand scale
in 1-dB steps with highest illu-
mination at the top (blue). Open
rectangles demonstrate absolute
defects

Fig. 1.8 Fixation task with the
MP 1 in a right eye following
RPE-choroid sheet transplanta-
tion with stable fixation in the
transplanted area and reading
ability preserved (patient from
B. Kirchhof, Cologne)

The high accuracy is well documented as the
retina overlying laser scars shows markedly de-
creased function (mean defect >13 dB), similar
to the reduced function over blood vessels (an-
gioscotomata) or over circinata rings (Fig. 1.9)
[39].

Using the MP 1 we found similar results, with
a negative correlation between retinal thickness
and light sensitivity values (Fig. 1.10).
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Fig. 1.9 Static fundus perim-
etry with the SLO in a left eye
with nonproliferative diabetic
retinopathy. Testing with Gold-
mann II stimuli offers the option
to exactly delineate function loss
over laser scars or small vessels.
Threshold values for static pe-
rimetry are presented according
to the right-hand scale in 1-dB
steps with highest illumination
at the top (blue). Open rectangles
demonstrate absolute defects

Fig. 1.10 a Fundus perimetry
with the MP 1 in macular edema
shows a scotoma located nasally
to the fixation point; threshold
values are given according to the
color-coded scale on the right
with high luminance in red and
high contrast in green. b Optical
coherence tomography (OCT)
shows inhomogeneous edema
with the majority in the nasal
superior part

13



14

Microperimetry in Macular Disease

Summary for the Clinician

B In diabetic macular edema in particu-
lar, visual acuity measurements alone
will not provide sufficient data on visual
function.

® While the concordance between mor-
phologic and functional deterioration in
macular edema may be low, functional
results are of higher value to the patient.

B Microperimetry is able to document the
markedly decreased function of the reti-
na overlying laser scars. .

1.3.4 Central Serous
Chorioretinopathy

Central serous chorioretinopathy is another
typical disease involving the macula, leading to
subjective symptoms that are not always accom-
panied by deterioration of visual acuity. Most
of these male patients are markedly disturbed
by the sudden occurrence of a (para)central
retinal edema and consecutive visual field defect
(Fig. 1.11). There has been a good concordance
between the amount of edema and the decrease
in differential light threshold, but no correlation
with visual acuity [48]. Even months after reso-
lution of macular edema and recovery of visual
acuity, fundus perimetry might show diminished

Fig. 1.11 Left eye of a patient
with first occurrence of central
serous chorioretinopathy (visual
acuity 0.8). a Markedly reduced
differential light sensitivity
values nasally and superior to the
fovea. b Serous retinal detach-
ment in the OCT with maximum
thickness of 532 um (from [48]
with permission)



differential light threshold [27]. Therefore, thor-
ough perimetry is mandatory for adequate docu-
mentation of functional impairment in these
patients.

1.3.5 Stargardt’s Disease

This juvenile macular dystrophy is one of the
most frequent types of macular dystrophy and
usually starts in the second decade of life. This
autosomal recessive inherited disorder often
shows a mutation of the ABCA4 gene [2]. The
typical clinical appearance demonstrates macu-
lar changes, while cases with additional white
flecks at the posterior pole—fundus flavimacula-
tus—may be differentiated [24].

The functional changes lead to pericentral and
paracentral isolated small defects with remaining
central fixation over a long period of time. Loss of
central fixation typically leads to a PRL located at
the top of the scotomatous retina, i.e., movement
of the scotoma upward [35]. In addition, the cen-
ter of fixation changes for different fixation tar-
gets, i.e., various letter sizes, with increasing dis-
tance to the fovea for larger letter sizes (Fig. 1.12).
In more advanced stages fixation is always located
outside the deep central scotoma and typically
shows a much more pronounced vertical varia-
tion [32, 35]. This fixation behavior may allow
these patients to be differentiated from those with

1.3 Clinical Implementation

cone rod dystrophy or other forms of macular
dystrophy simulating Stargardt’s disease.

During the late stages of Stargardts disease
fundus perimetry typically demonstrates a deep
central scotoma with movement of the PRL at
the retina to the upper border of the visual field
defect, which means movement of the scotoma
upward in the visual field (Fig. 1.13). Kinetic
fundus perimetry also demonstrates an absolute
central scotoma. Using the automated kinetic
software implemented in the MP 1, artificial ir-
regular borders will sometimes be found due to
the remaining functional islands. Very seldom it
is possible to document the remaining central is-
land with pericentral scotomas that nearly touch
at the fovea.

Summary for the Clinician

B Patients with Stargardt’s disease exhibit
an almost pathognomonic fixation be-
havior with strong vertical variation
around a new PRL located superior to
the macula.

B During development of the new PRL dif-
ferent stages may be observed.

B Fundus controlled reading tasks dem-
onstrate that the location of the PRL is
dependent on character size.

Fig. 1.12 While fixation has
moved far upward at the retina
(white circle) in this right eye
with Stargardt’s disease, fixation
is much more central for differ-
ent reading tasks: small charac-
ters were fixated centrally

(area 1) and larger characters
with area 2. (from [35] with
permission)

15
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1.3.6 Vitelliform Macular
Dystrophy (Best’s Disease)

Vitelliform macular dystrophy is another type of
macular dystrophy with a typical clinical appear-
ance and onset in childhood, and was first de-
scribed by Best in 1905 [5]. This autosomal dom-
inant inherited disease is caused by mutations in
the VMD?2 gene. Visual acuity in most patients is
maintained in the 20/20 to 20/50 range for many
decades.

The typical vitelliform or “egg yolk” lesion,
composed of a round, homogeneous, opaque yel-
low lesion with discrete margins and measuring
approximately one disc diameter in size, is not
present in all patients. When the yellow material
within the vitelliform cyst develops a fluid level,
resulting in the appearance of a pseudohypopyon,
function is often markedly lost. Late stages may
include atrophic scar formation or subretinal neo-
vascularization comparable to changes in AMD.

During fundus perimetry the vitelliform le-
sion may be demarcated by a deep central visual
field defect, and the scrambled egg formation
even more (Fig. 1.14). Because there is no cor-
relation between different stages and remain-
ing visual function, it is impossible to forecast
findings during fundus perimetry caused by the

Fig. 1.13 Kinetic fundus
perimetry with the MP 1 ina
right eye with Stargardt’s disease
reveals fixation located at the
superior retina, while the abso-
lute central scotoma is outlined
in good concordance with the
retinal pathology. Threshold
values are given according to
the color-coded scale on the
right, with high luminance in
red and high contrast in green

morphologic appearance. In eyes with normal
or only slightly diminished visual acuity, only
small relative or absolute scotomas may be pres-
ent, with fixation close to the edge of the sco-
toma [17].

Summary for the Clinician

B Microperimetry may show an increase
in steepness of the central or paracentral
scotoma during different stages of vitel-
liform macular dystrophy.

® While subjective deterioration of visual
function in these patients may be in-
congruent with morphologic alteration,
fundus perimetry allows the influence of
paracentral scotomas to be better under-

stood.
1.4 Conclusion

Since the development of fundus perimetry with
the help of the SLO more than 25 years ago, re-
engineering has led to an instrument capable of
performing complete fundus-related perimetry




with automatic correction for eye movements.
This allows ophthalmologists to accurately ex-
amine patients suffering from macular disease
with unstable fixation or even loss of fixation, in
whom conventional computerized cupola peri-
metry would give artificially wrong results. Fur-
ther improvement of the optical pathway, most
suitably by incorporation of a scanning laser
ophthalmoscope, would enhance this method
further. In addition, fundus-related techniques
may improve low vision rehabilitation by train-
ing of PRL and reading [28].
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Chapter 2

Giovanni Staurenghi, Grazia Levi,
Silvia Pedenovi, Chiara Veronese

B cSLO recordings provide high resolution

topographic images of the living human
retina. Images are rapidly produced at
low monochromatic light levels with
specific wavelengths.

A near infrared laser is suitable to image
subretinal structures including choroidal
vessels, and subretinal deposits.

Fundus autofluorescence (FAF) imaging
allows for topographic detection of lipo-
fuscin in the retinal pigment epithelial
monolayer. This imaging mode has been
used for refined classification of early
and late AMD stages. In the context of
atrophic AMD patterns of abnormal
FAF have been identified, which confer
an increased risk of disease progression.
Distinct FAF patterns have also been
identified in central serous chorioreti-
nopathy (CSC) and give clues to distin-
guishing acute from chronic disease.
Fundus autofluorescence imaging is also
a rapid and noninvasive method of mak-
ing differential diagnoses of macular
holes.

The development of a wide-field contact
lens system has increased the imaging
field of ¢SLO up to 150°, which is es-
pecially useful in combined fluorescein
and indocyanine green angiography of
large or peripheral chorioretinal altera-
tions. The system was also successfully
applied in the detection of diabetic reti-
nopathy, retinal vascular disorders and
detachment, chorioretinal tumors, and

uveitis. .

Scanning laser ophthalmoscopes (SLO) were in-
troduced into clinical practice in 1989. The SLO
technologies were developed in Boston by Webb
and Hughes [64] and introduced into clinical
practice by Rodenstock with a nonconfocal scan-
ning laser ophthalmoscope.

In 1995, Heidelberg Engineering introduced
a confocal SLO (Heidelberg retina angiograph
[HRA]), first of all with only the possibility of
fluorescein angiography (FA). In 1997 this in-
strument was upgraded to provide the possibility
of performing simultaneous FA and indocyanine
green angiography (ICGA).

The principal difference between conven-
tional ophthalmoscopy and scanning laser oph-
thalmoscopy is in the nature of illuminating the
retina. In scanning laser technology, a laser beam
scans across the retina, and all the light energy is
focused onto a small spot for a short time. Light
reflected or emitted from the illuminated spot is
detected and electronically coded for subsequent
image composition on a computer screen. The
point-by-point illumination with efficient detec-
tion of the reflected light allows imaging with
relatively low levels of light, the ability to image
through a small pupil and through cloudy me-
dia. Confocal imaging is obtained by introduc-
ing a small pinhole aperture in a plane conjugate
to the focus plane. This causes rejection of light
originating from the plane of interest in the eye.
These two characteristics lead to a sharp image
with good contrast. Objects outside the plane of
interest are not imaged very well, so a proper im-
aging technique involves surveying the fundus to
make sure the correct plane is imaged. However,
because of the real-time acquisition of images
afforded by the scanning laser and the rejection
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of light that does not originate from the plane of
interest it is possible to obtain images with ad-
ditional lenses, such as wide-field lenses, or to
perform gonioangiography.

Scanning laser ophthalmoscope allows differ-
ent imaging modalities:
Near infrared imaging
Blue AF imaging
Near infrared AF imaging
Dynamic fluorescein angiography
Dynamic ICGA
Wide field imaging

2.2 Near Infrared Imaging

2.2.1

Infrared (IR) imaging is commonly used to im-
prove visualization and diagnosis of vascular dis-
eases of the eye. In particular, it provides better
visibility for subretinal features.

Subretinal pathology is a hallmark AMD, one
of the chief causes of visual loss in elderly adults
in industrialized countries [34].

Histopathological studies of human eyes indi-
cate that thereisa deposition of material in the lay-
ers beneath the retina. There is a diffuse thicken-
ing within Bruch’s membrane or between the RPE
and the basement membrane, as well as focal de-
posits (drusen) within Bruch’s membrane. There
is also a redistribution of the melanin in the RPE,
as sick cells shed their melanin and neighboring
cells take it up [6]. Potential pathological fundus
structures can be quantified using an SLO [65].

Infrared imaging is used to acquire digital im-
ages of the human fundus. Near infrared imaging
is well-suited to investigating subretinal struc-
tures [17, 18].

With an SLO, initial IR images (790 nm) re-
veal details of most fundus features [66]. Con-
temporary IR images with a fundus camera re-
veal only large or highly pigmented structures
[5]. IR images detected pathology [20], despite
the presence of hemorrhage or cataract [22].

Infrared illumination may improve the im-
aging of subretinal features, because increased
penetration through the fundus could provide
information from deeper layers and differential
absorption of IR light compared with visible light
may provide additional clinical information.

I

Introduction

2.2.2 The Effect of Wavelength on
Imaging in the Human Fundus

The layers of the human fundus contain a variety

of absorbing, reflecting, and scattering materi-

als, which differ significantly among individuals

[11, 59]. Absorbing substances, such as blood

and melanin, greatly influence the information

in fundus images in visible wavelength illumi-
nation [12]. Macular pigment, which masks the
underlying fundus layers in the foveal region to

a variable extent across individuals, also has peak

absorption in the short wavelengths with much

less absorption at other wavelengths including
infrared light [52, 69]. The absolute absorptions
of the pigments cannot be compared with one
another, since they depend upon the concentra-

tion of each pigment. Several studies [12, 16]

have demonstrated that the four primary ocular

pigments have different absorption wavelengths:

1. Atabout 500-650 nm, there are the major ab-
sorbing components of blood.

2. At 700-900 nm, oxygenated hemoglobin
(choroidal blood) increases in absorption
monotonically, whereas melanin continues to
decrease in absorption in this spectral range.

3. At about 950-1,050 nm, there is a large de-
crease that corresponds to the increase in wa-
ter absorption.

2.2.3 Comparison of Light
Tissue Interactions
for Visible and Near Infrared
Wavelengths Using SLO

The SLO provides several ways to improve con-
trast over fundus camera imaging, it illuminates
onlyasmall region of the fundusatatime (the fun-
dus camera illuminates the entire field of view), it
captures the light returning to the detector, and a
section of aperture permits the spatial sampling
of the light returning from the fundus [19].

2.2.4 Mode of Imaging

There are two modes of imaging, direct and indi-
rect, and the mode of imaging is determined by
the selection of aperture in a confocal imaging
system.



In direct mode imaging, there is a smaller cir-
cular aperture, and the image is determined from
direct reflection or backscattered light from the
plane of focus [5, 66].

In indirect mode imaging, there is an annu-
lar aperture; light is more laterally scattered [21].
At longer wavelengths light that can penetrate
deeply, structures in the RPE or choroids may be
back- or side-illuminated.

2.2.5 Contrast of the Fundus

The contrast of the fundus features varies both
with wavelength and imaging mode. In the direct
mode good contrast images arere obtained at all
wavelengths, including IR wavelengths not previ-
ously used for imaging.

The light levels needed to acquire IR images
are comfortable, even for children, and invisible
to most patients.

2.2.6 Fundus Features

Choroidal vessels are seen in the normal eye
with near IR imaging and less well at other wave-
lengths. The choroidal vessel contrast for IR is
usually dark on a light fundus background. Reti-
nal vessels appear dark or have dark borders at all
wavelengths in direct mode imaging. The optic
disc rim appears dark at all wavelengths in con-
focal mode. The optic disc in pathological eyes
can appear pale, especially in patients with dark
pigmentation or pathology near the disc, such as
a retinal detachment or staphyloma. The lamina
cribrosa appears light and is often well visualized
in older patients.

2.2.7 Imaging of Pathological
Features in Direct
and Indirect Mode

Subretinal pathology is seen to a much greater
extent with infrared imaging than with routine
clinical techniques. In direct mode subretinal de-
posits appear light, partially blocking the view of
choroidal vessels. These deposits are never seen
in patients under the age of 20 years and are usu-
ally small (<25 pm in diameter) in patients aged

2.2 Near Infrared Imaging

20-50 years. These are always seen in patients
with AMD.

In patients with exudative AMD and pigment
epithelial detachment, drusen were clearly seen.
The drusen seen in IR light were not seen to the
same extent at 594 nm.

Subretinal hemorrhage appears as a dark re-
gion. Scars, such as those following resolution of
choroidal new vessels or laser photocoagulation,
appear bright. These scars, atrophic regions, and
some types of deposits are so highly reflective that
to obtain an image, the light level must be reduced
beyond that useful for the surrounding fundus.

In indirect mode deeper layers must be im-
aged differently, such by retroillumination.

Topographical changes are emphasized in the
deeper layer, such as thickness changes due to ar-
eas of atrophy, fluid accumulation, or choroidal
new vessels, ore subretinal deposits.

The clinical hallmark of the nonexudative
form of AMD is drusen [8]. Determining who is
at risk of visual loss due to AMD is difficult for
several reasons.

First, drusen are often obscured in an ag-
ing population by media changes. Small drusen
are not resolved and contrast is reduced for the
borders of soft drusen. Second, there are large
individual differences in fundus appearance and
drusen visibility due to the variation in the con-
centration of ocular pigments, such as melanin,
across individuals [12, 67].

Summary for the Clinician

B Infrared light is used to improve imaging
of subretinal structures, which passed
readily into and out of the deeper fundus
layers [20].

B It can be used in adults and children.

B Subretinal deposits appear light and
thickened.

B The optic nerve head, retinal vessels, and
choroidal vessels appear dark.

2.3 Blue Autofluorescence Imaging

Fluorescence is luminescence characterized by
an emission of light on a short time scale after

23
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excitation. Light is absorbed by the fluorophores,
causing electrons to become excited to a higher
electronic state. The electrons remain in the ex-
cited state for a nanosecond, and then energy is
emitted as they return to their ground state. The
whole process is frequently illustrated using the
Jablonnski diagram, which illustrates the basic
mechanism of fluorescence [48].

2.3.1 Autofluorescence and the Eye

Most ocular media and tissue exhibit fluores-
cence emission upon excitation by suitable wave-
lengths of light [48]. A large variety of these ocu-
lar fluorophores exhibit marked changes in their
fluorescence properties with regard to age and
pathology. Thus, the biological and functional
properties of many ocular media and tissues and
their modifications are indicators of aging or
disease and can be used as diagnostic tools. The
accumulation of natural fluorescent proteins in
ocular tissue can result from exposure to ambi-
ent light [33, 58] or to ocular pathologies [35].
Ocular endogenous fluorophores are visible in
the cornea, lens, and RPE.

2.3.1.1 Fluorescence of the Retinal
Pigment Epithelium

Fluorescence of the RPE is mainly related to
lipofuscin. It is a fluorescent pigment that is
absent in fetal and newborn RPE| and continu-
ously accumulates in the RPE as a result of in-
complete digestion of spent rod outer segment
disks. Lipofuscin is potentially noxious, for it
acts as a photosensitizer in blue light, generat-
ing free radicals both in isolated granules and
within RPE cells. Lipofuscin contains several
distinct fluorescent components, one of which is
A2E, a red-emitting fluorophore of lipofuscin. It
has noxious effects on RPE cells in vitro, inhib-
iting lysosomal digestion of proteins and caus-
ing blue light-mediated disruption of lysosomal
membranes and RPE apoptosis [7, 28, 49]. An
increase of about 40% in the fluorescence in-
tensity of lipofuscin is commonly considered
an indicator of aging [48]. Similarly, it has been
demonstrated that the RPE contains abnormally

high levels of lipofuscin in a number of inher-
ited retinal disorders, such as Best’s disease and
Stargardts fundus flavimaculatus [36], and is
likely to be a crucial event in the development
of AMD [36]. Thus, the study of the lipofuscin
content in the RPE may give us more insight
into the pathogenesis of a number of retinal dis-
eases. Intact human lipofuscin granules exhibit
a broadband excitation spectrum from 300 to
about 620 nm, and an emission spectrum that
peaks in the yellow-orange region. Both excita-
tion and emission spectra are age-related [15].
Melanin is the other main chromophore of RPE;
it is generally considered to be nonfluorescent.
However, studies on melanin granules in vitro
showed age-related fluorescence properties,
probably due to some combination with lipofus-
cin. The excitation maximum of melano-lipo-
fuscin fluorescence is 364 nm, with an emission
maximum at 540 nm [48].

2.3.1.2 How to Evaluate RPE
Autofluorescence

The confocal imaging fluorometer is used as
a diagnostic method to investigate RPE auto-
fluorescence. The excitation light is focused in a
small area and the collection optics image this
area on the sensitive area of the photodetector.
A complete characterization of the collection
optics can be performed by replacing the detec-
tor with an appropriate light source and defining
the observation beam in this way. The volume
under test is defined by the overlap between the
excitation and the observation beam in the focus
position. To obtain fluorescence images, the il-
luminated area and the observation beam scan
the region of interest. For confocal fluorometry,
laser light is used to achieve a higher spatial
resolution. Recently, several confocal fluores-
cence measurements have been performed using
scanning laser ophthalmoscope (SLO) [48]. Us-
ing a confocal scanning laser ophthalmoscope,
characteristic patterns of fundus AF in normal
participants and in patients with different reti-
nal disorders have been described. Similarly, AF
measurements can be obtained by this method
[60, 61, 62].



2.3.2 Fundus Autofluorescence
Changes in Early AMD

Areas with abnormally increased or decreased
FAF signals may or may not correspond to fundu-
scopically visible alterations. To develop a classi-
fication system of abnormal FAF patterns in early
AMD a workshop was organized by the FAM
Study group (fundus AF in AMD) in Frankfurt,
Germany, on 30 July 2003, which was funded
by the German Research Council (Deutsche
Forschungsgemeinschaft—DFG). Alterations in
FAF can be classified into nine phenotypic pat-
terns including normal, minimal change, focally
increased, focally plaque-like, patchy, linear, lace-
like, reticular, and speckled.

The normal FAF pattern is characterized by
a homogeneous background AF with a gradual
decrease in the inner macula toward the foveola
due to the masking effect of yellow macular pig-
ment. Absence of abnormal alterations on FAF
images may be seen even in the presence of soft
or hard drusen.

Minimal change pattern describes eyes pre-
senting with only minimal variations from the
normal pattern; appearance showed very limited
irregular increase or decrease in background FAF
with no obvious topographic pattern.

The focally increased pattern is defined by the
presence of at least one spot (<200 pm in dia-
meter) of markedly increased FAF that is much
brighter than the surrounding background fluo-
rescence. The borders are well defined with no
gradual decrease in FAF observed between the
background and the area with focally increased
FAF. Some areas of focally increased FAF may
be surrounded by a darker looking halo. These
areas of focally increased FAF may or may not
correspond to visible alterations on color fundus
photographs such as focal hyperpigmentation or
drusen.

The patchy pattern is characterized by the
presence of at least one larger area (>200 um
in diameter) of markedly increased FAF. These
areas are brighter than the surrounding back-
ground fluorescence. The borders of these areas
are typically less well-defined than the previous
pattern and there is a gradual increase in FAF
from the background to the patchy area. Again,
these areas of increased FAF may or may not cor-
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respond to large soft drusen and areas of hyper-
pigmentation.

The linear pattern is defined by the presence of
at least one linear area with markedly increased
FAF. The borders of these areas of increased FAF
are typically well demarcated with no gradual de-
crease of FAF observed between the background
and the linear structure. These linear structures
of increased FAF usually correspond to hyperpig-
mented lines on the color fundus photograph.

The lace-like pattern shows multiple branch-
ing linear structures of increased FAF forming
a lacy pattern. The borders may be difficult to
define as a gradual decrease of FAF is occasion-
ally observed from the center of the linear areas
toward the surrounding background. This lace-
like pattern of increased FAF may correspond to
hyperpigmentation on the color image or to no
visible abnormality.

The reticular pattern is defined by the presence
of multiple small areas (<200 pm in diameter) of
decreased FAE The borders of these areas of de-
creased FAF are typically difficult to determine
since there is a decrease in FAF from the center of
the lesions toward the surrounding background
fluorescence. The reticular pattern was found to
occur not only in the macular area, but also more
typically in a supero-temporal location. This pat-
tern of decreased FAF may be associated with
funduscopically visible numerous small soft dru-
sen, hard drusen, areas with pigmentary changes
or with no visible abnormality in the fundus pho-
tograph.

The speckled FAF pattern is characterized by
the simultaneous presence of a variety of FAF ab-
normalities in a larger area of the FAF image. The
changes extend beyond the macular area and may
cover the entire posterior fundus. Typically, these
abnormalities include multiple small areas of ir-
regularly increased and decreased FAE The small
areas of focally increased FAF may be punctuate
or resemble linear structures. The corresponding
abnormalities visible on color fundus photographs
include hyper- and hypopigmentation, multiple
subconfluent, and confluent drusen [22].

An international FAF classification system
may be useful for other groups performing FAF
imaging in the context of AMD research. It may
help to perform meta-analyses of similar stud-
ies in the future. In addition, if certain FAF pat-
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terns turn out to represent high-risk character-
istics for disease progression, predictive factors
may be identified that may help to target future
prophylactic interventions. Furthermore, re-
fined phenotypic classification may potentially
facilitate identification of genetic risk factors in
AMD [56]. Preliminary data suggest that there
is a correlation between FAF changes and risk of
progression to AMD with visual loss, especially
for the patchy pattern.

2.3.3 Fundus Autofluorescence
Changes in Choroidal
Neovascularization in AMD

In the clinical setting, fundus fluorescein an-
giography (FFA) is routinely used to assess the
location, extent, and nature of lesions in AMD.
Neovascular complexes are classified as classic
or occult lesions based on the definitions by the
Macular Photocoagulation Group. Autofluores-
cence imaging has been developed as a tool to
evaluate RPE during aging and in ocular disease.
It allows the assessment of AF derived from
lipofuscin in RPE [13, 60, 61]. Excessive accu-
mulation of this compound precedes photore-
ceptor degeneration [37, 63, 68]. The ability to
assess the integrity of RPE is important because
it may affect the behavior of new choroidal ves-
sels. Also, visual outcome may be determined
by whether the RPE maintains its physiological
function. Patients with neovascular membrane
of recent onset show areas of hyperfluorescence
on fundus fluorescein angiography correspond-
ing to areas of normal AF with adjacent areas of
increased AF [10]. Preserved AF indicates viable
RPE initially, which has implications for treat-
ment interventions and long-term visual prog-
nosis. Patients with a diagnosis of neovascular
membrane made within 1-6 months, or with
late-stage neovascular membrane, showed areas
of decreased AF corresponding in the first group
to areas of previous leakage on fundus fluores-
cein angiography and in the second group to at-
rophy. Decreased AF indicates loss of RPE and
photoreceptors.

2.3.4 Fundus Autofluorescence
Changes in Geographic
Atrophy in AMD

Geographic atrophy of the RPE is a frequent cause
of severe visual loss in patients with AMD, and it is
responsible for approximately 20% of legal blind-
ness [32]. The pathophysiologic mechanisms un-
derlying the atrophic process, which involves not
only the RPE but also the outer neurosensory ret-
ina and choriocapillaris, are poorly understood at
present. Holz and colleagues recorded a diffuse,
irregular, increased AF at the posterior pole at
baseline in the presence of unifocal or multifocal
patches of geographic atrophy. Within these ar-
eas of elevated AF, new atrophic areas developed,
and existing patches of atrophy enlarged during
the review period, whereas this was not observed
in areas with normal background AF. The total
area of abnormal AF also showed enlargement
over time. Thus, preliminary findings suggest
that areas of increased AF precede the develop-
ment and enlargement of outer retinal atrophy in
eyes with AMD. Preliminary observation using
FAF images suggested that there may be distinct
phenotypes with regard to change in FAF in the
junctional zone of GA [31]. The Fundus Autoflu-
orescence in Age-related Macular Disease Study
Group classified four patterns of abnormal FAF
in the junctional zone of geographic atrophy: fo-
cal, banded, patchy, and diffuse patterns.

Focally increased AF describes the presence
of single or multiple small spots of markedly fo-
cally increased FAF at the margin of the atrophic
patch.

Banded increased AF is characterized by the
presenceofacontinuousstippledbandofincreased
FAF surrounding the entire atrophic area.

Patchy increased AF involves the presence of
larger areas of patchy increased FAF outside the
area of GA. Their intensity tends to be to a lesser
degree compared with the focal pattern.

Diffusely increased AF is the most frequent
pattern of increased FAF that is not confined
to the margin of the atrophic areas, but shows a
larger spread at the posterior pole. These diffuse
changes are classified into four subtypes: reticu-
lar, branching, fine granular, and fine granular
with peripheral punctate spots.



The reticular pattern is characterized by vari-
ous lines of increased FAF with a preferential
radial orientation and branching by a diffusely
increased FAF with a fine branching pattern of
increased FAF signal. The fine granular pattern
is characterized by a larger area of increased FAF
with a granular-like appearance surrounding the
GA. Fine granular changes with peripheral punc-
tate spots indicates the presence of diffuse FAF
change surrounding the atrophic area with elon-
gated small lesions with increased FAF signal.
These distinct patterns may reflect heterogeneity
at a cellular and molecular level in contrast to a
nonspecific ageing process. A refined phenotypic
classification may be helpful to identify prognos-
tic determinants for the spread of atrophy and vi-
sual loss, for the identification of genetic risk fac-
tors, and for the design of future interventional
trials [4].

2.3.5 Fundus Autofluorescence
in Acute and Chronic
Recurrent Central Serous
Chorioretinopathy

Central serous chorioretinopathy (CSC) is char-
acterized by a shallow, round, and serous detach-
ment of the neurosensory retina, although small
detachments of the RPE may also occur. It is a
disease of the RPE, leading to pathological breaks
within the RPE layer and to consecutive subreti-
nal leakage; however, the choroid also seems to
be affected. Thus, reverse pumping of fluid into
the subretinal space due to choroidal and RPE
changes might also lead to neuroretinal detach-
ment. This supports the generally adopted opin-
ion that RPE plays a crucial role in the develop-
ment of CSC. Distinct AF patterns of CSC can
be observed in both acute and chronic recurrent
disease. AF is therefore an interesting tool for
use in differentiating between acute and chronic
recurrent stages. In acute CSC, decreased AF is
presumably due to a blockage caused by edema,
whereas in chronic recurrent forms, irregular
and increased AF is observed, possibly reflect-
ing reactive RPE changes secondary to RPE de-
fects and neurosensory detachment. Anther AF
change is decreased AF at the point of leakage,
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which could be explained by the subretinal fluid
blocking the AF, or RPE atrophy at the leakage
point itself, as is presumed in chronic recurrent
cases [24].

2.3.6 Fundus Autofluorescence
in Stargardt’s Macular
Dystrophy-Fundus
Flavimaculatus

Stargardt’s macular dystrophy-fundus flavimacu-
latus (STGD-FFM) is inherited retinal dystrophy
characterized by the presence of white-yellow
deep retinal lesions, the so-called flecks, in the
posterior pole exclusively or extending to the
midperipheral retina. Most patients will develop
overt atrophic macular lesions. Functional ab-
normalities in STGD-FFM include loss of macu-
lar function with or without loss of generalized
cone, or cone and rod function [25, 26, 37]. The
disease is inherited as an autosomal recessive trait
and it is caused by mutations in the ABCA4 gene.
Using a noninvasive fundus spectrophotometer,
Delori and associates demonstrated abnormally
high fluorescence intensity, with the spectral
characteristic of lipofuscin, in 5 patients with
STGD-FFM and dark choroids. Although previ-
ous reports [14, 61] found high levels of AF in all
patients with STGD-FFM, some may have nor-
mal or even low levels of AE These findings could
be explained as the result of the wider variety of
STGD-FFM phenotypes included. Some patients
with STGD-FFM had normal levels of AF across
the entire area studied. In these cases, however,
there was an abnormal distribution of AF on
cSLO images, and abnormal macular function,
as demonstrated by pattern electroretinography
(PERG). This may suggest that the threshold
for RPE damage caused by lipofuscin may vary
among patients and, thus, in some cases, RPE
damage could occur with normal levels of lipo-
fuscin within the cell. Alternatively, normal levels
of AF could be the result of loss of photorecep-
tors or RPE cells without marked atrophy. Loss of
photoreceptor cells would decrease the amount
of photoreceptor outer segments shed, which
would subsequently decrease the amount of lipo-
fuscin formed by the RPE cells. Lastly, it would
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be still possible that these patients with normal
AF levels may represent a different phenotype
within STGD-FFM, or even a different disease
that simulates STGD-FFM. There seemed to be a
relationship between patterns of AF and periph-
eral functional abnormalities. All patients tested
with low levels of AF at the center of the macula,
including the fovea, and normal or low levels of
AF temporally and nasally, had peripheral cone
and rod dysfunction. Thus, it appears that this
pattern of AF may be associated with more wide-
spread disease. Most patients with normal or high
levels of AF at the center of the macula, including
the fovea, and high levels of AF temporally and
nasally, and those with normal levels of AF across
the entire area studied, had normal peripheral
cone and rod function. However, there appeared
to be no relationship between levels of AF and
macular dysfunction, as detected by PERG, since
all patients had marked PERG abnormalities in-
dependently of levels of AE. Levels of AF, how-
ever, were measured only within a rectangular
band across the macula, and not throughout the
entire macular region. Thus, it is possible that a
closer relationship between levels of AF and elec-
trophysiologic abnormalities might be found if
levels of AF were measured in a larger area of the
retina. A relative peripapillary sparing is char-
acterized by a lack of flecks and atrophy in this
region, even in those cases of diffuse RPE abnor-
malities and atrophy. It is unclear why the peri-
papillary area may remain relatively “protected”
from the damage caused by lipofuscin [38].

2.3.7 Fundus Autofluorescence
in Patients with Macular Holes

Autofluorescence imaging is useful for the diag-
nosis and staging of macular holes and is compa-
rable with the results of fluorescein angiography.
AF imaging demonstrates the bright fluorescence
of macular holes with an appearance similar to
that obtained by fluorescein angiography. In con-
trast, macular pseudoholes showed no such AE
The attached operculum in stage 2 macular holes
and the preretinal operculum in stage 3 macular
holes showed focally decreased AF. The associ-
ated retinal elevation and the cuff of subretinal
fluid were less fluorescent compared with the

background AF of the normal fellow eyes. Fol-
lowing successful surgical treatment the AF of
the macular holes was no longer visible. Being
noninvasive and rapid, AF imaging may become
a useful alternative to fluorescein angiography in
the assessment and differential diagnosis of full
thickness macular holes [63].

Summary for the Clinician

B Fluorescence is characterized by an
emission of light after excitation.

B Fluorophores absorb light with excita-
tion of electrons; energy is produced as
they return to their ground state.

B There are nine phenotypic patterns: nor-
mal, minimal change, focally increased,
focally plaque-like, patchy, linear, lace-
like, reticular, and speckled.

B Decreased AF indicates loss of RPE and
photoreceptors

B There are four patterns of abnormal FAF
in the junctional zone of geographic atro-
phy: focal, banded, patchy, and diffuse.

B Fundus AF may also be used in cases
of Stargardts macular dystrophy-fun-
dus flavimaculatus and in patients with

macular holes. .

2.4 Wide-Field Contact Lens System

2.4.1

Modern confocal laser scanning ophthalmos-
copy (SLO) is used to perform simultaneous
fluorescein and ICGA (HRA; Heidelberg Engi-
neering GmbH, Dossenheim, Germany) [2, 27].
With this instrument, the field of view is variable
at 10°, 20°, and 30°. Typical 30° SLO images are
excellent for most retinal applications, but inad-
equate for recording chorioretinal findings that
are large or located well anterior to the ocular
equator. The development of a wide-field contact
lens system that increases the imaging field of a
confocal SLO up to 150°, providing a 5-fold in-
crease in the field of view, allowed this limitation
to be exceeded [55].

Introduction



2.4.2 Materials and Methods

2.4.2.1 Structure of a Wide-Field
Contact Lens System

The lens used to explore the periphery of the
retina is an integrated, multielement, wide-field
contact lens system. (Ocular Staurenghi 230
SLO Retina Lens; Ocular Instruments, Bellevue,
WA, USA). It consists of two biconvex aspheric
lenses and a two-element convex-concave con-
tact lens. It has x0.23 magnification and is afo-
cal when used with gonioscopic gel. Antireflec-
tion coatings reduce reflections to less than 0.1%
for 514-nm red-free and 835-nm IR reflectance.
The wide-field contact lens system was designed
and constructed to increase the 10°, 20°, and 30°
imaging fields of the SLO to 50°, 100°, and 150°
respectively. All design calculations for the lens
system were performed with the OSLO ray trac-
ing program (release 6.1; Lambda Research Cor-
poration, Littleton, MA, USA), using a modified
Le Grand-El Hage unaccommodated theoretical
eye model [55].

2.4.2.2 Limit and Advantage
of a Wide-Field Contact
Lens System

The wide-field lens complements other previ-
ously documented advantages of SLO [2, 23, 27,
29, 30, 54]. Structures well anterior to the chorio-
retinal equator are imaged readily. Even more pe-
ripheral structures are detectable and recordable
with changes in patient fixation. The extended
imaging field provided by the lens obviates the
need for photomontages, avoiding their poten-
tial limitations, which include skipped areas and
local variations in contrast and magnification.
The peripheral retina and choroid are imaged
readily through a small patient pupil (although
field size is not as large as with dilated pupils),
and iris neovascularization can be documented
easily. The good vascular detail afforded by con-
focal SLO IR reflectance imaging is unimpaired.
The wide-field SLO lens can be used with adults
or children, although the contact element is too
large for infants. It is also useful for patients with
aphakic and pseudophakic eyes, and for patients
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with cataracts of low to moderate opacity. Place-
ment of the wide-field SLO lens on a patient’s
cornea requires a few seconds. On account of the
insufficient overall optical transmission of the
wide-field SLO lens, it is not possible to perform
AF imaging. Reflections during fluorescein and
ICGA are negligible because of the excellent an-
giography filters of the SLO, but lens reflections
can be seen in the IR fundus. Good resolution is
preserved in late angiogram frames [55].

2.4.2.3 Technique for Performing
the Examination

Each patient requires topical pharmacologic di-
lation and is positioned for imaging using a stan-
dard chin rest. Patients viewed a fixation target
with their contralateral eye when feasible. After
topical anesthesia, a wide-field SLO lens is placed
with gonioscopic gel on the cornea of the eye to
be examined. The examiner views the monitor
of the SLO, which displays an inverted image of
the patient’s fundus produced by the wide-field
contact lens system. Modified HRA Eye Explorer
software, version 1.3 (Heidelberg Engineering)
permits image inversion to facilitate ophthalmos-
copy and angioscopy. The SLO focus is adjusted
for maximum retinal vessel contrast. Alignment
between the optical axes of the lens and the axis
of the HRA SLO is required to optimize image
quality. Retinal angiography is performed by in-
jecting a 5-ml solution of 25 mg of ICG diluted
with 5 ml of 20% sodium fluorescein. Although
these are normal doses for conventional fun-
dus cameras, they are higher than typical SLO
doses, which are inadequate for wide-field imag-
ing. Angiographic dye injection is followed by
a 5-ml isotonic sodium chloride solution flush.
Dynamic, simultaneous fluorescein and ICGA
movies are recorded at 6 frames per second at
256x256-pixel resolution. Recording begins
when ICG fluorescence first appears on the SLO
monitor and lasts for approximately 20 s. A series
of fluorescein and ICGA images (512x512 pixels,
1-mm scan depth) are then recorded at different
focal planes. Image collection typically required
less than 2 min per eye. Patients with conditions
such as diabetic retinopathy or central retinal
vein occlusion received only sodium fluorescein
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(5 ml of 20% sodium fluorescein dye followed by
a 5-ml isotonic sodium chloride solution flush).

The “compute mean” and “compute compos-
ite” software functions of the HRA SLO are used
to average and process images from different fo-
cal planes respectively. The 512x512-pixel image
files required 288 KB of computer disk storage
space. Local and global chorioretinal features can
be documented with the wide-field SLO lens sys-
tem by zooming in on selected structures using
smaller SLO field settings. Higher SLO resolu-
tions are available when needed by removing the
contact lens, irrigating the cornea (ideally with a
5% glucose solution), and using the 30°, 20°, or
10° image field sizes of the SLO [55].

2.4.3 Other Techniques
of Execution of Wide-field
Fluorescein Angiograms

Wide-field fluorescein angiograms can be cre-

ated by:

1. Using a dedicated wide-field camera system

2. Usingan accessory lens to expand the imaging
field of a standard noncontact fundus camera
or SLO

3. Producing a photomontage from a conven-
tional fundus camera or SLO images

Each method has its advantages and disad-
vantages.

Photomontages of static images can be pro-
duced manually or by computer automation.
Manual photomontages are created by cutting
and pasting photographic prints or by overlap-
ping and blending their digitized images with
photo-editing software [9, 39, 51]. Higher resolu-
tion is achievable with wide-field manual photo-
montages [42, 50], but their preparation is lengthy
and laborious. The HRA Eye Explorer software
automates photomontage preparation, producing
photomontages that range from 100 to 140° [47].
The software takes approximately 5 min to iden-
tify and align retinal vascular patterns in adjacent
images. The additional photography required
to produce a photomontage requires only a few
minutes for an experienced photographer.

Manual and automated photomontages have
excellent image detail in their individual small-

field images, but neither is useful for dynamic an-

giography. Both techniques introduce inaccura-

cies in judging the extent of or changes in a large

peripheral chorioretinal structure because:

1. Contrastand brightness can varyacross photo-
montages

2. Magnification and distortion can vary within
and between photomontage elements that
represent different two-dimensional projec-
tions of the highly curved peripheral retina

3. Automated processes can produce skipped
areas

Dynamic angioscopy, changes in patient fix-
ation, and the broad 150° SLO imaging field pro-
vided by a wide-field SLO contact lens system
obviate the need for manual or computer-auto-
mated photomontages.

Several dedicated wide-field camera systems
are available currently. A two-color, very wide-
field SLO has been developed for retinal exami-
nation (Panoramic200; Optos, Dunfermline, UK)
with lower resolution than angiographic SLOs.
Non-SLO wide-field camera systems use a con-
tact ophthalmoscopic lens and either transscleral
illumination primarily for adult patients (Panoret
1000; Medibell, Haifa, Israel) or transpupillary il-
lumination primarily for pediatric patients (Ret-
cam 120; Massie Research Laboratories, Dublin,
CA, USA). The original Equator-plus camera used
either type of illumination [45] and produced
static, low-magnification, 148° film images.

Contemporary wide-field contact cameras
are independent, computer-automated imaging
systems that offer dynamic, 90° to 110° digital
images with higher resolution than the original
Equator-plus camera. They produce excellent
wide-field images, but since all available retinal
detail is in the ophthalmoscopic image produced
by their contact ophthalmoscopy lens [41, 46]
magnifying that image optically and/or digitally
cannot provide the additional detail available in
high-resolution, smaller-field fundus cameras or
SLO images.

Accessory contact and noncontact lenses have
been used to increase the field of view of con-
ventional fundus cameras [43, 44, 53]. The fea-
sibility of increasing the imaging field of the first
nonconfocal SLO was demonstrated using the
contact lens element of an Equator-plus camera.



A handheld, noncontact 30-D ophthalmoscopy

lens was used to increase the imaging field of a
confocal SLO (Rodenstock, Munich, Germany)
from 40 to 70° to study the watershed zone of the
peripheral choroid [57].

2.4.4 Clinical Application

Angiography with a wide-field contact lens sys-
tem is useful in different pathologies such as dia-
betic retinopathy, chorioretinal tumors, uveitis,
retinal vascular disorders (central and branch
retinal vein occlusion), retinal detachment, and
other peripheral chorioretinal disorders.

Summary for the Clinician

B Wide-field fluorescein angiograms can
be created by using a dedicated wide-
field camera system, by using an acces-
sory lens to expand the imaging field of
a standard noncontact fundus camera or
SLO, or by producing a photomontage
from a conventional fundus camera or
SLO images

B Manual and automated photomontages
have excellent image detail in their indi-
vidual small-field images.

B Both techniques introduce inaccuracies
because: contrast and brightness can
vary across photomontages, magnifi-
cation and distortion can vary within
and between photomontage elements,
and automated processes can produce
skipped areas.

B Wide-field contact lens systems are use-
ful in diabetic retinopathy, chorioretinal
tumors, uveitis, retinal vascular disor-
ders, retinal detachment, etc.
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Chapter 3

Core Messages

B Age-related macular  degeneration
(AMD) is a genetically complex disorder
of the photoreceptor-retinal pigment
epithelium-Bruch’s membrane-chorio-
capillaris complex.

B Susceptibility to disease is genetically in-
fluenced. The heritability has been esti-
mated to be 71%.

B Linkage and association studies found
strongest evidence for AMD suscep-
tibility loci on chromosome 1q31 and
10q26.

B Variants in the complement factor H
gene on chromosome 1q31 have been
shown to be associated with an increased
risk of AMD in the Caucasian popula-
tion. These findings suggest that the in-
nate immune system plays a central role
in AMD pathogenesis.

m The LOC387715/HTRA1
10g26 has been identified as an indepen-
dent major locus contributing to AMD
pathogenesis.

B Considering  variants at  CFH,
LOC387715/HTRA1, and C2-BE ho-
mozygosity for risk alleles at all three
loci account for an approximately 250-
fold greater risk of AMD compared with
baseline.

locus on

Hendrik P.N. Scholl, Monika Fleckenstein, Peter Charbel Issa,
Claudia Keilhauer, Frank G. Holz, Bernhard H.F. Weber

3.1 Introduction:
Genetic Influence on AMD

Age-related macular degeneration (AMD) is a
genetically complex disorder of the photorecep-
tor-retinal pigment epithelium-Bruchs mem-
brane-choriocapillaris complex [7, 14, 34, 84].
Late AMD is now the most common cause of
legal blindness in the western world, with a prev-
alence of 0.05% before the age of 50 years and
11.8% after 80 years of age [21]. Unless effective
methods of prevention and treatment are found,
the prevalence of AMD is expected to double in
the coming decades due to an expected demo-
graphic shift toward an aging population [21].

A genetic influence on AMD pathology is
well known from family and twin studies [15,
23,25, 32, 37, 40, 62, 83]. First-degree relatives of
patients with AMD, compared with first-degree
relatives in families without the disorder, are at
increased risk (odds ratio, 2.4) of the condition
[62], are affected at a younger age [9, 40], and
have an increased lifetime risk of late AMD (risk
ratio, 4.2) [40].

In order to determine the relative contribu-
tion of heredity and environment to the etiology
of AMD, Seddon and co-workers performed a
population-based twin study of AMD including
both concordant/discordant and monozygotic/
dizygotic sibling pairs [65]. Heritability estimates
for AMD were significant and ranged from 46 to
71%. These results underscored the need to pur-
sue the search for AMD-related genes, despite
the initial difficulties encountered with genetic
analyses of a complex disease with late onset.
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Summary for the Clinician

B Family and twin studies have shown that
susceptibility to disease is genetically in-
fluenced.

B Heritability is significant and is estimat-
ed to be approximately 71%.

3.2 Analysis of Candidate
Genes for AMD

The progress made within the last decade by
studying hereditary monogenic macular and
retinal dystrophies has offered some investigative
leads to the further study of AMD genetics. The
similarities that exist between the phenotypic
expression in the hereditary early onset diseases
and some of the later onset complex traits as seen
in AMD suggested the potential involvement of
such candidate genes in AMD-related pathology.
In addition, candidate genes were identified based
on linkage study results (positional criteria) and
knowledge about gene function (functional cri-
teria). However, this approach has not led to a
breakthrough. Table 3.1 summarizes such candi-

date genes with negative (i.e., no involvement in
AMD pathogenesis) results to date [29].

For other genes, some evidence of an associa-
tion with AMD was shown. Genes with at least
one result of positive association to date include:
ABCA4, HEMICENTIN (Fibulin6), CX3CR1,
HLA genes, VEGF, ELOVL4, SOD2, PONI,
VLDLR, TLR4, LRP6, Fibulin5, ACE, APOE,
CST3, and MMP9 (for a comprehensive review
of these genes including references, see Haddad
et al. [29]). If verified, variations in these genes
likely account for only a small fraction of AMD
susceptibility.

Fibulin5 represents an example of these genes.
Stone and colleagues found that the disruption of
a gene of the same gene family, EFEMP1 (Fibu-
lin3), is linked to Malattia leventinese/Doyne
honeycomb retinal dystrophy [74]. This disorder
is characterized by confluent drusen accumu-
lation beneath the retinal pigment epithelium
(RPE), an early hallmark of AMD. EFEMP1 is an
extracellular matrix protein. The interaction with
other extracellular matrix proteins, such as adhe-
sion molecules, collagens, elastins, fibronectins,
laminins, tenascins, hemicentins, and vitronec-
tins, suggests that an entire group of genes might
be possible candidates for involvement in drusen

Table 3.1 Candidate gene studies for age-related macular degeneration: genes with negative results to date. For

references, see Haddad et al. [29]

1 ADPRTI1, EPHX1, GLRX2, LAMCI, LamC2, LAMB3, OCLM, PRELP, RGS16, TGFB2
2 EFEMPI (Fibulin 3), GPR75, IL1A, Fibulin 2, GPX1
3 IMPG2

6 RDS

7 AhR

8 NAT2

10 CYP2E1

11 CAT, Fibulin 4, VMD2

12 A2M, MGST1

14 CKB

15 CYPIAIL CYPIA2

17 APOH, ITGB4

22 CYP2De, Fibulin 1, TIMP3



formation [74]. Later, Stone et al. systematically
evaluated five fibulin genes in a large series of
patients with AMD. They demonstrated a signifi-
cant association between sequence variations in
fibulin5 and AMD. However, missense mutations
in fibulin5 were estimated to account for only
1.7% of patients with AMD [75].

The photoreceptor cell-specific ATP-binding
cassette transporter (ABCA4) gene was identi-
fied in 1997 and found to be mutated in patients
with Stargardt’s macular dystrophy [6]. ABCA4
has been evaluated as being a possible cause of
other diseases with similar pathology in the
macula, including AMD. Two studies by Allik-
mets and co-workers have shown evidence of an
association between ABCA4 polymorphisms and
AMD [4, 5]. While other studies have provided
support [10, 69], a number of reports have failed
to confirm an association of ABCA4 with AMD
[22, 28, 43,52, 57,71, 73, 81]. The number of pa-
tients and controls included in the latter studies
appears large enough to rule out a major contri-
bution of mutant ABCA4 alleles in the predispo-
sition to AMD; however, they may not be suffi-
cient to allow minor effects to be discerned. This
makes it extremely difficult to determine the sig-
nificance of individual mutant ABCA4 alleles for

3.2 Analysis of Candidate Genes for AMD

predisposition to AMD, particularly those that
are present at very low frequency in the general
population. The phenotypic similarities between
typical juvenile Stargardt macular dystrophy and
some forms of late atrophic AMD suggest that
refined phenotyping may be of value in discern-
ing between the two conditions. Figure 3.1 shows
fundus autofluorescence images of a patient with
Stargardt’s macular dystrophy (age, 17 years) and
a patient with geographic atrophy due to AMD
(age, 71 years).

Recently, it has been shown that by means of
fundus autofluorescence imaging different phe-
notypic patterns of abnormal fundus autofluo-
rescence in the junctional zone of late atrophic
AMD can be identified [11]. Moreover, there was
a high degree of intra-individual symmetry in the
fundus autofluorescence pattern in the two eyes
in individual patients, but a high degree of inter-
individual variability, which may suggest genetic
heterogeneity. In a preliminary analysis, 7 AMD
patients exhibiting the fundus autofluorescence
pattern “diffuse-fine granular with peripheral
punctate spots” (resembling Stargardts macu-
lar dystrophy; age of onset, 50-84 years) and
14 geographic atrophy patients exhibiting other
fundus autofluorescence patterns were screened

Fig. 3.1 Fundus autofluorescence images obtained with a confocal scanning laser ophthalmoscope (cSLO; Hei-
delberg retina angiograph, HRA 2; Heidelberg Engineering, Dossenheim, Germany) according to a standard
operating procedure. Left: patient diagnosed with Stargardt’s macular dystrophy (age, 17 years). Right: patient
diagnosed with atrophic age-related macular degeneration (AMD) and a fundus autofluorescence pattern “dif-
fuse-fine granular with peripheral punctate spots” according to Bindewald et al. [11] (age: 71 years)
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for ABCA4 mutations. In the first group, all pa-
tients showed at least one mutated allele, and in
2 patients, two mutated alleles were detected. In
the control group of 14 AMD patients exhibiting
geographic atrophy, but a different pattern of ab-
normal fundus autofluorescence, only 2 patients
showed one mutated allele [19]. We suggest that
this distinct AMD phenotype exhibiting “diffuse-
fine granular with peripheral punctate spots® re-
flects genetic alterations in ABCA4 and we specu-
late that this distinct phenotype might represent
late onset Stargardt’s macular dystrophy mimick-
ing atrophic AMD. These preliminary data sug-
gest that refined phenotyping is paramount in
dissecting the role of candidate genes.

Summary for the Clinician

B AMD shares phenotypic similarities
with some of the monogenic macular
dystrophies. However, the responsible
genes underlying those dystrophies do
not appear to substantially contribute to
AMD susceptibility.

B Specifically, the role of ABCA4 is contro-
versial and, more comprehensive pheno-
typing may help to better understand the
role of these individual genes in AMD

pathology.
3.3 Linkage and Association
Studies in AMD

Over the past few years, researchers have carried
out both linkage studies and association studies
in an attempt to identify the genomic regions
containing susceptibility loci for AMD. While
linkage studies search for genetic markers that
segregate with the disease in a familial constella-
tion, association analyses identify genetic marker
alleles that either cause disease or are in strong
linkage disequilibrium (LD) with the disease-
causing alleles.

Fisher and colleagues used the genome-scan
meta-analysis (GSMA) method, which allows
linkage results from several studies to be com-
bined, providing greater power to identify re-

gions that show only weak evidence of linkage
in individual studies [18]. This method has been
successful in a number of complex diseases and
was applied to six published AMD genome-wide
linkage scans: Abecasis et al. [1], Iyengar et al.
[38], Majewski et al. [47], Schick et al. [56], Sed-
don et al. [64], and Weeks et al. [82]. For each
study, 120 genomic bins of 30 cM were defined
and ranked according to maximum evidence of
linkage within each bin. Bin ranks were weighted
according to study size and summed across all
studies. A high summed rank indicates a region
with consistent evidence of linkage across studies
(Fig. 3.2).

The strongest evidence for an AMD suscep-
tibility locus was found on chromosome 10q26
(Fig. 3.2), where genome-wide significant linkage
was observed (p=0.00025). Several other regions
met the empirical significance criteria for bins
likely to contain linked loci including adjacent
pairs of bins on chromosomes 1q, 2p, 3p, and
16. Several of the regions identified here showed
only weak evidence of linkage in the individual
studies. The analysis performed by Fisher and
colleagues may help prioritize regions for future
positional and functional candidate gene studies
in AMD.

Summary for the Clinician

B Linkage and association studies have
identified several chromosomal regions
that are likely to contain AMD suscepti-
bility loci.

B The strongest evidence of an AMD sus-
ceptibility locus was found in chromo-
somal regions 1q31 and 10q26.

3.4 Complement Factor H Gene

Several genome-wide linkage analyses and the ge-
nome-scan meta-analysis of Fisher and colleagues
had pointed to a locus on 1q25-q31 [1, 38, 41, 47,
64, 82]. Case-control studies recently identified
complement factor H (CFH) as the responsible
gene [17, 30, 31, 42]. The CFH Y402H variant, lo-
cated within a binding site for C-reactive protein
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Fig. 3.2 Results from the AMD genome-scan meta-analysis (GSMA). Summed ranks for each bin (weighted by
the square root of the number of affected individuals in each study); 95 and 99% confidence limits are shown.

From Fisher et al. Fig. 1A [18], used with permission

(CRP), has consistently been shown to reveal a
strong association with AMD [46, 72, 85].

In a population-based prospective study de-
sign with a total of 5,681 individuals, investiga-
tors of the Rotterdam Eye Study have shown that
CFH is implicated in all stages of AMD from
early hallmarks such as drusen to vision-dis-
abling late AMD [16]. The risk increased with
each successive stage to a final odds ratio of 11.0
for late AMD. It was calculated that individuals
homozygous for the CFH Y402H polymorphism
had a 48% risk of developing late AMD by the
age of 95 years while this risk did not exceed 22%
for noncarriers. Interestingly, complement factor
H was associated with both late AMD subtypes
(choroidal neovascularization [CNV] and geo-
graphic atrophy) in this study. Homozygous CFH
Y402H carriers were at higher risk of bilateral
than of unilateral late AMD, and risks of geo-
graphic atrophy and mixed AMD were slightly
but not significantly higher than of neovascular
AMD. This is in agreement with other studies
that reported higher frequencies of CFH Y402H

carriers in patients with geographic atrophy [53,
85] and one study that suggested a lower risk of
geographic atrophy for a CFH haplotype contain-
ing the nonrisk allele [30]. In a comprehensive
survey including variants from three gene loci
(CFH, LOC387715I, and C2-CFB), Maller and
co-workers did not find any association among
phenotypic subclassifications of advanced AMD
despite substantial power of detection [48].
These findings suggest that the high risk of both
subtypes of advanced AMD signifies a common
pathogenesis involving the complement system.
Complement factor H is an important regu-
lator of the complement system. Three enzyme
cascades exist: the classical complement pathway,
initiated by antigen-antibody complexes and
surface-bound CRP; the lectin pathway, insti-
gated by mannose groups of microbial carbohy-
drates; and the alternative complement pathway,
activated by surface-bound C3b. The pathways
converge at the point where C3 is cleaved into
C3a and C3b by C3 convertase, which initiates
C5 convertase, finally resulting in the formation
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of the membrane attack complex with the ter-
minal components (C5b-C9). CFH specifically
inhibits the alternative complement cascade, but
also regulates the common pathway. It binds C3b
and acts as a cofactor in the proteolysis of C3b
by factor I, resulting in an inactive C3b molecule.
This prevents the production of C3 convertase
in the alternative cascade as well as the produc-
tion of C5 convertase in the common pathway.
As a result, CFH interferes with progression of
the entire cascade [12, 50, 54, 86]. Indeed, Hage-
man and co-workers showed that CFH and C3b/
iC3b co-localize within drusen, suggesting that
these regions represent complement activating
surfaces within drusen and Bruch’s membrane
(Fig. 3.3) [12, 30].
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A recent study suggests that there may be mul-
tiple susceptibility alleles in the CFH genomic re-
gion with noncoding CFH variants possibly play-
ing a role in disease susceptibility [44]. In 544
unrelated affected individuals and 268 unrelated
controls, Li and co-workers examined the impact
of 84 polymorphisms on disease susceptibility
located in a region of 123 kb overlapping the
CFH gene. As expected, strong association was
observed between disease status and the Y402H-
encoding variant (rs1061170). Unexpectedly, 20
other variants showed even stronger associa-
tion. The strongly associated single nucleotide
polymorphisms (SNPs) fell into two LD groups
(colored in purple and green in Fig. 3.4). The
Y402H-encoding variant was included in one of

Fig. 3.3a,b Immunohistochemical co-localization of complement factor H (CFH) and C3b/iC3b within drusen.
Immunolocalization of a CFH and b C3b/iC3b, and ¢ a corresponding merged image of a and b, along the retinal
pigment epithelium (RPE)-choroid complex of an 83-year-old donor with a clinical diagnosis of atrophic AMD.
Anti-HF1 antibody labels drusen and regions of vasculature within the choroid (Cy2/fluorescein; green). Anti-
C3b/iC3b antibody reacts with distinct spherical substructural elements within drusen (arrowheads; Cy3/Texas
Red channel). The immunoreactive CFH and C3b/iC3b domains co-localize (yellow) in many instances (arrow-
heads in c), suggesting that these regions represent complement activating surfaces within drusen and in the
sub-RPE space. BM Bruch’s membrane, Dr drusen, Cap choriocapillaris. A region of nonspecific autofluorescent
RPE lipofuscin granules (LF) is bracketed (solid line; Cy3/Texas Red channel) in b. (Scale bars, 10 mm.) From
Hageman et al,, supplementary Fig. 6 [30], used with permission



the LD groups (the purple group in Fig. 3.4). The
three SNPs showing strongest association were a
synonymous SNP in exon 10, rs2274700, and two
intronic SNPs, rs1410996 and rs7535263.

The authors conclude that multiple haplo-
types in the genomic region seem to modulate
the AMD disease risk and that there are mul-
tiple disease-predisposing variants. Because the
polymorphisms showing the strongest associa-
tion with AMD susceptibility appear not to affect
the primary CFH protein sequence, the authors
speculate that these variants may be important
in regulating the expression of CFH, or other
nearby complement genes, or both [44].

The region that includes the CFH gene clus-
ter also contains numerous CFH-like genes (e.g.,
CFHRI, CFHR2, CFHR3, CFHR4, and CFHR5),
which reveal high sequence conservation, mak-
ing any analysis difficult. Hughes and colleagues

3.4 Complement Factor H Gene

genotyped polymorphisms spanning the CFH
gene cluster in 173 individuals with severe neo-
vascular AMD and 170 controls and found a
common haplotype, GTATAAAG, associated
with decreased risk of AMD, which was present
on 8% of chromosomes in AMD patients and
20% of chromosomes in controls (Fig. 3.5).

They found that this haplotype carried a dele-
tion of CFHRI and CFHR3. Protein blot analy-
sis of serum samples from individuals homozy-
gous for each haplotype confirmed the absence
of CFHR1 and CFHR3 protein in haplotype 5
homozygotes. CFHR1 and CFHR3 proteins are
usually present in the circulation and have the
potential to compete with CFH for C3 binding.
Possibly, CFH produced from full-length tran-
scripts is beneficial in terms of AMD risk and
other CFH-related proteins interfere with regu-
lation of complement activity [36].

CFH 5
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Fig. 3.4 P values for single SNP (single nucleotide polymorphism) association, when comparing unrelated affect-

ed individuals (cases) and controls. The dotted horizon

tal line is ~1og10(P) of the original Y402H variant (circled

in blue). Strongly associated SNPs fall into one of two linkage disequilibrium (LD) groups (SNPs in one of these
groups are colored in green; SNPs in the other group are colored in purple; SNPs outside either group are in black).
SNPs selected from the stepwise haplotype association analysis are circled in red. Linkage disequilibrium across
the CFH region is shown below, plotted as pairwise r2 values. From Li et al. Fig. 1 [44], used with permission
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Fig. 3.5a,b Haplotype block structure in CFH and CFH-related genes. a Duplicated regions that share orienta-
tion and greater than 96% homology are shown below the genomic structure of genes. The haplotype block struc-
ture of markers is shown in blue. b Haplotypes of SNPs are shown in blocks with overall frequencies (in affected
individuals and controls) and connections from one block to the next. In the crossing areas, a value of multiallelic
D’ is shown. This reflects the level of recombination between two adjacent blocks. The black box outlines the pro-

tective haplotype 5 in this block. From Hughes et al., Fig.

It has long been known that the prevalence of
AMD varies widely among different ethnicities
[20, 27, 35, 49, 51, 80]. Moreover, the phenotypic
spectrum of AMD among these groups is quite
heterogeneous [8, 45, 55, 68, 78]. For example,
in the Japanese, soft drusen are only a moder-
ate risk indicator (18%) for developing CNV
compared with Caucasians, whereas serous pig-
ment epithelial detachments are a very common
high risk indicator (58%) for developing CNV
in Japanese patients [78]. To explore the ethnic
variation of the frequency of the CFH Y402H se-
quence variant, Grassi and co-workers analyzed
the frequency of the risk (C) allele in populations
from five different ethnicities. Widely divergent
frequencies were noted between some of these
populations (7-35%; Table 3.2).

These data suggest that there are other as yet
unidentified genetic factors important in the
pathogenesis of AMD. These factors may operate

1 [36], used with permission

independently or mitigate the effects of the CFH
Y402H sequence variant. Specifically, the find-
ings suggest the presence of additional genetic
risk factors for AMD in Japanese individuals.

Summary for the Clinician

B Variants in the CFH gene at 1q31 have
been shown by several independent stud-
ies to be associated with a significantly
increased risk of AMD in the Caucasian
population.

B These findings imply that the innate
immune system might be implicated in
AMD pathogenesis.

B The findings may not simply be trans-
ferable to other, non-Caucasian popula-
tions.




3.5 LOC387715

Table 3.2 Prevalence of the histidine alteration in five different populations of different ethnicities. Values are
frequency (standard error) [26]

Caucasian African-American
@ 0.34 (0.03) 0.35 (0.04)
T 0.66 (0.03) 0.65 (0.04)
CC 0.07 (0.02) 0.11 (0.03)
cr 0.54 (0.04) 0.48 (0.06)
TT 0.39 (0.04) 0.41 (0.06)
Total patients 148 75

3.5 LOC387715

Two recent reports have highlighted the
LOC387715/HTRAI locus within 10g26 as a
second major locus contributing to AMD patho-
genesis [39, 53]. Rivera and co-workers found the
strongest association over the LOC387715 gene
conferring a 7.6-fold increased risk for individu-
als homozygous for a nonsynonymous coding
SNP, Ala69Ser. These findings were fully repli-
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Hispanic Japanese

0.17 (0.03) 0.07 (0.02) 0.34 (0.03)
0.83 (0.03) 0.93 (0.02) 0.66 (0.03)
0.05 (0.02) 0.02 (0.02) 0.07 (0.02)
0.25 (0.05) 0.09 (0.03) 0.55 (0.04)
0.70 (0.05) 0.89 (0.03) 0.38 (0.04)
81 82 128

cated in an independent case—control cohort.
Furthermore, Rivera et al. replicated the strong
association of AMD with the Y402H coding vari-
ant of CFH. The results indicated the indepen-
dent contribution of the effects of risk alleles at
the LOC387715 (Ala69Ser) and CFH (Tyr402His)
gene locus to the overall disease risk (Fig. 3.6).
Very recently, the findings have been indepen-
dently replicated by others [13, 48, 58, 67].

Fig. 3.6 Two-locus
genotype-specific disease
risks for the two variants:
LOC387715 (A69S) and
CFH (Y402H). according
to Rivera et al. [53]

LOC387715: TT

LOC387715: GT

LOC387715: GG

CFH: CC
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Patient groups of early high-risk AMD and
late AMD were not different with regard to risk
allele distribution in LOC387715. This was also
true for geographic atrophy and neovascular
AMD. So far, it is unknown whether risk alleles at
LOC387715 and/or CFH correlate with severity
stage of AMD with a clinical outcome measure
that would be a target of therapeutic interven-
tion. Based on longitudinal data of serial fundus
autofluorescence images from patients with late
atrophic AMD, it has become feasible to deter-
mine the progression of geographic atrophy in
individual patients (Fig. 3.7) [33, 59].

This progression rate represents both a bio-
logically based quantitative phenotype of late
AMD and the most relevant target for future
treatment strategy. In a preliminary analysis,
we determined whether the risk alleles of both
CFH and LOC387715 are correlated with the
progression of geographic atrophy in 207 AMD
patients with geographic atrophy (with no signs
of CNV). We found that the risk allele distribu-
tion of Y402H in CFH and A69S in LOC387715
for patients with geographic atrophy is similar
to those previously reported for pooled AMD
samples. However, no correlation was found be-
tween the rate of progression of geographic atro-
phy and CFH and/or LOC387715 genotype [60].
These data suggest that both genes contribute to
the increased risk of advanced AMD largely or
entirely through their impact on early disease
events (such as drusen and/or other RPE/Bruch’s
membrane changes). This may have implications
for therapeutic interventions in patients with late
AMD, because the attempt to modify the respec-
tive gene products may not be promising [60].

Summary for the Clinician

B The LOC387715/HTRAI locus within
10926 has been identified as a second
major locus contributing to AMD patho-
genesis.

B The two late forms of AMD, CNV and
geographic atrophy, have not been found
to be different in risk allele distribution.

B Variants within CFH and LOC387715
may contribute to the increased risk
of advanced AMD largely or entirely
through their impact on precursors,
such as drusen and/or other RPE/Bruch’s

membrane changes.

3.6 Factor B

A recent study has demonstrated that a candidate
gene approach can be successful given the pre-
existing knowledge that the complement system
plays a significant role in AMD pathogenesis. In
this study, Gold and colleagues reported an asso-
ciation with two other genes that encode regula-
tory proteins, which act along the same biological
pathway as CFH [24]. These two genes are fac-
tor B (BF) and complement component 2 (C2),
located 500 bp apart on chromosome 6p within
the major histocompatibility complex class III
region. The reported association was found in
a sample of 898 patients with various forms of
AMD and 389 controls. There was a common
risk haplotype across BF and C2 (OR, 1.32), as
well as two protective haplotypes (OR, 0.36, and

Fig. 3.7 Fundus autofluorescence images obtained in 12-month intervals in an AMD patient with a ¢cSLO (Hei-
delberg retina angiograph, HRA classic and HRA 2; Heidelberg Engineering, Dossenheim, Germany). A large
kidney-shaped area of geographic atrophy (GA) was present at baseline (leff) corresponding to decreased fundus
autofluorescence (dark area). Recovered in yearly intervals, the area of the central atrophic area increased [33]



0.45 respectively) [24]. These data were indepen-
dently replicated [48].

Backing the statistical data, BF and C2 expres-
sion was found in the neural retina, RPE, and
choroid. BF protein was present in ocular drusen
and Bruch’s membrane, and less prominently in
the choroidal stroma. The distribution of BF was
similar to that of C3, both of which are similar to
that of CFH and C5b-9 [24].

3.7 Gene-Gene

and Gene-Environment
Interaction in AMD

In a comprehensive survey of variants at CFH,
LOC387715, and C2-BF in 2,172 unrelated indi-
viduals (1,238 affected individuals and 934 con-
trols), Maller and co-workers developed a risk
model for AMD based on five validated common
variants. In contrast to the modest elevation in
overall risk to siblings (two- to six-fold [32, 40,
62]), the predictive value of specific genotype

Number of risk
alleles present

at rs1410996 \

His402
homozygote

G+

His402
heterozygote

Tyr402
homozygote

CFH

- heterozygote

3.6 FactorB

combinations was notable. For example, approxi-
mately 10% of the population are at a 40-fold
greater risk and 1% (high-risk homozygotes at
all three loci) are at a more than 250-fold greater
risk compared with the baseline risk, which is
observed in individuals carrying the lowest risk
genotypes at all three loci (approximately 2% of
the population; Fig. 3.8) [48].

When evaluating the role of gene-gene inter-
action (epistasis) among the five common vari-
ants at the three loci (CFH, LOC387715, and
C2-BF), statistically significant nonadditive in-
teractions were not found, despite excellent pow-
ers of detecting epistasis. Specifically, a model in
which the risk alleles at the three gene loci act
independently (individual risks are multiplied
to generate a combined risk profile) provided
a better fit of the observed data than the same
model with the inclusion of interlocus interfer-
ence [48]. Similarly, the study of Rivera et al. had
indicated that the two risk alleles, CFH Y402H
and LOC387715 A69S, independently contrib-
ute to disease risk. Fitting an interaction model

7 1.000

100

Relative
risk

c2-Cr8

Protective (rare)

f,dff'“ allele present

Ser69
homozygote

Ser69

Ala69

homozygote LOC387715

Fig. 3.8 Relative risk plotted as a function of the genetic load of the five variants that influence risk of AMD. Two
variants are in CFH: Y402H and rs1410996. Another common variant (A69S) is LOC387715. Two relatively rare
variants are observed in the C2 and factor B (BF) genes. From Maller et al., Fig. 1 [48], used with permission
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between CFH and LOC387715, no evidence of
epistasis was found [53]. Conley et al. also found
an independent multiplicative effect of CFH and
LOC387715 without significant interaction in
two independent cohorts [13].

Several environmental factors have been iden-
tified over the past decade including cigarette
smoking [61, 70, 76, 77], higher body mass index
(BMI) [2, 63], and nutritional factors [3, 79], with
smoking being the most consistent in several
population-based studies worldwide [70, 77].
So far, however, there are inconclusive data on
gene—environment interactions. In an extended
collection of 848 AMD cases, Rivera et al. [53]
did not detect any significant differences in risk
allele frequency for either CFH or LOC387715
between smokers and nonsmokers, despite sub-
stantial power, whereas Schmidt and co-workers
observed significant evidence of a statistical in-
teraction between the LOC387715 A69S variant
and a history of cigarette smoking [58]. Despriet
and colleagues found that the combined effect of
homozygosity for the Y402H variant in CFH and
smoking exceeds the sum of the independent ef-
fects. Compared with no exposure, smoking in-
creased the risk of AMD 3.3-fold, the presence
of two CFH Y402H risk alleles increased the risk
12.5-fold, while the combination of both deter-
minants increased this risk 34-fold [16]. In con-
trast, Conley and co-workers did not find any
significant interaction of risk allele distribution
in CFH or LOC3897715 and cigarette smoking
[13]. Similarly, Seddon and co-workers found
no statistically significant interaction between
CFH genotype and cigarette smoking, but the
susceptibility to advanced AMD was modified
by the body mass index (BMI). Compared with
lean individuals with the CFH TT genotype, an
increased risk of AMD among these lean indi-
viduals with BMI lower than 25 was found only
for the CC homozygotes. For heavier persons
with BMI greater than 25, the risk varied from a
nonsignificant null or slightly protective associa-
tion for the TT genotype, to a moderately high
2.2-fold increased risk for the heterozygotes,
and a very high 5.9-fold increased risk for the
CC homozygote state. This interaction between
BMI and the genotype-related risk of advanced
AMD was statistically significant for the CT vs.
TT genotype [66].

Summary for the Clinician

m Consideringvariantsat CFH,LOC387715,
and C2-BF, approximately 10% of the
population are at a 40-fold greater risk
and 1% are at a >250-fold greater risk of
AMD compared with baseline.

B So far, gene-gene interaction has not
been detected.

B Data on gene-environment interaction
are inconclusive so far.

3.8 Conclusions

Genetic studies have convincingly demonstrated
that there are common alleles that have a sub-
stantial effect on AMD pathogenesis at at least
two independent gene loci.

The finding of such common alleles with
substantial effect makes predictive DNA test-
ing a tempting option, although the biological
consequences of the common risk alleles at the
respective gene loci are not yet understood. Con-
sequently, the knowledge of being a carrier of
risk alleles is currently not matched by adequate
options for preventive strategies or possible treat-
ment modalities.

The finding that variants at CFH and factor B
are responsible for a large fraction of AMD cases
(at least in Caucasians) suggests the importance
of the alternative complement pathway in the
pathobiology of AMD and further strengthens
the notion that inflammation plays a major role
in this common disease [24].

So far, the identification of genetic factors
has not yet resulted in therapeutic strategies to
modify the disease. The data on gene-environ-
ment interactions are inconclusive and gene-
gene interactions have not been observed despite
the substantial statistical power of the respective
studies. Other genetic factors are most likely yet
to be discovered. These, in combination with
environmental variables, will further stratify
individual risk more accurately. A correlation
between the common genetic risk variants and
clinical outcome measures (e.g., the progression
of geographic atrophy) has not been observed.
The role of rare variants is still obscure. Espe-




cially for the latter, refined phenotyping may be
paramount.
Strategies to elucidate the genetic influence on
AMD may include:
1. The search for additional susceptibility genes
2. The examination of the biological role of the
known common variants (especially CFH and
LOC387715)
3. The investigation of the gene-environment
and gene-gene interactions
. The identification of modifying genes

>~

To achieve these goals, large cohorts of phe-
notypically well-characterized subcategories will
be needed. Biologically-based quantitative phe-
notyping is required to increase the power of
linkage and association studies. Because AMD is
a complex disease, individual gene effects might
only be detected within subgroups of patients
with specific environmental exposures. Environ-
mental factors for stratification include cigarette
smoking and BMI. Also, a given gene variant
might only result in a detectable phenotype when
acting in combination with additional suscepti-
bility alleles, either additively or multiplicatively.
Additional work exploring these types of interac-
tions should bring us closer to all the genes influ-
encing the onset and progression of AMD.
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Chapter 4

Todd R. Klesert, Jennifer I. Lim

Core Messages

B VEGEF (vascular endothelial growth fac-
tor) is a key central mediator of choroidal
neovascularization (CNV).

B VEGF is also a potent mediator of vascu-
lar permeability.

B VEGEF acts as both a mitogen and sur-
vival factor for vascular endothelial cells,
and its expression is regulated by tissue
oxygen tension.

B VEGEF acts through three tyrosine kinase
receptors: VEGFR-1, VEGFR-2, and
VEGFR-3.

B The only two anti-VEGF agents current-
ly approved by the FDA for treatment of
CNV are pegaptanib (Macugen) and ra-
nibizumab (Lucentis).

B Pegaptanib is an aptamer (short oligo-
nucleotide) that specifically binds and
inhibits the action of the VEGF-165 iso-
form.

B Ranibizumab is a fragment of a hu-
manized monoclonal antibody directed
against all VEGF isoforms, including ac-
tive breakdown products, and is a potent
inhibitor of CNV.

B Bevacizumab is a full-sized humanized
monoclonal antibody directed against
VEGE and is approved by the FDA for
treatment of colon cancer. Bevacizumab
is used widely oft-label for the treatment
of CNV.

B The efficacy and safety of bevacizumab
for the treatment of CNV have been
demonstrated in several small case se-
ries, but have not yet been confirmed in
a large, randomized, controlled clinical
trial

B Several new pharmacologic approaches
to VEGF inhibition are currently in de-
velopment, and may provide additional
treatment options in the future.

4.1 Basic Science

4.1.1 Historical Perspective

In 1948, Michaelson [32] was the first to postu-
late that a diffusible factor produced by the retina
(“factor X”) was responsible for retinal and iris
neovascularization associated with conditions
such as proliferative diabetic retinopathy and
central retinal vein occlusion. In 1968, experi-
ments showed that neovascularization in a host

could be stimulated by transplanted tumor cells,
even when those cells were separated from the
host by a Millipore filter, thus confirming the
presence of endogenous, soluble, pro-angiogenic
factors [11, 17].

Because of its dual physiologic properties,
vascular endothelial growth factor (VEGF) was
discovered independently through two separate
lines of research. In 1983, Senger et al. [44] iden-
tified a protein that could induce vascular leakage
in skin. They named this protein “tumor vascular
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permeability factor” or VPE. In 1989, Ferrara and
Henzel [13] isolated a diffusible protein from
bovine pituitary follicular cells that showed cell-
specific mitogenic activity for vascular endothe-
lium. They named this protein vascular endothe-
lial growth factor (VEGF). Cloning of the cDNAs
for both VPF and VEGF in 1989 demonstrated
that the two molecules were in fact one —and the
same [22, 26].

Evidence suggesting that VPF/VEGF might
be Michaelson’s long sought “factor X” first came
in 1992 [48], when VEGF mRNA expression was
found to be inducible in cell culture by hypoxia.
Miller et al. [34] then demonstrated that aque-
ous VEGF levels correlated with the degree of
neovascularization in a primate vein occlusion
model, and that VEGF mRNA levels were upreg-
ulated in ischemic retina in these animals. In a
study of 210 patients undergoing ocular surgery,
Aiello et al. [2] confirmed that VEGF levels in
ocular fluid correlated with neovascularization
secondary to diabetic retinopathy and ischemic
vein occlusion. The role for VEGF in CNV was
confirmed soon after [25, 52].

4.1.2 VEGF Isoforms

Since the initial discovery of the VEGF/VPF gene
(now known as VEGF-A), several additional
closely related genes have been identified, includ-
ing VEGF-B, VEGF-C, VEGF-D, and PIGF (pla-
cental growth factor). However, the role of these
genes in angiogenesis appears to be more limited.
It is VEGF-A signaling that represents the critical
rate-limiting step in both normal and pathologic
angiogenesis [21].

The human VEGF-A gene, located on chro-
mosome 6p21.3, consists of eight exons and seven
introns. Alternative splicing produces mRNA
transcripts that code for at least six different pro-
tein isoforms: 121, 145, 165, 183, 189, and 206
amino acids in length [41]. These different iso-
forms vary in their affinity for heparin binding,
and therefore in their affinity for the extracellular
matrix. The larger isoforms, such as VEGF-189
and VEGF-206, bind heparin with high affin-
ity, and are therefore almost completely seques-
tered in the extracellular matrix. The smaller
isoform, VEGF-121, does not bind heparin and
is freely diffusible. VEGF-165 lies somewhere

in the middle. Because the heparin-binding do-
main appears to be critical for mitogenic activity
[23], VEGF-165 is thought to represent the best
compromise between bioavailability and biologic
potency. Indeed, VEGF-165 is the predominant
isoform and the primary mediator of neovascu-
larization in the eye [12].

All VEGF isoforms contain a plasmin cleav-
age site. Cleavage at this site creates a freely-dif-
fusible, 110-kD, bioactive form of VEGF (VEGEF-
110). Plasmin-mediated extracellular proteolysis
may therefore be an important regulator of VEGF
bioavailability [23].

4.1.3 VEGF Expression

The primary trigger of VEGF-A gene expression
in the eye is hypoxia [27, 28]. Like the erythro-
poietin gene, the VEGF-A gene contains a 5’ en-
hancer sequence that binds to hypoxia-inducible
factor 1 (HIF-1). HIF-1, a basic helix-loop-helix
transcription factor, is a key player in hypoxic
responses in the cell [12], and is the primary
mediator of hypoxia-induced gene expression of
VEGF-A.

4.1.4 VEGF Receptors

VEGEF binds to three closely related receptor ty-
rosine kinases, VEGFR-1, VEGFR-2, and VEGF-
3. VEGFR-1 (also known as Flt-1) was the first
VEGF receptor to be identified [9], but its role
remains incompletely understood. VEGFR-1 is
the highest affinity receptor of the three, and its
main function may be to act during embryonal
development as a “decoy” by sequestering VEGE,
thereby preventing the activation of VEGFR-2
[12]. In adults, VEGFR-3 is expressed only in
lymphatic endothelial cells and appears to play a
key role in lymphangiogenesis [20].

VEGFR-2 (also known as Flk-1 or KDR) is
the primary mediator of the pathologic effects
of VEGEF in the eye. Binding of VEGF ligand to
VEGEFR-2 results in dimerization and autophos-
phorylation of the receptor, followed by phos-
phorylation of numerous proteins involved in
cellular signal transduction, such as phospholi-
pase C, PI3-kinase, ras GTPase activating pro-
tein, and src family proteins [12].



All three receptors are necessary for proper
mammalian development. Mice with null mu-
tations for any of the receptors die in utero be-
tween days 8.5 and 9.5 [10, 15, 46]. These mouse
knock-out models also suggest the possible role
of VEGF in hematopoiesis.

4.1.5 VEGF Activity

VEGEF exerts multiple effects on endothelial cells,
relating to its function as a pro-angiogenic fac-
tor. These include stimulation of cell prolifera-
tion, invasion, migration, and enhancement of
cell survival. The mitogenic properties of VEGF
are mediated through the protein C and MAP
kinase pathways. Endothelial cell survival is me-
diated by the PI3 kinase/Akt pathway, as well as
by upregulation of anti-apoptotic proteins such
as Bcl-2, Al, and XIAP. Invasion and migration
are mediated through upregulation of integrin
expression, alteration of the cytoskeleton, and
induction of metalloproteinases [12, 19].

Of particular importance in the pathogenesis
of CNV is the potent effect VEGF has on vascular
permeability. Vascular leakage is thought to facil-
itate angiogenesis because the leakage of plasma
proteins and fibrin creates a gel-like environment
conducive to endothelial cell growth and migra-
tion. Increased permeability is a result of both va-
sodilation and an uncoupling of endothelial tight
junctions. Increased vascular permeability seems
to be mediated, at least in part, via the nitrous
oxide synthase (NOS) pathway [51], which may
explain why hypertension has been observed in
some patients treated with VEGF inhibitors.

4.2 Current Anti-VEGF Therapies

4.2.1 Aptamers: Pegaptanib
Sodium (Macugen)

Approved by the FDA in 2004, pegaptanib
(Macugen; OSI/Eyetech Pharmaceuticals, New
York, NY, USA) is the first anti-VEGF agent
with proven efficacy for the treatment of CNV
secondary to age-related macular degeneration.
Pegaptanib is an aptamer, a short single-stranded
oligonucleotide sequence that functions as a high
affinity inhibitor of a specific protein target. Ap-

4.1 Basic Science

tamers are created by a form of in vitro evolution
called SELEX (systematic evolution of ligands by
exponential enrichment) [36].

Pegaptanib is a 28-base RNA oligonucleo-
tide that is covalently linked to two 20-kD poly-
ethylene glycol moieties to extend the half-life.
Pegaptanib selectively binds to the heparin-bind-
ing domain of VEGF165 and larger isoforms,
preventing ligand receptor binding. The smaller
VEGF isoforms and proteolytic fragments are
therefore not inhibited by pegaptanib [36].

The safety and efficacy of pegaptanib for the
treatment of neovascular age-related macular
degeneration was established through the VEGF
Inhibition Study in Ocular Neovascularization
(VISION) [16]. VISION consisted of two phase
III prospective, multicenter, randomized, con-
trolled, double-masked trials comparing intravit-
real injection of pegaptanib every 6 weeks with
sham injection. Patients (1,186 in total) were
randomized to receive pegaptanib (at a dose of
0.3 mg, 1.0 mg, or 3.0 mg) or sham injection, ev-
ery 6 weeks for a total of 54 weeks. The primary
endpoint of the study was the number of patients
losing less than 15 letters of ETDRS (Early Treat-
ment Diabetic Retinopathy Study) visual acuity
at 54 weeks. The study enrolled patients with all
choroidal neovascular lesion subtypes up to and
including 12 disc areas in size, and permitted
use of concomitant photodynamic therapy with
verteporfin (Visudyne) at the physician’s discre-
tion. Twenty-five percent of the patients in the
study also received photodynamic therapy dur-
ing the study period.

In the pooled analysis, efficacy was demon-
strated for all three doses, without a dose-re-
sponse relationship, with 70% of pegaptanib-
treated patients losing less than 15 letters,
compared with 55% of sham-treated control
patients. More pegaptanib-treated patients
maintained their visual acuity or gained visual
acuity (33%) at 54 weeks than sham-treated
controls (23%). In addition, the sham-treated
group was twice as likely to experience severe
vision loss (=30 letters) during the study period
than pegaptanib-treated patients. However, only
6% of pegaptanib-treated patients in the study
gained 215 letters at 54 weeks (compared with
2% of sham-treated controls), and as a group, the
pegaptanib-treated patients lost an average of 8
letters over the study period (compared with 15

55



56

Anti-VEGF Treatment for Age-Related Macular Degeneration

letters in the sham-treated group). Adverse ocular
events in the VISION trial resulted in severe vi-
sion loss in 0.1% of patients. These adverse events
included endophthalmitis (1.3%), traumatic lens
injury (0.6%), and retinal detachment (0.6%). No
increase in the rate of serious systemic adverse
events was noted in the pegaptanib-treated pa-
tients.

For year 2 of the VISION study, patients were
re-randomized to the treatment and sham arms
[8]. The results indicated that those patients con-
tinuing with pegaptanib treatment for a second
year did better than those reassigned to the sham
control arm at 54 weeks, and better than those
assigned to the control arm for the entire 2 years.
The percentage of pegaptanib-treated patients
who progressed to vision loss of >15 letters (from
baseline) during the second year of treatment
was half (7%) that of those reassigned to the con-
trol group at 54 weeks (14%), and those who con-
tinued in the control group for the second year
(14%). Of note, however, patients who had bene-
fited from their year 1 treatment assignment (de-
fined as vision loss of >0 letters from baseline),
and who subsequently lost >10 letters of vision
after re-randomization at 54 weeks, were allowed
to receive “salvage therapy” (a reassignment back
to their original year 1 treatment arm)

Studies with pegaptanib are ongoing. The
VERITAS study is a phase III prospective, mul-
ticenter, randomized, double-masked trial com-
paring photodynamic therapy combined with
one of two doses of intravitreal triamcinolone
(1 mg or 4 mg) versus photodynamic therapy
combined with 0.3 mg of intravitreal pegaptanib.
Approximately 100 patients have been enrolled,
including cases of all choroidal neovascular le-
sion subtypes (Kaiser et al., abstract, Retina Soci-
ety Meeting, Cape Town, South Africa, October
2006).

Studies are also ongoing at OSI/Eyetech to cre-
ate a sustained-release form of pegaptanib, with
the goal of reducing the frequency of intravitreal
injections required for treatment, and thereby
reducing the risk of serious adverse events as-
sociated with intravitreal injections, such as en-
dophthalmitis and retinal detachment. Prelimi-
nary animal work with poly(lactic-co-glycolic)
acid (PLGA)-based microsphere encapsulation
suggests that sustained-release of pegaptanib for
more than 6 months is possible after a single in-

travitreal injection (Adamis et al., abstract, Ret-
ina Society Meeting, Cape Town, South Africa,
October 2006).

4.2.2 Monoclonal Antibodies:
Ranibizumab (Lucentis)

In June 2006, ranibizumab (Lucentis; Genentech,
South San Francisco, CA, USA) became the sec-
ond VEGF inhibitor approved by the FDA for
use in the treatment of CNV secondary to age-
related macular degeneration. Ranibizumab is a
humanized, affinity-maturated Fab fragment of
a murine monoclonal antibody directed against
human VEGF-A. Ranibizumab is a potent, non-
selective inhibitor of all VEGF-A isoforms and
bioactive proteolytic products. Ranibizumab
was created from a full-sized antibody (bevaci-
zumab - see Sect. 4.2.3) developed previously as
an anti-cancer agent. It was felt that a full-sized
antibody would be unable to penetrate efficiently
to the inner retina and choroid, as suggested by
a histologic study of the herceptin antibody [35].
More recent histologic analysis of bevacizumab
in rabbits by Shahar et al. [45], however, suggests
that the full-length antibody actually penetrates
all layers of the retina quite effectively. Because
ranibizumab is missing the Fc region, it is also
felt that the molecule will be less likely to incite
an immune response, as it can no longer bind to
complement C1q or Fc gamma receptors [21].
Efficacy and safety of ranibizumab has thus
far been established through two large prospec-
tive, multicenter, randomized, double-masked,
controlled clinical trials: MARINA [43] and
ANCHOR [7]. MARINA stands for Minimally
Classic/Occult Trial of Anti-VEGF Antibody
Ranibizumab in the Treatment of Neovascular
Age-Related Macular Degeneration. As the name
implies, the MARINA trial was limited to pa-
tients with subfoveal occult or minimally classic
CNYV, either primary or recurrent, with evidence
of recent disease progression. Seven hundred and
sixteen patients were randomized 1:1:1 to receive
monthly intravitreal injections of ranibizumab
(either 0.3 mg or 0.5 mg) or sham injections. The
primary outcome measure was the proportion
of patients losing less than 15 letters of ETDRS
visual acuity at 12 months; 94.5% of patients as-
signed to the 0.3-mg group and 94.6% of patients



assigned to the 0.5-mg ranibizumab treatment
arms, compared with 62.2% in the sham treat-
ment arm, met this endpoint. The percentage of
patients gaining 15 or more letters of visual acu-
ity by month 12 was likewise higher in the ra-
nibizumab treatment arms: 24.8% in the 0.3-mg
group and 33.8% in the 0.5-mg group, compared
with 5.0% in the sham-treated group. Mean vi-
sual acuity at month 12 increased by 6.5 letters
in the 0.3-mg group and 7.2 letters in the 0.5-mg
group. In contrast, mean visual acuity dropped by
10.4 letters in the sham-treated group. In general,
vision gains were maintained throughout year
2 of the MARINA trial in ranibizumab-treated
patients, whereas vision continued to decline in
the sham-treated patients, to a mean loss of 14.9
letters.

Measurement of choroidal neovascular lesions
during the course of the study demonstrated that
while lesion size on average remained stable in
the ranibizumab-treated patients, lesion size
increased by about 50% by the end of year 1 in
the sham-treated patients. Moreover, the area of
measured leakage in the lesions of ranibizumab-
treated patients decreased on average by approxi-
mately half at 1 year, while the leakage area in-
creased in the sham-treated patients.

Adverse ocular events in ranibizumab-treated
patients in the MARINA trial over 24 months
included presumed endophthalmitis in 1.0% of
patients and serious uveitis in 1.3% of patients.
No retinal detachments were observed in the
ranibizumab-treated patients, although retinal
tears were identified in 2 patients (0.4%). Lens
damage as a result of intravitreal injection was
seen in 1 patient (0.2%). No statistically signifi-
cant difference in serious systemic adverse events
was observed between the treatment and control
arms of the study.

The ANCHOR trial—short for Anti-VEGF
Antibody for the Treatment of Predominantly
Classic Choroidal Neovascularization in AMD—
has likewise demonstrated the efficacy of ranibi-
zumab for the treatment of predominantly classic
choroidal neovascular lesions secondary to age-
related macular degeneration. ANCHOR was
designed as a head-to-head comparison between
ranibizumab and photodynamic therapy (PDT)
with verteporfin (Visudyne), which until recently
had been the standard of care for subfoveal CNV.
Four hundred and twenty-three patients were
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randomized 1:1:1 to receive monthly intravitreal
injections with ranibizumab 0.3 mg and sham
PDT, ranibizumab 0.5 mg with sham PDT or
monthly sham injections plus active verteporfin
PDT. As in the MARINA trial, the primary end-
point in ANCHOR was the number of patients
losing fewer than 15 letters of baseline visual
acuity at 12 months; 94.3% of the patients receiv-
ing 0.3 mg ranibizumab and 96.4% of patients
receiving 0.5 mg ranibizumab versus 64.3% in
the verteporfin group achieved the primary end-
point. The percentages of patients experiencing
an improvement over baseline visual acuity of at
least 15 letters were 35.7% and 40.3% respectively
in the ranibizumab-treated patients, versus only
5.6% in the verteporfin-treated patients. Mean
visual acuity at month 12 increased by 8.5 letters
in the 0.3-mg group and 11.3 letters in the 0.5-
mg ranibizumab group. In contrast, mean visual
acuity dropped by 9.5 letters in the verteporfin
PDT group.

Measurement of choroidal neovascular le-
sions throughout the ANCHOR study revealed
positive morphologic effects similar to those ob-
served in the MARINA study. In general, average
total lesion size remained relatively stable in the
ranibizumab-treated patients over 1 year, while
increasing significantly in the verteporfin-treated
patients. Moreover, the average total area of leak-
age and the average total area of classic leakage
both decreased significantly at 1 year in the ra-
nibizumab-treated patients, while they increased
in the verteporfin-treated group.

Serious adverse ocular events in ranibizumab-
treated patients in the ANCHOR trial over
12 months included presumed endophthalmitis
in 0.7% of patients and serious uveitis in 0.4%
of patients. One case of retinal detachment was
observed in the ranibizumab-treated patients
(0.4%), as was 1 case of vitreous hemorrhage
(0.4%). Lens damage as a result of intravitreal
injection was not observed. Mild post-injection
inflammation was the most common adverse
event observed in the ANCHOR trial, occurring
in 12% of patients. No statistically significant dif-
ference in serious system adverse events was ob-
served between the ranibizumab and verteporfin
arms of the study.

Several additional clinical trials of ranibi-
zumab are ongoing at this time. The PIER study
is a Phase IIIb, prospective, multicenter, random-
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ized, double-masked, controlled study of 184 pa-
tients with predominantly classic or occult CNV
randomized to receive ranibizumab or sham in-
jections monthly for the first 3 months, followed
by once every 3 months for a total of 24 months.
The purpose of PIER is to help determine the
optimal dosing schedule for ranibizumab. The
1-year results of the PIER study showed that
83% (0.3 mg) and 90% (0.5 mg) of ranibizumab-
treated eyes lost less than 15 letters of visual acu-
ity, compared with 49% of sham eyes. However,
the percentage of eyes improving by 15 or more
letters was only 12% (0.3 mg) and 13% (0.5 mg)
in ranibizumab-treated eyes, compared with 10%
of sham eyes (reported at the Retinal Physician
Symposium, Bahamas, June 2006).

PRONTO is a 2-year, single site, open-label,
uncontrolled study of 40 patients designed to
evaluate the durability of response of ranibi-
zumab and whether optical coherence tomo-
graphy (OCT) can be used to guide treatment of
neovascular AMD. As in the PIER study, patients
receive monthly injections of ranibizumab for
the first 3 months. Thereafter, the patient is as-
sessed monthly by OCT, and every 3 months by
fluorescein angiography. Patients are given ad-
ditional ranibizumab injections only if central
OCT thickness increases by >100 um, if visual
acuity declines by 5 or more letters associated
with evidence of fluid on OCT, if there is new on-
set classic neovascularization, or if new macular
hemorrhage is present. Preliminary visual acu-
ity results through 1 year (Fung et al., abstract,
Retina Society Meeting, Cape Town Oct. 2006)
are thus far roughly comparable to visual acuity
outcomes in the MARINA and ANCHOR trials.
The PIER and PRONTO studies will help deter-
mine whether treatment with ranibizumab must
be continued on a monthly basis, or whether less
frequent dosing regimens can be utilized.

The FOCUS study [18] is a 2-year, phase I/I1,
multicenter, randomized, single-masked, con-
trolled study of 162 patients with predominantly
classic CNV. FOCUS is designed to compare the
safety and efficacy of intravitreal ranibizumab
(0.5 mg) combined with verteporfin PDT versus
verteporfin PDT alone (combined with sham in-
jection). Preliminary results at 12 months showed
that 90.5% of patients treated with the combina-
tion of verteporfin PDT and ranibizumab lost

fewer than 15 letters from baseline visual acuity,
compared with 67.9% of control patients treated
with verteporfin PDT alone. Adverse events in
the ranibizumab-treated patients included intra-
ocular inflammation in 11.4% and endophthal-
mitis in 1.9% (4.8% if presumed cases were in-
cluded). Notably, ranibizumab-treated patients
experiencing intraocular inflammation still had
better visual acuity outcomes at 12 months than
the control patients.

4.2.3 Monoclonal Antibodies:
Bevacizumab (Avastin)

Bevacizumab (Avastin; Genentech) is a full-
length humanized murine monoclonal antibody
directed against human VEGF-A, and thus a
closely-related drug to ranibizumab. It was ap-
proved by theFDA in 2004 for the intravenous
treatment of metastatic colorectal cancer. Its po-
tential for the treatment of CNV was first tested
by Michels et al. [33] via intravenous infusion in
a 12-week, open-label, uncontrolled study. Strik-
ing effects were observed on both visual acuity
and the OCT and angiographic characteristics of
the neovascular lesions. However, patients expe-
rienced a mean increase of 12 mmHg in systolic
blood pressure, which was felt to be a deterrent to
its common use.

This systemic side effect, combined with the
promising visual and anatomic results from the
intravenous infusion of bevacizumab, led inves-
tigators to consider the intravitreal injection of
bevacizumab [42]. Since then, several retrospec-
tive, uncontrolled, open-label case series have
been published regarding the use of intravitreal
bevacizumab for the treatment of CNV second-
ary to AMD |3, 6, 40, 49]. As with ranibizumab,
the effect of bevacizumab has been impressive.

Avery and colleagues [3] treated 79 pa-
tients with 1.25 mg of intravitreal bevacizumab
monthly and reported the early results after
3 months’ follow-up. Many of these patients had
had prior failed treatment with verteporfin or
pegaptanib. At 3 months, median Snellen visual
acuity improved from 20/200 at baseline to 20/80.
Mean central retinal thickness by OCT decreased
by 67 um at 3 months. No ocular or systemic ad-
verse events were observed.



Spaide and colleagues [49] treated 266 pa-
tients with a monthly dose of 1.25 mg of intra-
vitreal bevacizumab. By 3 months, Snellen visual
acuity improved from a mean of 20/184 at base-
line to 20/109, with 38.3% of patients experienc-
ing some improvement in visual acuity. Mean
central retinal thickness by OCT improved from
340 um at baseline to 213 um at 3 months. Again,
no adverse ocular or systemic adverse events
were observed.

In contrast to the intravenous administration
of bevacizumab, intravitreal injection of bevaci-
zumab did not result in the systemic side effect
of hypertension in any of these studies. The sys-
temic concentration of bevacizumab, when given
intravenously, is obviously several times larger
than the systemic concentrations seen after in-
travitreal injections, and no elevation in blood
pressure has yet been reported in patients treated
with intravitreal bevacizumab.

Animal and in vitro studies published thus far
have failed to identify any specific toxicity asso-
ciated with bevacizumab use. Luthra et al. [29]
demonstrated that the viability of human RPE
cells, rat neurosensory cells, and human micro-
vascular endothelial cells in culture was normal
after exposure to bevacizumab at concentrations
of up to 1 mg/ml. Rabbit studies by Manzano et
al. [31] found no changes in the ERG patterns
of eyes injected with intravitreal bevacizumab
at doses up to 5.0 mg. Mild vitreous inflamma-
tion was seen at the 5.0 mg dose, but not at lower
doses. Bakri et al. [5] looked at the retinal his-
tology of rabbit eyes injected with bevacizumab
and again found no histologic changes compared
with control eyes.

One important aspect in which ranibizumab
and bevacizumab may differ is their pharmaco-
kinetics. Because of its larger molecular weight,
it is assumed that bevacizumab has a signifi-
cantly longer half-life in the vitreous, and pos-
sibly systemically as well. A longer half-life may
allow for less frequent injections to achieve the
same biologic effect. Recent unpublished data,
however, indicate that the half-lives of the two
drugs may actually be quite similar. According
to the package insert for Lucentis, the half-life
of ranibizumab in the vitreous is approximately
3 days based on animal studies. Pharmacokinetic
studies in rabbits reveal that the half-life of beva-
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cizumab in the vitreous is only marginally longer
at 4.3 days (Bakri et al., abstract, Retina Society
Meeting, Cape Town, October 2006).

Although the limited data thus far suggest that
bevacizumab is highly effective and safe for the
treatment of CNV secondary to AMD, without a
head-to-head prospective clinical trial, the rela-
tive efficacy and safety of bevacizumab compared
with ranibizumab will remain unknown. Fortu-
nately, the National Eye Institute has agreed to
sponsor a trial comparing bevacizumab with ra-
nibizumab in AMD patients with subfoveal CNV.
This study, the CATT (Comparison of Treatment
Trial) Study, will randomize patients into one of
four treatment arms: monthly intravitreal injec-
tion of ranibizumab, monthly injection of be-
vacizumab, monthly injection of ranibizumab
followed by treatment on an as-needed basis,
and monthly injection of bevacizumab followed
by as-needed treatment. Until the results of the
CATT Study are available, bevacizumab is none-
theless an attractive treatment option due to its
cost advantage over ranibizumab, especially for
those patients without drug insurance coverage
or with large drug co-payment requirements.

Summary for the Clinician

B Pegaptnanib is a VEGF-165 isoform-
specific inhibitor.

B Pegaptanib is safe.

B Pegaptanib-treated patients still on aver-
age lose vision over time.

B Ranibizumab inhibits all VEGF iso-
forms.

B Ranibizumab is safe.

B Ranibizumab-treated patients on aver-
age gain vision over time.

B Ranibizumab is the current standard of
care for most cases of CNV.

B Bevacizumab inhibits all VEGF iso-
forms.

B Intravitreal use of bevacizumab is off-la-
bel.

B Bevacizumab appears to have a similar
safety and efficacy profile as ranibizum-
ab, but this is yet to be confirmed by ran-
domized clinical controlled trials.
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4.3 Anti-VEGF Therapy:

Practical Considerations

4.3.1 Intravitreal Injection
Technique

It appears that the greatest risks associated with
the use of current anti-VEGF therapies for the
treatment of AMD (endophthalmitis, retinal de-
tachment, lens trauma) come from the intravit-
real injection itself. Therefore, proper injection
technique and careful antiseptic practices are
important.

Supplies that are recommended for prepping
the eye include 5% povidine-iodine solution, po-
vidine-iodine sticks, and a sterile lid speculum.
Atour center, we use sterile gloves, a sterile drape,
and an empty sterile 1 cc tuberculin syringe to
mark the sclera. Alternatively, one can use a cali-
per to mark the location for the injection proce-
dure. The drug is drawn from the drug vial using
a filtered needle attached to a tuberculin syringe.
The needle is then changed to a sterile 30-gauge
needle prior to the injection. Preinjection pro-
phylactic antibiotic drops may also be used, al-
though no benefit of antibiotic prophylaxis has
been established.

The eye should first be anesthetized. In our
hands, topical anesthesia appears to work just
as well as subconjunctival injection of lidocaine,
but either method can be used. For topical an-
esthesia, a cotton tip applicator is soaked with
tetracaine and placed under the upper or lower
eyelid in the conjunctival fornix, so that it rests
against the superotemporal or inferotemporal
bulbar conjunctiva at the site where the injection
is planned. The patient should be instructed to
look in the opposite direction and remain that
way, so as not to scratch the cornea on the cot-
ton tip applicator. After 3-5 min, the applicator
can be removed and the eye prepped with 5%
povidine-iodine solution placed directly on the
eye, and povidine sticks used to clean the eyelids,
lashes, and periocular skin. Gloves are then worn
and the sterile lid speculum placed to hold the
eyelids open. A sterile drape can be placed over
the eye if desired, but is not necessary. The patient
is then asked to fix their gaze in the direction op-
posite to where the injection is planned, so as to
provide the best possible exposure. Providing
the patient with an object to fixate upon, such as

their own raised thumb, can improve stability of
the eye during the injection.

A sterile 1-cc syringe is used as a ruler to mark
the site of injection. The safest point of injection
in phakic patients is 4 mm posterior to the lim-
bus, and the round tip of the tuberculin 1-cc sy-
ringe happens to be exactly 4 mm in diameter. (A
sterile caliper can also be used.) The syringe con-
taining the drug is then used to inject the drug
into the vitreous cavity through the pars plana
with a 30-gauge needle (0.05 cc total volume in
the case of ranibizumab or bevacizumab, 0.1 cc
total volume in the case of pegaptanib). The nee-
dle is withdrawn and a dry cotton tip applicator
is immediately applied over the injection site for
a few seconds to help prevent prolapse and in-
carceration of vitreous in the wound, which can
serve as a possible wick for the introduction of
bacteria. Antibiotic drops are then placed in the
eye and the lid speculum is removed. The eye
pressure is monitored following the injection to
confirm that it returns to normal. Finally, the
patient is sent home with prophylactic antibiotic
drops to be used for 3 days.

Most compliant patients do not need to be re-
checked in the clinic until they are due for their
next injection 4-6 weeks later, presuming you
give them clear instructions on the signs and
symptoms of infection or retinal detachment and
are confident that they will call you immediately
if they were to develop these symptoms. Povi-
dine-iodine can be quite irritating to the corneal
epithelium. It is therefore normal for patients to
have some degree of irritation, burning, and tear-
ing following their injection, in addition to vary-
ing amounts of subconjunctival hemorrhage. The
wise physician will warn their patients of these
possibilities at the time of injection in order to
prevent the inevitable after-hours telephone call.
However, any antiseptic-associated discomfort
should resolve by the following day. Therefore,
any pain or decreased vision reported by the pa-
tient on post-injection day 1 or later should be
taken very seriously.

4.3.2 Safety Considerations

The observation that injection of intravitreal
bevacizumab [4] or pegaptanib [1] for the treat-
ment of proliferative diabetic retinopathy results



in regression of neovascularization in the fellow
eye provides compelling evidence that these mol-
ecules are indeed absorbed systemically to levels
that are clinically relevant. Although no serious
systemic concerns were raised by the MARINA,
ANCHOR or VISION studies, it should be re-
membered that studies of this size are powered
to detect only relatively large differences in rare
events between the study groups. A modest in-
crease in the risk of heart attack or stroke, for
example, might not be detected by these studies.
Given that serious systemic adverse events were
noted in the clinical trials of intravenous be-
vacizumab for the treatment of metastatic colon
cancer—perhaps most notably a 2-fold increase
in the risk of serious thromboembolic events—
these potent drugs should be used with caution,
especially in patients with a history of stroke,
myocardial infarction, angina or blood clot.

It should also be remembered that VEGF
plays an important role in normal angiogenesis
and vasculogenesis. Therefore, although usually
not a consideration when treating a disease such
as AMD, VEGEF inhibitors should probably not
be used in women who are pregnant or breast-
feeding, and should be used only very cautiously
in pre-pubescent children.

Because bevacizumab has been approved by
the FDA only for the intravenous treatment of
metastatic colon cancer, intravitreal injection of
bevacizumab is an off-label use of the drug by
an altered route of administration. This makes
documentation of the informed consent process
especially important when using bevacizumab.
During informed consent, the physician should
explain to patients that the safety and efficacy of
bevacizumab has not been established with cer-
tainty, and that there may be unknown risks with
its use. A bevacizumab-specific consent form is
recommended, and can be found on the website
of the Ophthalmic Mutual Insurance Company
(OMIC—www.omic.com) [24].

4.3.3 Bevacizumab (Avastin)
Preparation: Compounding
Pharmacies

Bevacizumab comes in preservative-free 100-mg
vials, containing 4 cc of a 25 mg/cc solution, in-
tended for one-time use only for treatment of a
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single cancer patient. A single vial can theoreti-
cally be aliquoted out to provide up to 80 indi-
vidual 0.05 cc intravitreal doses in 1-cc tubercu-
lin syringes. While certainly economical, treating
multiple macular degeneration patients with a
single vial of bevacizumab does raise several im-
portant patient safety and professional liability
issues. A federal standard for preadministration
manipulation of compounded sterile prepara-
tions was established in January 2004, as codified
by USP Chapter 797. Any physician who intends
to use intravitreal bevacizumab should have the
medication prepared only by a compounding
pharmacy that complies fully with Chapter 797
[24]. The pharmacy should confirm the dose and
sterility, provide proper storage instructions, and
mark all aliquots with an expiration date. Al-
though bevacizumab is a very stable drug with a
shelf-life of many months, compounded aliquots
will usually have an expiration date of only a few
weeks due to sterility concerns. The use of beva-
cizumab past the expiration date specified by the
compounding pharmacy is not recommended.

Summary for the Clinician

B The greatest risks of anti-VEGF therapy
appear to arise from the intravitreal in-
jection itself.

B Proper antiseptic and injection tech-
niques are critical to minimize these
risks.

B Anti-VEGF agents are potent drugs and
should be used with all due caution and
consideration

B Bevacizumab should be prepared by a
qualified compounding pharmacy

4.4 Future Anti-VEGF Therapies

4.4.1 VEGF Trap

Pegaptanib, ranibizumab, and bevacizumab all
act through inhibition of VEGF-A; they do not
bind other members of the VEGF family. VEGF
Trap (Regeneron, Tarrytown, NY, USA) is an
experimental new drug designed to inhibit all
members of the VEGF family: VEGF-A, -B, -C,
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-D, and PIGF-1 and -2. VEGF Trap is a recombi-
nant chimeric VEGF receptor fusion protein in
which the binding domains of VEGF receptors
1 and 2 are combined with the Fc portion of im-
munoglobulin G to create a stable, soluble, high-
affinity inhibitor. Not only does VEGF Trap bind
all known members of the VEGF family, but it
binds VEGF-A with higher affinity (kD <1 pmol/
1) than any of the currently available anti-VEGF
drugs [37]. Whether the broader spectrum and
higher affinity of VEGF Trap equates to improved
efficacy in the treatment of CNV secondary to
AMD is yet to be determined.

VEGF Trap is currently undergoing phase I
clinical trials. The CLEAR-AMD 1 Study is a ran-
domized, multicenter, placebo-controlled, dose
escalation study designed to assess the safety, tol-
erability, and bioactivity of VEGF Trap [37]. The
study enrolled 25 patients who had CNV second-
ary to AMD, with lesions >12 disc areas in size,
with >50% active leakage, and with ETDRS vi-
sual acuity of <20/40. Patients were randomized
to receive either placebo, or one of three doses
of VEGF Trap (0.3, 1.0, or 3.0 mg/kg) as a single
intravenous dose, followed by a 4-week observa-
tion period, then three additional doses 2 weeks
apart. Dose-limiting toxicity was observed for 2
out of 5 patients treated with the 3.0-mg/kg dose:
1 patient developed grade 4 hypertension and the
other developed grade 2 proteinuria. Although
reduced leakage on fluorescein angiography and
reduced retinal thickening on OCT was observed
in the patients treated with VEGF Trap, no cor-
responding reduction in choroidal neovascular
lesion size or improvement in visual acuity was
observed in these patients over the short 71-day
study period. It was concluded that the maxi-
mum tolerated intravenous dose of VEGF Trap
was 1.0 mg/kg.

The CLEAR-IT 1 Study is similarly designed
to assess the safety, tolerability, and bioactivity of
VEGF Trap through the intravitreal route of ad-
ministration (Nguyen et al., abstract, Retina So-
ciety Meeting, Cape Town, October 2006). The
study enrolled 21 patients using the same inclu-
sion criteria as CLEAR-AMD 1, and randomized
them to receive one of six doses of VEGF Trap
as a single intravitreal injection: 0.05, 0.15, 0.5,
1.0, 2.0 or 4.0 mg. After 43 days of follow-up, no

adverse ocular or systemic events were observed.
Mean decrease in excess foveal thickness for all
patients was 72%. The mean increase in ETDRS
visual acuity was 4.75 letters and visual acuity
remained stable or improved in 95% of patients.
Notably, 3 out of 6 patients treated with the
higher doses (2.0 or 4.0 mg) gained >3 lines of
visual acuity by day 43.

Clearly, VEGF Trap shows promise as a novel
treatment for CNV secondary to AMD.

4.4.2 Small Interfering RNAs

In 1998, Fire and Mello and colleagues [14] dis-
covered that injection of gene-specific double-
stranded RNA into cells results in the potent
silencing of that gene’s expression. They had
stumbled upon one of the fundamental mecha-
nisms by which the cell regulates gene expression
and protects itself against viral infection: RNA
interference. For their discovery, Fire and Mello
were awarded the Nobel Prize in Physiology and
Medicine in 2006.

The components of the RNA interference
machinery have since been identified. Double-
stranded RNA binds to a protein complex called
Dicer, which cleaves it into multiple smaller frag-
ments. A second protein complex called RISC
then binds these RNA fragments and eliminates
one of the strands. The remaining strand stays
bound to RISC, and serves as a probe that rec-
ognizes the corresponding messenger RNA tran-
script in the cell. When the RISC complex finds
a complementary messenger RNA transcript, the
transcript is cleaved and degraded, thus silencing
that gene’s expression [39].

Small interfering RNAs (siRNAs) have quickly
become important tools in genetic research. Their
potential as therapeutic agents is being explored
in many areas of medicine, and ophthalmology is
no exception. Reich and Tolentino [39, 50] were
the first to apply siRNA technology to the treat-
ment of choroidal neovascularization, and their
research has progressed to the phase II clinical
trial stage, with a drug called bevasiranib/Cand5
(Acuity Pharmaceuticals, Philadelphia, PA,
USA). Bevasiranib/Cand5 is an siRNA inhibitor
of VEGF designed for intravitreal injection. A



phase I, open-label, dose escalation study of 15
patients revealed no serious ocular or systemic
adverse effects at doses up to 3.0 mg.

The CARE study (short for Cand5 Anti-VEGF
RNAi Evaluation) is a phase II multicenter,
randomized, double-masked, trial of bevasira-
nib/Cand5 in patients with CNV secondary to
AMD (Brucker et al., Retina Society Meeting,
Cape Town, October 2006; Thompson et al,
AAO Meeting, Las Vegas, November 2006). One
hundred and twenty-seven patients with pre-
dominantly classic, minimally classic, or retinal
angiomatous proliferation lesions (occult with
no classic lesions excluded) were randomized to
receive one of three doses of the drug (0.2 mg,
1.5 mg, and 3.0 mg) at baseline and at 6 weeks.
The primary endpoint was the mean change in
ETDRS visual acuity from baseline at 12 weeks,
which was -4 letters (0.2 mg), -7 letters (1.5 mg),
and -6 letters (3.0 mg). The authors have theo-
rized that these disappointing results stem from
the fact that bevasiranib/Cand5 only blocks the
production of new VEGF—VEGF already pres-
ent at the time of injection is not inhibited. The
investigators postulated that a baseline combina-
tion treatment with a VEGF protein blocker may
be required to “mop up” the preexisting VEGF
load. The half-life of VEGF is short and it does
not explain why the results were not seen by the
12-week mark with siRNA treatment. The ef-
ficacy of the proposed treatment combination
remains to be shown. The investigators envision
the role of bevasiranib/Cand5 more as being a
long-term “maintenance” drug. The CARE trial
raised no safety concerns, with only 1 patient de-
veloping uveitis.

Other therapeutic targets for siRNAs are be-
ing investigated. siRNAs directed against the
VEGFR-1 receptor have shown promise in a
mouse model of CNV [47], and are currently in
clinical development (Sirna-027; Sirna Thera-
peutics, Boulder, CO, USA).

4.4.3 Receptor Tyrosine
Kinase Inhibitors

Non-RNA inhibitors of VEGF receptor tyrosine
kinase activity have been identified, and their
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anti-angiogenic properties are being investigated
for use in the treatment of systemic malignancy,
as well as CNV. One advantage of this class of
drugs over those discussed thus far in this chapter
is the possibility of an oral route of administra-
tion, thereby avoiding the ocular complications
associated with frequent intravitreal injections.

One promising compound is PTK787, which
is a nonselective inhibitor of all known VEGF
receptors [53]. PTK787 has been shown to in-
hibit retinal neovascularization in a hypoxic
mouse model [30, 38]. Phase I/II clinical trials
of PTK787 (Vatalanib; Novartis, East Hanover,
NJ, USA) have been carried out in patients with
both solid and hematologic malignancies. A
multicenter phase I trial of PTK787/Vatalanib
in patients with macular degeneration—the AD-
VANCE study—is currently enrolling patients.
Patients with all CNV lesion types will receive
photodynamic therapy with Visudyne at base-
line, and will be randomized to receive concur-
rent treatment with either 500 mg or 1,000 mg
of oral PTK787/Vatalanib, or placebo, once daily
for 3 months (Joondeph, abstract, Retina Society
Meeting, Cape Town, October 2006). ADVANCE
is designed to assess the safety and efficacy of the
drug.

AG-013958 (Pfizer, San Diego, CA, USA) is
a selective VEGFR and PDGEFR inhibitor that is
currently in phase I/II testing. The route of ad-
ministration being examined is subtenons injec-
tion. The preliminary results of 21 patients with
subfoveal CNV indicated that adverse events
were mild [21].

Summary for the Clinician

B VEGF Trap shows promise as a novel
treatment for CNV.

B SiRNAs may become an important new
class of drugs in the future.

B Early phase II results of an siRNA inhibi-
tor of VEGF have been disappointing.

B Receptor tyrosine kinase inhibitors may
allow for oral treatment of CNV in the
future. .
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Anti-VEGEF treatment has enabled a sizeable pro-
portion of treated patients to attain significant vi-
sual improvement or to maintain vision. Future
research will hopefully continue to build on these
advances and make restoration of vision a reality
for the majority of these patients.

4.5 Conclusion
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Chapter 5

Heinrich Heimann

Core Messages

B Through the introduction of new treat-
ment strategies for exudative age-related
macular degeneration, the number of
intravitreal injections has increased dra-
matically over the past few years. It is
likely that this form of therapy will be-
come the most common surgical inter-
vention in ophthalmology within a short
period of time.

B Although severe ocular adverse events
associated with intraocular injections are
rare, the rate can increase significantly if
certain standards for intraocular inter-
ventions are not followed. Several guide-
lines on the technique for intravitreal
injections have been published in recent
years. Strict adherence to these guide-
lines is advisable.

B Endophthalmitis is the most feared
complication of intravitreal injections.
It is usually caused by bacterial contami-
nation during or immediately after the
injection and occurs in about 0.1% of in-
jections and in about 1% of patients with
repeated injections.

B Ocular hypertension and cataract devel-
opment are not typically seen after anti-
VEGEF therapy.

B Based on the studies and data currently
available, no major difference in the risk
profile of the anti-VEGF drugs used at
present can be seen.

B Triamcinolone is associated with a high-
er rate of secondary ocular hypertension
(40%) and need for glaucoma surgery
(1%) than anti-VEGF agents. It also has
a higher rate of cataract progression in
about 40% of patients within the first

5.1 Introduction

The introduction of new drugs for the treatment
of age-related macular degeneration (AMD) has
led to a significant change in ophthalmological
practice. Until a few years ago, intravitreal injec-
tions were reserved for a small number of rare
diseases (e.g., endophthalmitis, viral retinitis).
Within a short period of time, the numbers of
injections have increased and are now second
only to cataract surgery as the most common
treatment in most tertiary centers across Europe
and the United States. It is likely that intravit-
real injections with the anti-vascular endothelial

year of treatment.
growth factor (VEGF) type of action will soon
become the most common intraocular procedure
performed worldwide. With intravitreal injection
we can obtain a high intraocular concentration
of a drug, with minimal systemic exposure.

This tremendous and rapid change indicates a
significant challenge for ophthalmological units;
a tidal wave of intraocular injections, re-injec-
tions, and follow-up examinations has to be inte-
grated into daily routine without compromising
patients’ safety. It is therefore mandatory to main-
tain essential safety standards for all injections
whilst avoiding unnecessary and costly examina-
tions and safety measures. In order to maximize
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the number of patients that can be treated, the
workload associated with each patient has to be
minimized within the treating unit; therefore, it is
likely that more and more pre- and postoperative
examinations will be shifted to places outside the
centers where the injections are performed. In a
relatively short period of time, ophthalmologists
and optometrists who are currently not perform-
ing intraocular injections will be confronted with
a larger number of patients following intravitreal
injections. In this chapter, the techniques, com-
plications, and guidelines for intravitreal injec-
tions are reviewed. Because of the recent shift in

Table 5.1 Complications of intravitreal injections

Complication Peri- Early
operative (>7 days)

Conjunctival X X

hemorrhage

Conjunctival scarring

Punctate keratitis X X

Pain X X

Traumatic cataract X X

Cataract progression

Central retinal X X
artery occlusion

Vitreous reflux X X
Vitreous hemorrhage X X
Vitreous floaters X X
Intraocular X X
inflammation

Uveitis/pseudo- X
endophthalmitis

Endophthalmitis X
Retinal detachment X
Ocular hypertension X X

Late Incidence
(>7 days)

the application of intravitreal drugs, the chapter
focuses on studies of anti-VEGF substances and
triamcinolone.

5.2 Complications

of Intravitreal Injections

With an appropriate technique, the intravitreal
injection of a drug is a straightforward surgi-
cal procedure that carries a low rate of serious
complications (Table 5.1). Yet, the first published
multicenter study showed that the disregard

Related to in-

jected substance

~20-40% -

~30% -
~30%
<1% -

First year: X
~15%
~40% (triamcinolone)

<1% -

~20% -
<1% =
~30% X
~20% X

~1% X

~0.15% per injection X
~1% per patient with
multiple injections

<1% -

Triamcinolone X
~40%



of basic standards for intraocular surgery can
quickly increase the rate of complications to un-
acceptable levels. In the initial stages of the VI-
SION trial, the rates of bacterial endophthalmitis
were more than 4-fold higher than those after
routine cataract surgery [8, 14]. Serious adverse
events occurred in 19% of patients (169 out of
892), although serious adverse events were also
noted in 15% of patients (45 out of 298) with
sham treatment [8]. These figures underline that
intravitreal injections should be treated as intra-
ocular surgery and conducted according to the
standards applied to all intraocular procedures,
e.g., asepsis of the operating field and a sterile
technique throughout the process. Even with
the greatest care, complications associated with
intravitreal injections will never be avoided com-
pletely; however, as demonstrated in the recent
large prospective trials, in only very few cases
will these complications lead to a long-term re-
duction in visual acuity or discontinuation of the
treatment if dealt with in a timely and appropri-
ate fashion [4, 8, 14, 29].

5.2.1 Methodology

In this chapter, the complications associated with
intraocular injections are reviewed. A methodo-
logical review is flawed by several problems:

1. The most serious side effects of intravitreal in-
jections (e.g., endophthalmitis, retinal detach-
ment, glaucoma, cataract) are rare following
anti-VEGF treatment and occur in less than
1% of injections and in about 1-2% of patients
undergoing repeated injections. Only ran-
domized prospective trials with large patient
numbers are able to reflect the true rate of
complications associated with the drug exam-
ined and the treatment protocol applied. Such
trials have been published for pegaptanib and
ranibizumab (Table 5.2) [4, 8, 14, 29].

2. For the two other currently most commonly
used drugs, bevacizumab and triamcinolone,
such studies do not exist and it is unlikely that
this will be the case in the near future.

3. Other important, potentially sight-threaten-
ing complications of injections are intraocular
inflammation, cataract development, and a
rise in intraocular pressure (IOP). The exami-

5.2 Complications of Intravitreal Injections

nation methods, time points, and definitions
for the detection of these complications vary
from study to study.

4. Different protocols for the performance of in-
travitreal injections have been used. The dif-
ferences in the injection technique (e.g., sub-
conjunctival anesthesia, perioperative drug
treatment, etc.) can have a significant influ-
ence on the complication rate.

5.2.2 Perioperative Complications

Complications following intravitreal injections
can be divided according to their occurrence
into perioperative, early postoperative, and late
(Table 5.1). Furthermore, complications from
the intraocular injection procedure itself have to
be distinguished from possible biological side-ef-
fects of the injected substance.

5.2.2.1 Conjunctival Hemorrhage

Conjunctival hemorrhage is related to the trauma
caused by manipulations during the injection,
e.g., forceps or needle injuries. Obviously, when
subconjunctival anesthesia is used, the need for
two injections increases the risk of this complica-
tion. In one series, subconjunctival hemorrhages
could be seen in 18% of patients with intravitreal
injections and topical anesthesia versus 40% in
patients with subconjunctival anesthesia [22].
Nevertheless, even with topical anesthesia, hem-
orrhage can be seen in up to 37% of patients [7].

In the vast majority of cases, conjunctival
hemorrhages is more cosmetically disturbing
than harmful. They clear spontaneously within
7-14 days and do not require any therapy. Very
rarely, they can progress to cause significant an-
terior segment problems that require surgical
intervention. The risk of significant conjunctival
hemorrhage seems to be increased in patients
with anticoagulant therapy, e.g., warfarin [15].
In contrast to their relative insignificance in the
majority of cases, conjunctival hemorrhage is of-
ten perceived as a serious side-effect from the pa-
tients’ point of view. Particularly in an outpatient
setting without a scheduled short-term follow-up
examination, patients have to be instructed about
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Table 5.2 Ocular adverse events in studies of pegaptanib and ranibizumab

Follow-up Number Number Endophthal- Per patient  Per injection
(months) of patients  of injections mitis (1) (%) (%)
Pegaptanib
VISION [14]
0.3 mg 295
1.0 mg 301
3.0 mg 296
First year 12 892 7,545 12 1.3 0.16
Second year 374 4,091 4 1.0 0.1
Ranibizumab
MARINA [29]
0.3 mg 24 238 NA 2 0.8
0.5 mg 24 240 NA 3 1.2
Total 478 10,443 5 1.0 0.05
ANCHOR [4] 12
0.3 mg 12 137 1,507 0 0 0
0.5 mg 12 140 1,568 2 0.14
Total 277 3,075 2 0.07 0.006
Control groups
VISION 24 298
(sham injection)
ANCHOR 12 140 0
(PDT)
MARINA 24 238 0

(sham injection)



Inflammation Uveitis
(%)

16

14
13

17

21
19

12

16

12

(%)

1.2

1.2
1.2

Cataract
(%)

Split in different
grades, high-
est grade 17%

18
22

15

15

11

12.9

26

7.0

15.7

Cataract
surgery (%)

<1

5.1

7.2
6.1

5.3

1.2

18

5.2 Complications of Intravitreal Injections

Glaucoma
(%)

>35 mmHg

15

>30 mmHg
13.0

17.6

>30 mmHg
8.8

8.6

>30 mmHg
4.2

>30 mmHg
34

>40 mmHg
2.3

2.3

>40 mmHg
240

2.9

>40 mmHg
0.7

>40 mmHg
0

Retinal
detachment (%)

0.3

1.6

0.7

0.3

0.7

0.4
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their appearance and natural course. Strategies to
minimize their incidence include the use of topi-
cal versus subconjunctival anesthesia and the use
of a cotton bud for conjunctival manipulation in-
stead of forceps.

5.2.2.2 Conjunctival Scarring

Repeat injections, especially when combined with
subconjunctival anesthesia, will lead to conjunc-
tival scarring. Significant conjunctival scarring
or ocular surface disorders as a result of multiple
intravitreal injections have not been reported in
larger studies to date. However, if repeated injec-
tions are necessary, it is recommended to record
the position of the injection and to avoid repeated
injection in the same location if possible.

5.2.2.3 Pain

Pain can be related to the anesthesia, the needle
entry through the conjunctiva and sclera, and the
rise in IOP associated with the injection. When
subconjunctival anesthesia is used, patients ex-
perience pain associated with the subconjuncti-
val injection, but less pain when the needle en-
ters the posterior segment. In the VISION trial,
34% of patients (subconjunctival anesthesia and
intravitreal injection) versus 28% of the controls
(subconjunctival anesthesia and sham injection)
experienced pain [8]. When topical anesthesia is
used, the pain associated with the subconjunc-
tival injection is avoided; however, the intravit-
real injection is more painful [22]. Overall, the
patients’ expected levels of pain and discomfort
are usually greater than those from the actual ex-
perience [30].

5.2.2.4 Punctate Keratitis
and Corneal Edema

Punctate keratitis was detected in 32% of patients
in the VISION trial versus 27% of controls [8].
It has not been noted as a complication in other
trials. The most likely cause is a combination of
the anesthesia of the ocular surface, a reduced
blink reflex after corneal anesthesia, flushing of
the corneal surface with antiseptic solution, the

prolonged exposure of the cornea for the dura-
tion of the injection, and irregularities of the
ocular surface after the injection. A combination
of these factors and the intermittent rise in IOP
can also cause corneal edema; this was noted in
9% of patients in the VISION trial [8]. However,
to date there are no suggestions that the corneal
surface or the corneal endothelium can be af-
fected through a direct toxic effect of the injected
substances. To avoid damage to the corneal
epithelium, the exposure time following topical
anesthesia should be minimized. Alternatively,
ocular lubricants can be applied following the
procedure.

5.2.2.5 Vitreous Reflux

The intravitreal injection of 0.1 ml of fluid is asso-

ciated with a rise in IOP to around 45 mmHg [3].

During removal of the needle, vitreous, liquefied

vitreous or fluid can exit the posterior segment

through the needle path into the subconjunctival
space or transconjunctivally to the ocular surface.

This phenomenon can be observed in about 20%

of injections [3]. Two problems can be associated

with a vitreous prolapse:

1. A substantial amount of the injected drug can
be misplaced.

2. A “vitreous wick” can serve as an entry site
for bacteria from the ocular surface and may
significantly increase the risk of postoperative
endophthalmitis [5].

The rate of vitreous reflux is dependent on
the needle, the injected volume, the consequen-
tial rise in IOP, and the injection technique used.
Vitreous reflux can be avoided using sharp small-
gauge needles (e.g., 27-, 30- or 31-gauge) and/or
a short scleral tunnel for injection by pulling
the conjunctiva over the injection site and using
a slightly angled scleral path with the injection
needle.

5.2.2.6 Traumatic Cataract

With the appropriate training of surgeons carry-
ing out the injection and the injection technique,
the rate of traumatic cataract should be minimal.
Yet, sudden head movements of the patient or ac-



cidental moving of the needle tip toward the lens
can never be fully avoided, and even intralenticu-
lar injections have been reported [19].

In the VISION trial, the rate of traumatic cata-
ract was 0.07% (5 out of 892) [8]. The importance
of the appropriate injection technique is under-
lined by the fact that, in this trial, 2 of the 5 lens
injuries occurred on the same day in one center
[8]. In the MARINA trial, lens damage was noted
in 0.2% (1 out of 477) [29]. In the ANCHOR trial,
no lens damage was noted during the first year in
277 patients with multiple injections [4].

5.2.2.7 Cataract Progression

Any intraocular manipulation is likely to be asso-

ciated with an increase in cataract formation over

time. The analysis of this complication is made
difficult by several factors:

1. Different systems for grading and diverse def-
initions of “cataract progression” have been
used in studies on intravitreal injections.

2. The systems for cataract grading currently
used are still biased by subjective differences
in the grading of lens opacities by different ex-
aminers.

3. The majority of published studies are retro-
spective in nature and a precise recording
of cataract progression does not seem to be
achievable with such study designs.

4. A difference in cataract progression may only
be seen after several years of follow-up. To
date, most studies cannot provide the neces-
sary data because follow-ups are limited to 1
or 2 years.

5. A significant amount of cataract progression
is likely to occur in the age group of patients
with AMD unrelated to any intervention.

The latter is underlined by the rates of cata-
ract progression that were noted in the control
groups of prospective trials. These were 16% in
the MARINA trial (sham injection), 7% in the
ANCHOR trial (photodynamic therapy + sham
injection), and 26% in the VISION trial (sham
injection) [4, 8, 14, 29]. In comparison, similar or
slightly higher rates of cataract progression could
be noted in the treatment groups (MARINA 15%,
ANCHOR 11-13%, and VISION 17-22%) [4, 8,
14, 29]. Very few patients underwent cataract
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surgery during the trial periods in these studies.
Opverall, there seems to be little or no cataracto-
genicity of repeated intraocular injections with
anti-VEGF substances compared with their re-
spective control groups within the first 2 years.

In contrast to the intravitreal application of
anti-VEGF substances, intravitreal triamcino-
lone is associated with a higher rate of cataract
development. By and large, cataract surgery has
been performed in 20-45% of patients within the
first year of the initial injection [21, 33]. The rate
of cataract formation and consecutive surgery
is time-dependent. In a prospective 2-year trial,
cataract surgery was performed in 54% of pa-
tients (15 out of 28) with diabetic macular edema
treated with intravitreal triamcinolone compared
with 0% (0 out of 21) in the control group [12].

The cataractogenicity of local and systemic
steroids has long been established; yet, the pre-
cise mechanisms are not clearly understood [20].
In the majority of cases, steroid use is associated
with posterior subcapsular cataract formation.
In addition, cortical cataracts and, to a lesser
extent, nuclear cataract progression can also be
seen following intravitreal triamcinolone injec-
tion [11, 33]. Interestingly, there seems to be a
highly significant association of the second ma-
jor complication of intravitreal triamcinolone,
the rise in IOP, with the progression of subcapsu-
lar posterior and cortical cataracts [11]. A higher
rate of cataract progression should therefore be
expected in patients who are classified as steroid
responders according to a rise in IOP following
the injection.

5.2.2.8 Retinal Perforation

Entering the posterior segment with a sharp in-
strument carries the potential risk of retinal in-
jury. This can occur when the entry site is too
posterior (>5 mm), the needle is too long and ad-
vanced too far, the needle is pointed in the wrong
direction or detached retina or choroid are in the
way of the needle. No such retinal injuries have
been reported in recent multicenter trials [4, 8,
14, 29]. Inspection of the retinal periphery before
and after the injection should be included in the
routine injection procedure. With appropriate
training of surgeons, retinal injuries should be
avoidable.
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5.2.2.9 Vitreous Floaters

Vitreous floaters are commonly noticed by pa-
tients following intravitreal injections. In the
VISION trial, they were perceived in 33% of
patients in the treatment group versus 8% of pa-
tients with sham injections [14]. Due to the crys-
talline structure of the injected substance, float-
ers are more prevalent following triamcinolone
injections. Floaters usually subside within the
first week without the need for additional thera-
peutical measures.

5.2.2.10 Vitreous Hemorrhage

Vitreous hemorrhage is another potential compli-
cation of intravitreal injections. It can be caused
by the injection itself during which the needle
penetrates the choroids to reach the posterior
chamber as well as by post-injection changes
within the vitreous, leading to vitreous traction
with preretinal hemorrhage. Its incidence, how-
ever, is relatively low; furthermore, the diseases
most commonly treated with intravitreal injec-
tions, e.g., exudative AMD or diabetic retinopa-
thy, are frequently associated with vitreous hem-
orrhage not related to surgical interventions.

In the VISION trial, the rate of vitreous hem-
orrhage was 0.21% (16 out of 7,545) [8]. How-
ever, only 9 of the 16 incidents were judged to
be associated with the injection procedure. In
the MARINA trial, the rates of vitreous hemor-
rhage were 0.4% (2 out of 477) in the treatment
group versus 0.8% (2 out of 236) in the group
with sham treatment [29]. Usually, no treatment
is required for vitreous hemorrhage secondary to
intravitreal injections. Pars plana vitrectomy can
be considered in advanced cases or those without
spontaneous regression.

5.2.2.11

Retinal toxicity is a potential complication of in-
travitreally applied drugs. Such toxicity, can lead
to changes in the electroretinogram, may cause
visible changes through alterations of the fundus
pigmentation and can lead to gross photoreceptor
and macular malfunction. Cases of retinal toxic-

Retinal Toxicity

ity or presumed toxicity have been documented
following intravitreal application of tissue plas-
minogen activator, methotrexate, amikacin and
hyaluronidase [6, 17, 35].

So far, there have been no reports of presumed
toxicity of anti-VEGF drugs, including bevaci-
zumab, in vivo or in vitro with the currently used
dose regimen [4, 8, 10, 29]. However, some con-
cerns remain that constant VEGF suppression
might increase the long-term risks of toxicities
for retinal tissue [25].

The question of possible toxicity of triamcino-
lone has been raised in in vitro studies on rabbits
and on cultured human retinal pigment epithelial
(RPE) cells [32, 36]. This toxicity has been linked
to the concentration of the drug, the preservative
in commercial preparations or the direct contact
of the triamcinolone crystals with the retina [21,
32, 36]. In clinical series, no evidence of triam-
cinolone toxicity has been reported so far [21].

5.2.2.12

Anti-VEGF substances are humanized antibod-
ies, or aptamers, that potentially can cause an
intraocular immune reaction. Clinical studies
have therefore specifically looked at intraocular
inflammation following their intravitreal appli-
cation. Intraocular inflammatory cells, however,
can also be seen after any manipulation of the eye
or the ocular adnexa, including intravitreal injec-
tions or sham injections.

A dose-related increase in intraocular inflam-
mation has been documented for two drugs after
intravitreal application, ranibizumab and hy-
aluronidase. Early phase I/II studies of ranibi-
zumab were associated with a relatively high rate
of low-grade to moderate intraocular inflamma-
tion in up to 78% of patients [16]. This might
have been due to the lyophilized preparation of
the antibody. In a further dose-escalating study,
Rosenfeld et al. found a dose-dependent re-
sponse; injections up to 500 pg of ranibizumab
seem to be well tolerated, but higher doses were
accompanied by more intraocular inflammation
[28]. In the large prospective clinical trials of
ranibizumab (up to 500 pg) and pegaptanib (up
to 3 mg), the rates of (mostly low-grade) ante-
rior and posterior chamber inflammation were

Intraocular Inflammation



significantly lower and were seen in up to 20%
within the treatment groups. There was no cor-
relation between the level of intraocular inflam-
mation and the injected drug dose and a compa-
rable rate and severity of events could be seen in
the respective control groups [4, 8, 14, 29]. Typi-
cally, intraocular inflammations following ra-
nibizumab and pegaptanib can be seen on day 1
after the injection and usually subside without
treatment within 14 days. Anti-inflammatory
treatment is not necessary in most cases. There
does not seem to be an increased risk of more se-
vere inflammation with repeated injections that
would indicate an amplification of the immune
response as a reaction to the injected proteins.
In contrast, lower intraocular inflammation
scores were seen following repeated injections in
a dose-escalating study with more frequent and
higher dosed injections compared with the cur-
rently recommended doses of ranibizumab [28].

Another drug that was documented to cause
a biological reaction following intravitreal injec-
tion is bovine hyaluronidase. Increased intra-
ocular inflammatory responses with a dose re-
lationship could be seen. The rates of moderate
or severe iritis in the study by Kupperman et al.
were 0% (observation) and 8% (saline injection)
in the control groups versus 20% (7.5 IU hyal-
uronidase), 37% (55 IU), and 40% (75 IU) [24]
in the treatment groups.

Intraocular inflammatory reactions (with the
exception of pseudo-endophthalmitis or endo-
phthalmitis, see Sect.5.2.2.13) do not seem to
be a particular problem following intravitreal
triamcinolone [21]. When injected into the ante-
rior chamber and capsular bag following routine
cataract surgery, there is a dose-related reduction
of the anterior chamber inflammatory response
[13]. In one series of 759 consecutive intravitreal
injections, no significant anterior chamber reac-
tion could be noted [23]. This is probably due to
the immunosuppressive effect of the drug.

5.2.2.13 Uveitis and Pseudo-
endophthalmitis

The vast majority of inflammatory reactions
in the anterior and posterior chamber follow-
ing intravitreal injections are of low grade and
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do not require any treatment. They are usually
thought to be associated with the injection pro-
cedure. Occasionally, severe intraocular inflam-
matory reactions can be seen. In these rare cases
it is important, although sometimes extremely
difficult, to differentiate a sterile inflammatory
process from an inflammatory reaction as-
sociated with infectious endophthalmitis. To
complicate things further, the term “pseudo-
endophthalmitis” has been introduced. This
has almost exclusively been used for severe in-
traocular inflammations following intravitreal
triamcinolone injections.

Low-grade inflammatory reactions following
intravitreal injections are thought to be a reac-
tion to the injection procedure, whereas severe,
noninfectious reactions might be caused by the
drug itself (or its solvent) [29]. To distinguish
low-grade inflammation from clinically signifi-
cant inflammatory reactions, the latter are often
classified as uveitis. In a phase I/II study of ra-
nibizumab, one case of a severe recurrent uveitis
was noted [16]; the uveitis recurred after each
injection of the drug, underlining the likelihood
of a biological reaction to the injected antibody.
In the larger prospective studies of ranibizumab,
uveitis could be seen in 1 of the 277 cases in the
ANCHOR trial and in 1.2% of cases (6 out of
478) in the MARINA trial. In the Bevacizumab
Safety Survey, 10 cases of uveitis out of a total of
5,228 patients (0.19%) were reported [10]. No
severe intraocular inflammations other than en-
dophthalmitis were reported to occur following
pegaptanib injection in the VISION trial [14].

Pseudo-endophthalmitis (synonyms: sterile,
noninfectious or toxic endophthalmitis) is char-
acterized by intraocular changes or a severe in-
flammatory reaction mimicking the clinical pic-
ture of infectious endophthalmitis. This reaction
is almost exclusively seen following intravitreal
injection of unaltered, commercially available
triamcinolone. Three different paths can lead to
its manifestation:

1. Immune reaction to the vehicle of the injected
drug, leading to severe intraocular uveitis.

2. Collection of triamcinolone crystals in the
anterior chamber, mimicking the picture of a
hypopyon. This can particularly seen in eyes
with previous vitrectomy and defects in the
lens capsule or zonular fibers, or when part
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of the injected triamcinolone is misdirected
alongside the anterior vitreous surface.

3. The crushing of triamcinolone crystals in
small-gauge cannulae (30- or 31-gauge), lead-
ing to an almost immediate and dense vitre-
ous haze following the injection.

There is no unambiguous clinical sign to dif-
ferentiate pseudo-endophthalmitis from infec-
tious endophthalmitis. However, some clinical
features are more commonly associated with
pseudo-endophthalmitis:

1. Clinical signs develop within the first few
hours of the injection. This does not exclude
infectious endophthalmitis, but newly diag-
nosed intraocular inflammation days after
the injection should is more indicative of
infectious endophthalmitis and rather than
pseudo-endophthalmitis.

2. Pain, periorbital swelling and photophobia
are usually absent in pseudo-endophthalmi-
tis. However, it should be kept in mind that
pain is also absent in about 20% of infectious
endophthalmitis.

3. Dense vitreous infiltrates and pseudo-hypo-
pyon seen in pseudo-endophthalmitis are
accompanied by a relatively low-grade ante-
rior chamber reaction (e.g., very few anterior
chamber cells above the crystals).

4. Anterior chamber taps or vitreous biopsies
fail to isolate bacterial or fungal organisms.

Some authors advocate purification of com-
mercially available triamcinolone before intra-
vitreal injection in order to eliminate the vehicle
and to lower the occurrence of toxic reactions.
With this technique, only one case of pseudo-en-
dophthalmitis could be seen after 759 injections
in a series by Kreissig et al. [23]. In contrast, in
a series of 922 injections without removal of the
vehicle, 8 cases of pseudo-endophthalmitis were
seen (0.87%) [26].

Pseudo-endophthalmitis usually subsides
without any specific therapy over 7-14 days. In
contrast, infectious endophthalmitis can prog-
ress extremely quickly without appropriate treat-
ment with potentially devastating consequences.
Weighing the potential risks of treating a case of
pseudo-endophthalmitis with intraocular anti-
biotics against delaying treatment of infectious
endophthalmitis, it seems justified to recom-

mend treatment with intraocular antibiotics in
uncertain cases.

5.2.2.14 Endophthalmitis

Infectious endophthalmitis is the most feared
complication of intravitreal injections and has
been reported after application of all currently
used preparations. The prevention of postopera-
tive endophthalmitis is one of the key issues in-
fluencing the organization and implementation
of intravitreal injections on a larger scale. The
first large multicenter studies of intravitreal anti-

VEGF treatment revealed several problems that

need to be considered when integrating this type

of therapy into routine practice:

1. The endophthalmitis rates per patient fol-
lowing repeated intraocular injections are
significantly higher than rates reported after
routine cataract surgery. This underlines the
importance of appropriate hygiene standards
and techniques for intraocular injections.

2. The rate of endophthalmitis can be lowered
by adherence to certain standards, e.g., ster-
ile environment, and appropriate disinfection
[8]. This, in return, has a major impact on the
costs and the logistics of patient treatment.

3. With timely and appropriate treatment, dev-
astating outcomes can be avoided and the ma-
jority of patients will go on and continue the
therapy if more injections are needed [8].

Prevention and timely treatment are key issues
to lower the rates of post-injection endophthal-
mitis and its potentially devastating outcomes.
This concerns not only the injection itself, but
also the pre-operative examination and postop-
erative care of the patient:

1. Patients with acute or chronic infections of
the anterior segment and ocular adnexa, e.g.,
conjunctivitis or blepharitis, should first un-
dergo treatment of the infectious disease be-
fore proceeding to the injection.

2. The preparation of the ocular surface should
aim to minimize the bacterial contamination
during the injection. Additional measures,
e.g., sterile drapes and the use of a lid specu-
lum, have been associated with a decrease in
postoperative endophthalmitis in one study

[8].



3. The preparation of drugs and any modification
processes (e.g., separation from the solvent of
commercially available triamcinolone) have
to be performed under sterile conditions.

4. Patients at higher risk of endophthalmitis
(e.g., those post-filtering surgery, with immu-
nosuppression, with diabetes) have to be iden-
tified, informed about their increased risk and
monitored more closely.

5. Patients have to be informed about possible
signs and symptoms of endophthalmitis.

6. Patients should be provided with clear in-
structions and pathways of whom to contact
and where to be examined if symptoms or
signs of endophthalmitis develop.

7. Ophthalmologists performing intravitreal
injections should be familiar with the cur-
rent treatment recommendations for postop-
erative endophthalmitis and should be able to
perform an injection of intravitreal antibiotics
in cases of presumed infectious endophthal-
mitis. Any delay in initiation of treatment can
lower the chances of a successful treatment
outcome.

8. Patients with routine topical eye medications
(e.g., glaucoma drops or artificial tears) should
discard their old eye drop bottles and resume
with new bottles due to the possibility of bac-
terial contamination of old opened bottles.

Currently, it is unclear whether or not sched-
uled follow-up visits can lower the rate of dev-
astating outcomes in cases of infectious endo-
phthalmitis, e.g., by detecting clinical signs of
endophthalmitis before patients become symp-
tomatic and seek medical attention. The necessity
of follow-up visits, the extent of these examina-
tions, their frequency and timing would depend
on such information, and this would have a ma-
jor impact on the costs and logistics of routine
application of intravitreal drugs. No universally
accepted guidelines have been established on this
matter so far and recommendations regarding
postoperative follow-up examinations differ sig-
nificantly between studies and current guidelines
(Table 5.1).

In the three major trials published on intra-
vitreal anti- VEGF therapy, endophthalmitis rates
were between 0.006% and 0.16% per injection
and between 0.07% and 1.3% per patient [4, 8, 14,
29]. There were a total of 19 cases of presumed in-
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fectious endophthalmitis, with 11 out of 19 being
culture-positive. The most commonly isolated
organism was Staphylococcus aureus. In the Be-
vacizumab Safety Survey, 1 case of endophthal-
mitis in 5,228 patients with 7,113 injections has
been reported [10]. However, these data come
from a self-reporting survey with the potential of
under-reporting serious adverse events.
Post-injection endophthalmitis has been a

particular concern in conjunction with the in-
travitreal use of triamcinolone. In a review of
922 patients treated at different institutions with
intravitreal triamcinolone, 8 patients with in-
fectious endophthalmitis were identified, lead-
ing to an endophthalmitis rate of 0.87% [26]. In
contrast, Kreissig et al. observed only 1 case of
endophthalmitis following 759 injections (0.1%)
in 645 eyes (0.1%) [23]. There are differences
between infectious endophthalmitis following
intravitreal injection of triamcinolone and that
after anti-VEGF therapy or other intravitreally
applied drugs:

1. There seems to be a higher risk of infectious
endophthalmitis following triamcinolone in-
jection. This is likely to be due to the immu-
nosuppressive steroid effect of the drug. Also,
more patients at higher risk of endophthal-
mitis are usually included in the populations
treated with triamcinolone (e.g., those with
diabetes).

2. Severe pain associated with the onset of endo-
phthalmitis seems to be less common.

3. The clinical course is often prolonged, but
more foudroyant, and the rate of eyes with to-
tal visual loss, phthisis or enucleation may be
higher compared with other causes of infec-
tious post-injection endophthalmitis.

4. The spectrum of cultured organism shows a
greater variation of different bacterial species
causing endophthalmitis.

5. The histology of enucleated globes demon-
strates differences with regard to the morph-
ology of the inflammatory infiltrations, possi-
bly due to local variation in the triamcinolone
concentration and its immunosuppressive ef-
fects.

The current first-line treatment for infectious
endophthalmitis is intravitreal injection of anti-
biotics and/or pars plana vitrectomy in advanced
cases. The choice of antibiotic depends on the
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suspected organism. Usually, a broad spectrum
antibiotic is chosen because in most cases, ther-
apy has to be initiated before culture results are
available. Because the majority of cultured spe-
cies are gram-positive bacteria, vancomycin
(1 mg/0.1 ml) has been the most commonly
used agent. Cephalosporins, e.g., ceftazidime
(2.25mg/0.1 ml), cover some gram-negative
bacteria as well. Aminoglycosides, e.g., amika-
cin (0.4 mg/0.1 ml), have a broad gram-negative
coverage, but have been associated with retinal
toxicity [35].

Reported outcomes of endophthalmitis fol-
lowing intravitreal injections with pegaptanib
have been surprisingly good compared with post-
operative endophthalmitis of other etiology. In
the VISION trial, only 1 out of 12 cases of endo-
phthalmitis suffered a significant visual loss and
8 were within 10 letters of visual loss compared
with baseline [8]. In contrast, 5 out of 8 cases
with bacterial endophthalmitis following triam-
cinolone injection had a significant decrease in
visual acuity, with 3 eyes losing light perception
[26]. One of the reasons for the good outcomes
of endophthalmitis in the VISION trial might be
the intensified instructions and methodical fol-
low-up examinations of patients participating in
such well-conducted clinical trials. It underlines
the importance of these aspects to routine intra-
vitreal therapy in day-to-day practice.

Summary for the Clinician

B Infectious endophthalmitis following
intravitreal injections typically occurs
within the first week of injection.

B About two thirds of cases are culture-
positive, e.g., Staphylococcus aureus.

m Clinical signs are periocular pain, swell-
ing, redness, photophobia, decrease in
visual acuity.

B There is a good outcome in the majority
of cases when treated promptly.

B Treatment is with intravitreal injections
of antibiotics, e.g., vancomycin (1 mg/
0.1 ml) or ceftazidime (2.25 mg/0.1 ml).

5.2.2.15 Retinal Artery
and Vein Occlusion

Central retinal artery occlusions can be observed
in patients with an acute and extreme increase
in IOP immediately after the injection. It is an
unusual finding if a volume of 0.5 ml is injected.
In the VISION trial, 4 cases out of 7,545 injec-
tions were reported [8]. All cases resolved after
paracentesis without long-term complications.
Checking the visual acuity should be performed
immediately after the injection. Patients with cen-
tral retinal artery occlusion usually have no light
perception. Most current guidelines also recom-
mend performing ophthalmoscopy to check per-
fusion of the retinal artery after the injection.

Retinal artery or vein occlusions outside the
immediate postoperative course are even rarer.
One case of a central retinal artery occlusion has
been reported in the Bevacizumab Safety Survey
[10]. Single cases of retinal arterial emboli and
vein occlusion were reported by Heier et al. fol-
lowing ranibizumab injections [16]. No other
retinal vascular occlusion has been described
in the larger studies of anti-VEGF therapy. Few
cases of retinal vascular occlusion have been re-
ported following intravitreal injection of other
drugs, mainly antiviral agents [17]. Based on the
data currently available, there does not seem to
be an increased risk of retinal vascular disease
following intravitreal injections with the excep-
tion of acute central retinal artery occlusion dur-
ing or immediately after the injection.

5.2.2.16 Retinal Detachment

Surgical manipulations in the posterior segment
carry the risk of inducing retinal detachment or
its precursors. This is also true for intravitreal
injections, as they can lead to vitreous reflux
that might result in increased vitreous traction.
Furthermore, initiation of posterior vitreous de-
tachment might also be caused through repeated
surgical manipulations in the posterior segment
with low-grade inflammations. The injection of
gas, for example, induces posterior vitreous de-
tachment in a high number of cases [27]; this
is one of the major events preceding rhegmato-
genous retinal detachment.



Several cases of retinal detachment have been
seen after intravitreal anti-VEGF treatment.
However, the detachment rates were lower than
expected and no major differences from the con-
trol groups were seen. In the MARINA trial, no
retinal detachment and 2 retinal breaks were
found in 477 eyes with intravitreal Lucentis ther-
apy versus 1 detachment and no breaks in 236
eyes of the control group [29]. In the ANCHOR
trial, 1 detachment was seen in 277 treated eyes
as well as in 143 eyes of the control group treated
with photodynamic therapy [4]. In the VISION
trial, 4 cases of rhegmatogenous retinal detach-
ment were seen in the first year of follow-up of
892 patients, with an additional two detachments
in 374 patients during the second year; no de-
tachments were noted in the control group [8].
Three cases of retinal detachment were reported
in 5,228 summarized in the Bevacizumab Safety
Survey [10]. Jonas observed no cases of retinal
detachment in 348 patients treated with intravit-
real triamcinolone [21]. In summary, the risk of
the development of a retinal detachment seems
to be low with the drugs currently used for intra-
vitreal injections.

In contrast to the results of the studies of
anti-VEGF therapy and triamcinolone, a high
rate of 9.5% of patients with post-injection reti-
nal detachment (128 out of 1,344) was seen in
the controls as well as in the treatment group in
two trials on the intravitreal use of hyaluroni-
dase for vitreous hemorrhage [24]. However,
this is most likely due to the high incidence of
retinal detachment in the study population (pa-
tients with vitreous hemorrhage), including the
high number of tractional retinal detachments
in this cohort.

5.2.2.17 Acute Rise in Intraocular
Pressure

Intraocular injections will lead to a rise in the
IOP in relation to the injected volume. During
the injection, the rise in the IOP is related to the
force applied to the plunger and the diameter of
the needle. This is sometimes difficult to judge
and one case of globe rupture has been reported
following intraocular injection of triamcinolone
[34].
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Immediately following the injection of 0.1 ml,
IOP reaches 46 mmHg on average if no vitreous
reflux is noted. This will quickly return to the nor-
mal values within the first 30 min [3]. Between 3
and 24 h after injection, the IOP is comparable to
baseline values [9].

The injected volume of ranibizumab is
0.05 ml, bevacizumab is usually approximately
0.05 ml, and the volume of pegaptanib is 0.09 ml
of fluid. With this volume, IOP measurements
are on average 4-5 mmHg higher at 30 min post-
injection and 2-4 mmHg at 60 min compared
with the baseline [28, 29]. IOPs above 30 mmHg
were noted in up to 17% of patients after ranibi-
zumab injection [29]. The rate of paracentesis for
release of acutely elevated IOP in the VISION
trial was low (3% in the first year and 4% in the
second year) and seem to be possibly due to the
preferred practice pattern in a participating cen-
ter rather than a significantly elevated IOP [8].
In addition, pegaptanib is delivered through an
incorporated needle that is quite large, allowing
for the possibility of spontaneous reflux through
the needle track. To avoid major increases in IOP
during or immediately after the injection, care
must be taken to remove excess fluid or air from
the syringe and needle before injection and to
ensure that no additional resistance, e.g., block-
ing of the needle or plunger, is present before en-
tering the globe with the needle.

In addition to the purely volume-related in-
creases in IOP, relatively early and clinically
significant rises in IOP within the first week of
the injection of intravitreal triamcinolone have
been reported [31]. This could either be due to
an early steroid-associated effect of IOP rise or a
presumed blockade of the trabecular meshwork
outflow by triamcinolone crystals.

5.2.2.18 Ocular Hypertension
and Glaucoma

Sustained rises in IOP following intravitreal in-
jections can either be due to a pharmacological
effect of the injected agent or vehicle, structural
changes within the globe following the injections,
secondary effects of singular or repetitive intraoc-
ular inflammations after one or more injections,
or an aging process independent of the treatment
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performed. The data currently available demon-

strate that only drug-related effects seem to play

a significant role and that a sustained rise in IOP

is almost exclusively associated with triamcino-

lone injections.

Regarding anti-VEGF therapy, data of three
major prospective randomized trials with a fol-
low-up of up to 2 years are available [4, 8, 14,
29]. IOP rises have specifically been addressed
in these studies. No significant differences in
sustained rises in IOP were seen compared with
control groups, and no pressure-lowering sur-
gical interventions have been reported. In the
Bevacizumab Safety Survey, no cases of ocular
hypertension or secondary glaucoma were iden-
tified [10].

The induction of secondary ocular hyperten-
sion after intravitreal triamcinolone injection has
been well documented. In summary, the follow-
ing observations can be made [21]:

1. A sustained rise in IOP can be observed in
about 40% of treated patients.

2. About 9% will have IOPs above 30 mmHg.

3. About 1% of patients will have insufficient
lowering of IOP with medical treatment and
will have to undergo glaucoma surgery.

4. Following a first injection, a comparable re-
action and rise in IOP can be expected with
repeated injections.

5. Inmost cases, increased IOP values can be de-
tected about 1 week after the injection, with a
peak incidence between 1 and 2 months.

6. The duration of the pressure increase seems
to be dose-dependent (about 3-4 months
with 4 mg and about 7-9 months with 20-
25 mg).

7. Higher doses of injected triamcinolone do
not cause greater elevation of IOP, but pro-
longed pressure elevation.

8. Pre-existing glaucoma or ocular hyperten-
sion does not seem to increase the risk of in-
creased pressure.

9. Younger patients seem to have a higher rate
of secondary ocular hypertension.

10. There does not seem to be any significant dif-
ference in the responses to various groups of
glaucoma medications.

Summary for the Clinician

B Perioperative complications include
conjunctival hemorrhage (20-40%),
pain (30%), punctate keratitis (30%),
vitreous reflux (20%), vitreous floaters
(20%), traumatic cataract (<1%), a rise
in IOP (average IOP 46 mmHg if 0.1 ml
is injected), and central retinal artery oc-
clusion (<1%).

B Postoperative complications include in-
traocular inflammation (20%), cataract
progression (7-26% within first year),
endophthalmitis (0.15% per injection,
1% in patients with multiple injections),
and retinal detachment (<1%).

m Complications associated with intravit-
real triamcinolone injections include a
higher rate of cataract progression (20-
45% within the first year), ocular hyper-
tension (about 40% of all patients, about
1% requiring filtration surgery), “pseu-
do-endophthalmitis” (suspected im-
mune reaction to vehicle or drug, <1%),
and a possibly higher rate of infectious
endophthalmitis (0.8% per injection).

5.3 Surgical Technique

for Intravitreal Injection

Intravitreal injections are relatively straightfor-
ward intraocular procedures with a low rate of
severe ocular side effects. However, based on
treatment strategies that are currently are trans-
ferred into daily practice, the number of patients
who will receive up to 12 intravitreal injections
per year over the next few years is likely to in-
crease exponentially—and with it the number
of severe adverse ocular events. Because patient
safety is a key issue in all surgical interventions,
it is therefore necessary to incorporate this ex-
pected high number of future patients into the
daily routine of operating theaters and outpatient
clinics with acceptable safety standards.

Many recommendations regarding several
aspects of the procedure are not evidence-based.
Some parts can be transferred from studies and
practice patterns of routine cataract surgery.



Other features have been conceived from re-
cently conducted and published studies. In most
cases, guidelines represent a consensus statement
of authorities in the field.

5.3.1 Guidelines and Preferred
Practice Survey

The synopsis of three major guidelines is dis-
played in Table 5.3. The consensus statement
of mainly US-based retinal specialists was pub-
lished in Retina in 2004 and is based on a review
of more than 15,000 injections [1, 17]. The rec-
ommendations of the German Ophthalmologi-
cal Society, the Retinological Society, and the
Association of Ophthalmologists in Germany
was published in 2005 [18]. The guidelines of
the Royal College of Ophthalmologists became
available on the internet in 2006 (http://www.
rcophth.ac.uk/). The display of guidelines is ac-
companied by a survey of the preferred practice
patterns for intravitreal triamcinolone injections
of 562 ophthalmologists performing intravitreal
injections in the UK in 2004 [2].

5.3.2 Preoperative Assessment
and Preparation

5.3.2.1 Concomitant Eye Diseases

Bacterial infections of the anterior segment and
ocular adnexa increase the risk of endophthalmi-
tis and should be treated before performing an
intravitreal injection. Patients with glaucoma-
tous diseases should have adequately controlled
IOP before injection. Although the risks and the
amount of postoperative rises in IOP is higher
for patients with glaucoma, it is not seen as a con-
traindication for intravitreal injections including
triamcinolone. The value of a pre-injection provo-
cation test with steroid eye drops is questionable
and this is usually not performed.

5.3.2.2 Preoperative Assessment

A thorough preoperative assessment including
funduscopy should be performed before any in-

5.3 Surgical Technique for Intravitreal Injection

travitreal injection to confirm the need for the in-
jection and to rule out possible contraindications
or to detect conditions that might complicate the
injection, e.g., retinal detachment, vitreous hem-
orrhage or increased IOP. Measurement of the
IOP immediately before the injection is recom-
mended by the Royal College guidelines.

5.3.2.3 Preoperative Medication

The value of preoperative topical antibiotics to
reduce the number of bacteria on the ocular sur-
face is a point of debate. It has been optional in
some of the major trials of anti-VEGF therapy
and is sometimes advocated in patients with a
presumed allergy to iodine. The disadvantage
of the uncritical application of broad-spectrum
antibiotics is the induction of resistance of bacte-
ria to antibiotic treatment. There seems to be no
advantage of topical antibiotics over disinfection
with povidone-iodine. In the guidelines, the use
of preoperative antibiotics is optional.

5.3.2.4 Location

In the USA the vast majority of injections are
given in the outpatient clinic. The German guide-
lines recommend performing the injection in an
operating theater according to the standards for
day-case surgical interventions. The Royal Col-
lege guidelines recommend alternatively a dedi-
cated room in the outpatient department. The
preferred practice pattern survey showed that the
majority of injections in the UK were carried out
in operating theaters.

5.3.2.5 Preparation of the Eye
and Ocular Adnexa

The standard for preoperative disinfection of the
ocular surface and eyelids is povidone-iodine 5%
and 10% (skin). A forceful scrubbing of the lid
margins is not recommended to avoid expres-
sion of bacteria from the lid glands. Pupillary
dilatation is recommended by all guidelines in all
routine cases except for those with contraindica-
tions. Although subconjunctival anesthesia has
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been used in some of the major studies, standard
practice is topical anesthesia with eye-drops with
or without a pledget. Paracentesis before injec-
tion is not recommended unless higher volumes
are injected (=0.2 ml).

5.3.2.6 Preparation of the Surgeon

A hand-wash and disinfection according to rou-
tine standards for surgical interventions as well
as wearing of surgical gloves are recommended
as per universal precautions. However, surgical
gowns or face masks are not worn in the majority
of centers.

5.3.2.7 Preparation of the Drug

Most drugs for intravitreal injections are provided
in syringe and needle packets ready for injection.
When the injectable volume is drawn from larger
vials (e.g., bevacizumab or triamcinolone), ster-
ile conditions have to be ensured throughout the
preparation of the drug. Removal of the solvent
before triamcinolone injections has been associ-
ated with a lower rate of intraocular inflammation
and is recommended by the German guidelines.

5.3.3 Injection

5.3.3.1 Syringe and Needle

Twenty-seven or 30-gauge needles measuring
between 12.7 and 15.75 mm long are usually rec-
ommended. In every case, air within the syringe
and needle should be removed before the injec-
tion. Testing that no major resistance is present
(e.g., clogging of the needle with triamcinolone
crystals or the rigid plunger of the syringe) before
injection is also recommended. When injecting
triamcinolone it is helpful to have a syringe with
a Luer lock, so that the needle does not become
detached from the syringe during injection.

5.3.3.2 Position of the Injection

The injection should be positioned between 3.0
and 4.0 mm posterior to the limbus, depending on

the lens status. Usually, the first injection is per-
formed temporally and inferiorly. In most cases
of repeated injections, previous injection sites
are avoided because of fibrotic reactions in this
area. The exact position of an injection should be
noted within the patient’s notes. However, given
the need for monthly injections for some medica-
tions it will be virtually impossible to avoid a site
inferiorly that has not been injected before.

5.3.3.3 Entry Path

The German guidelines recommend pulling the
conjunctiva over the entry site in order to achieve
a step-like entry path and to lower the risk of vit-
reous reflux. Usually, a straight needle path, point-
ing at the center of the eyeball is reccommended.
With relatively large needles that sometimes are
pre-installed from the manufacturer and cannot
be exchanged, a slightly angled scleral entry path
is needed in order to avoid vitreous reflux.

5.3.3.4 Advancement of Needle
and Injection

The needle should be advanced 6-7 mm toward
the center of the eyeball to avoid injection along
the anterior vitreous surface. Checking the posi-
tion of the needle tip with indirect ophthalmos-
copy or with the operating microscope is not
recommended because these manipulations may
increase the risk of unintentional movements of
the needle tip and iatrogenic trauma. The injec-
tion should be carried out in one slow but steady
movement. Caution should be used if increased
resistance is felt at the beginning or during the
injection. The needle should be withdrawn in one
movement with a cotton applicator covering the
injection site and replacing the conjunctiva in or-
der to avoid vitreous reflux and a vitreous wick.

5.3.4 Postoperative Assessment
5.3.4.1 Assessment Immediately
Following the Injection

Immediately after the injection, the visual func-
tion (hand movements and light perception)



should be checked. In addition, funduscopy
should be performed to rule out central retinal
artery occlusion, retinal detachment or vitreous
hemorrhage. If central retinal artery occlusion
is present and does not resolve spontaneously
within the first few minutes, paracentesis should
be performed. Paracentesis is not recommended
routinely. The IOP should be checked within
the first 60 min of injection. The Royal College
guidelines also recommend a slit-lamp examina-
tion following the injection.

5.3.4.2 Topical Therapy

The value of postoperative topical antibiotics is
debatable and recommendations vary among
the different guidelines. Again, the reduction in
number of bacteria on the ocular surface has to
be measured against the relatively low incidence
of endophthalmitis when appropriate standards
for the injection are used and the definite induc-
tion of resistance to antibiotics by routine appli-
cation of broad-spectrum antibiotics. Recom-
mendations concerning the type of drug to be
used also vary.

Summary for the Clinician

B Exclude patients with suspected bacte-
rial infections of the anterior segment
(e.g. blepharitis, conjunctivitis).

B Provide a designated treatment room or
operating theater.

B Use preoperative antisepsis with 10%

povidone-iodine (lids) and 5% povi-

done-iodine (conjunctiva).

Carry out hand disinfection and wear

gloves.

Use a sterile drape and lid speculum.

Use preoperative mydriatics.

Use topical anesthesia.

Use a 27- or 30-gauge cannula.

Ensure the injection site is 3.5-4.0 mm

from the limbus, preferably in the tem-

poral inferior quadrant.

Carry out conjunctival shift.

Ensure needle advancement of 6-7 mm.

B Carry out moderately slow injection.

5.3 Surgical Technique for Intravitreal Injection

Summary for the Clinician

B Check vision and assess central retinal
artery perfusion immediately post-injec-
tion.

B Perform paracentesis only if the central
retinal artery is occluded.

B Carry out an IOP check within 30-
60 min.

B Administer
3 days.

topical antibiotics for

5.3.4.3 Follow-up Examinations

There is some variation regarding the necessity
of follow-up examinations. In addition, regional
variations in the availability of such examinations
also play a role. The German guidelines advocate
a full examination on the first day after the injec-
tion. Since most cases of endophthalmitis occur
several days after injection, examination 1 day
post-injection may miss a true infection. The US
consensus statement recommends (telephone-
based) contact between the patient and the
treating institution. In any case, patients should
be well informed about possible symptoms and
signs of severe ocular events, e.g., pain, decrease
in vision, inflammation and photophobia, and
the means of contact and emergency treatment
should such situations arise.

References

1. Aiello LP, Brucker AJ, Chang S et al (2004) Evolv-
ing guidelines for intravitreous injections. Retina
2004;24 [5 Suppl]:S3-19

2. Anijeet DR, Hanson R], Bhagey J et al (2006) Na-
tional survey of the technique of intravitreal tri-
amcinolone injection in the United Kingdom. Eye
(in press)

3.  Benz MS, Albini TA, Holz ER et al (2006) Short-
term course of intraocular pressure after intravit-
real injection of triamcinolone acetonide. Oph-
thalmology 2006;113(7):1174-1178

4. Brown DM, Kaiser PK, Michels M et al (2006)
Ranibizumab versus verteporfin for neovascular
age-related macular degeneration. N Engl ] Med
355(14):1432-1444

85



86

Intravitreal Injections: Techniques and Sequelae

10.

11.

12.

13.

14.

Chen SD, Mohammed Q, Bowling B et al (2004)
Vitreous wick syndrome—a potential cause of en-
dophthalmitis after intravitreal injection of triam-
cinolone through the pars plana. Am J Ophthal-
mol 137(6):1159-1160; author reply 1160-1161
Chen SN, Yang TC, Ho CL et al (2003) Retinal
toxicity of intravitreal tissue plasminogen activa-
tor: case report and literature review. Ophthal-
mology 110(4):704-708

Costa RA, Jorge R, Calucci D et al (2006) Intravit-
real bevacizumab for choroidal neovasculariza-
tion caused by AMD (IBeNA Study): results of a
phase 1 dose-escalation study. Invest Ophthalmol
Vis Sci 47(10):4569-4578

DAmico DJ, Patel M, Adamis AP et al (2006)
Pegaptanib sodium for neovascular age-related
macular degeneration: two-year safety results of
the two prospective, multicenter, controlled clini-
cal trials. Ophthalmology 113(6): 992-1001.e6
Dwinger MC, Pieper-Bodeewes I, Eter N et al
(2005) [Variations in intraocular pressure (IOP)
and necessity for paracentesis following intravit-
real triamcinolone injection]. Klin Monatsbl Au-
genheilkd 222(8):638-642

Fung AE, Rosenfeld PJ, Reichel E (2006) The In-
ternational Intravitreal Bevacizumab Safety Sur-
vey: using the internet to assess drug safety world-
wide. Br ] Ophthalmol 90(11):1344-1349

Gillies MC, Kuzniarz M, CraigJ et al (2005) Intra-
vitreal triamcinolone-induced elevated intraocu-
lar pressure is associated with the development of
posterior subcapsular cataract. Ophthalmology
112(1):139-143

Gillies MC, Sutter FK, Simpson JM et al (2006)
Intravitreal triamcinolone for refractory diabetic
macular edema: two-year results of a double-
masked, placebo-controlled, randomized clinical
trial. Ophthalmology 113(9):1533-1538

Gills JP, Gills P (2005) Effect of intracameral
triamcinolone to control inflammation follow-
ing cataract surgery. J Cataract Refract Surg
31(8):1670-1671

Gragoudas ES, Adamis AP, Cunningham ET
Jr et al (2004) Pegaptanib for neovascular age-
related macular degeneration. N Engl ] Med
351(27):2805-2816

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Gupta R, Negi A, Vernon SA (2005) Severe sub
conjunctival haemorrhage following intravitreal
triamcinolone for refractory diabetic oedema.
Eye 19(5):590-591

Heier JS, Antoszyk AN, Pavan PR et al (2006)
Ranibizumab for treatment of neovascular age-
related macular degeneration: a phase I/II multi-
center, controlled, multidose study. Ophthalmol-
ogy 113(4):633-642.e4

Jager RD, Aiello LP, Patel SC et al (2004) Risks of
intravitreous injection: a comprehensive review.
Retina 24(5):676-698

Jaissle GB, Szurman P, Bartz-Schmidt KU (2005)
[Recommendation for the implementation of in-
travitreal injections—statement of the German
Retina Society, the German Society of Ophthal-
mology (DOG) and the German Professional
Association of Ophthalmologists (BVA)]. Klin
Monatsbl Augenheilkd 222(5):390-395

Jalil A, Chaudhry NL, Gandhi JS et al (2007)
Inadvertent injection of triamcinolone into the
crystalline lens. Eye 21(1):152-154

Jobling AI, Augusteyn RC (2002) What causes
steroid cataracts? A review of steroid-induced
posterior subcapsular cataracts. Clin Exp Optom
85(2):61-75

Jonas JB, Kreissig I, Degenring R (2005) Intra-
vitreal triamcinolone acetonide for treatment of
intraocular proliferative, exudative, and neovas-
cular diseases. Prog Retin Eye Res 24(5):587-611
Kaderli B, Avci R (2006) Comparison of topical
and subconjunctival anesthesia in intravitreal
injection administrations. Eur ] Ophthalmol
16(5):718-721

Kreissig I, Degenring RF, Jonas JB (2006) [Intra-
vitreal triamcinolone acetonide. Complication of
infectious and sterile endophthalmitis]. Ophthal-
mologe 103(1):30-34

Kuppermann BD, Thomas EL, de Smet MD et
al (2005) Safety results of two phase III trials
of an intravitreous injection of highly purified
ovine hyaluronidase (Vitrase) for the manage-
ment of vitreous hemorrhage. Am J Ophthalmol
140(4):585-597

MichelsS(2006) Isintravitreal bevacizumab (Avas-
tin) safe? Br ] Ophthalmol 90(11):1333-1334



26.

27.

28.

29.

30.

Moshfeghi DM, Kaiser PK, Scott IU et al (2003)
Acute endophthalmitis following intravitreal tri-
amcinolone acetonide injection. Am J Ophthal-
mol 136(5):791-796

Ochoa-Contreras D, Delsol-Coronado L, Buit-
rago ME et al (2000) Induced posterior vitreous
detachment by intravitreal sulfur hexafluoride
(SF6) injection in patients with nonproliferative
diabetic retinopathy. Acta Ophthalmol Scand
78(6):687-688

Rosenfeld PJ, Schwartz SD, Blumenkranz MS et
al (2005) Maximum tolerated dose of a human-
ized anti-vascular endothelial growth factor
antibody fragment for treating neovascular age-
related macular degeneration. Ophthalmology
112(6):1048-1053

Rosenfeld PJ, Brown DM, Heier JS et al (2006)
Ranibizumab for neovascular age-related macular
degeneration. N Engl ] Med 355(14):1419-1431
Roth DB, Scott IU, Gulati N et al (2006) Patient
perceptions of discomfort and changes in vision
and functional status associated with intravit-
real triamcinolone injection. Am J Ophthalmol
142(3):492-494

31.

32.

33.

34.

35.

36.

References

Singh IP, Ahmad SI, Yeh D et al (2004) Early rapid
rise in intraocular pressure after intravitreal tri-
amcinolone acetonide injection. Am ] Ophthal-
mol 138(2):286-287

Szurman P, Kaczmarek R, Spitzer MS et al (2006)
Differential toxic effect of dissolved triamcino-
lone and its crystalline deposits on cultured hu-
man retinal pigment epithelium (ARPE19) cells.
Exp Eye Res 83(3):584-592

Thompson JT (2006) Cataract formation and
other complications of intravitreal triamcino-
lone for macular edema. Am ] Ophthalmol
141(4):629-637

Ung T, Williams CP, Canning CR (2006) Globe
rupture as a complication of intravitreal injection
of triamcinolone. Eye (in press)

Widmer S, Helbig H (2006) Presumed macular
toxicity of intravitreal antibiotics. Klin Monatsbl
Augenheilkd 223(5):456-458

Yu SY, Damico FM, Viola F et al (2006) Retinal
toxicity of intravitreal triamcinolone acetonide: a
morphological study. Retina 26(5):531-536

87



Combination Therapies
for Choroidal

Neovascularization

Core Messages

B Choroidal neovascularization (CNV) is

a tissue invasion of more than just blood
vessels, there is also infiltration with in-
flammatory cells, myofibroblasts, fibro-
cytes, and glial cells.

A two-component model of CNV is
thought to be composed of a vascular
component and an extravascular com-
ponent. Macular damage is potentially
possible through the actions of either
component.

The vascular component arises through
the orchestrated interaction of a number
of growth factors, the most important
being vascular endothelial growth factor
(VEGF). Platelet-derived growth factor
is important for maintaining pericyte vi-
ability.

The vascular component of CNV can
be selectively targeted with antiangio-
genic agents such as anti-VEGF and
anti-PEDF (pigment epithelial-derived
factor) drugs. Other growth factors are
more difficult to selectively target at
present because of the lack of suitable
pharmacologic agents. The vascular
component may be nonselectively tar-
geted through the use of corticosteroids
or photodynamic therapy (PDT).

B The extravascular component can be

targeted in a nonselective manner with
corticosteroids. Selective targeting of tu-
mor necrosis factor (TNF) a is possible
through anti-TNF biologics.

Given the redundancy and complex
interaction among biologic systems in-
volved in the production of CNV, it is
likely that a monotherapeutic approach
will not be as successful as a combined
use of multiple agents in improving pa-
tient outcomes.

The combined use of PDT and intravit-
real triamcinolone appears to be better
than the use of PDT alone, although
there is a much greater risk of side-ef-
fects.

Combinatorial use of additional agents is
currently being investigated. Because of
the very promising results of anti-VEGF
antibody and antibody fragment stud-
ies, these drugs form the cornerstone of
most combination studies at present.
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6.1 Introduction

Choroidal neovascularization (CNV) is a process
occurring in age-related macular degeneration
(AMD) leading to severe loss of visual function.
The name of the disease is derived from its fluo-
rescein angiographic appearance in which hyper-
fluorescence related to the abnormal accumula-
tion of vessels can be seen. By histopathologic
examination CNV looks more like granulation
tissue, with the invasion not only of blood ves-
sels, but also of inflammatory cells and mesen-
chymal cells (Fig. 6.1). The vascular foundation
is not inappropriate, however, because several of
the most important attributes of CN'V are related
to vessels, namely bleeding and leakage. Inhibi-
tion of blood vessels offers the possibility of not
only decreasing the damage caused by bleeding
and leakage, but also secondarily decreasing the
invasion of other cell types that may induce dam-
age through inflammation or scarring.
Angiogenesis is a process honed through
millions of years of evolution to be a complex
multistage process requiring orchestrated inter-
actions among pro- and anti-angiogenic stimuli,
cells, proteases, and rheologic factors. As in any
important biological process there are feedback
and control mechanisms with built-in redun-
dancies to modulate the complex interaction
among a variety of entities. Selective targeting

Fig. 6.1

Choroidal neovascularization secondary to
age-related macular degeneration is a tissue invasion of
a multitude of cells, many of which are inflammatory.
The actual vascular component is a small minority of
the lesion and grows in with, and to an extent because
of, the extravascular component. (Photograph cour-
tesy of Hans Grossniklaus, MD)

offers the easiest, most direct route to trying to
control pathologic processes, but redundancies
in these processes often means a single agent will
not completely reverse or inhibit any complex
pathologic response. Combinatorial approaches
to disease treatment offer several theoretical ad-
vantages over monotherapeutic targeting. Be-
cause of redundancies in biologic processes such
as angiogenesis, targeting of more than one effec-
tor may be necessary. Combinatorial approaches
also allow targeting of more than one component
of a disease process at a time; angiogenesis, scar-
ring, and inflammation may be targeted simulta-
neously. Combination approaches may increase
the overall efficacy while decreasing the potential
for side-effects. Each individual part of a combi-
nation therapy may contribute to overall efficacy,
but because each drug may be used in relatively
low doses and may have side-effect profiles that
do not overlap, the cumulative side-effect inci-
dence and severity profile may be reduced for any
given level of efficacy compared with high-dose
single agent use. With more therapeutic modali-
ties being developed there are an ever-increasing
number of treatment permutations possible. A
rational concept for treating CNV through com-
bination therapies involves addressing known
pathophysiologic aspects of the disease with
available and potential future tools that can be
developed [82]. This chapter reviews angiogen-
esis, the pathobiology of CNV, the potential tar-
gets of therapy, and provides a conceptual frame-
work for combination therapies.

6.2 Angiogenesis

Angiogenic stimuli, particularly vascular endo-
thelial growth factor-A (VEGF-A), activate vas-
cular endothelial cells and lead to the formation
of gaps between endothelial cells of the capillary
wall [22, 74]. The capillary wall becomes more
permeable allowing plasma proteins, such as
fibrinogen, to extravasate leading to the forma-
tion of a provisional matrix to support the newly
growing vessel. The endothelial cells form a bud
and the advancing edge of the bud expresses in-
tegrins and matrix metalloproteinases to help the
endothelial cells degrade the extracellular ma-
trix [79]. The advancing cells move away from



the pre-existing vessel toward the angiogenic
stimulus. The endothelial cells in the vascular
sprout proliferate, and additional cells, circulat-
ing endothelial progenitor cells, which are bone
marrow-derived precursors that home to sites
of angiogenesis, take up a vascular endothelial
cell phenotype, and contribute to vessel forma-
tion [8, 53]. Lumen formation and anastomotic
connection between neighboring sprouts lead
to capillary loops. At this stage the cells form a
thin-walled pericyte-poor vessel. Recruitment
and differentiation of mural cell precursors oc-
cur and these cells in turn support the vascular
endothelial cells through mechanisms that can
include paracrine secretion of growth factors [1,
20, 39]. Blocking VEGF inhibits endothelial cell
proliferation in the early stages of angiogenesis.
Inflammatory cells are frequently seen in and
around areas of angiogenesis in adults.

6.2.1 Development of CNV

In the development of CNV the process of an-
giogenesis appears to be somewhat more com-
plicated. Gathering information about the angio-
genic stimuli in CNV is difficult because of the
lack of appropriate animal models. Information
about VEGF levels and CNV in humans is sur-
prisingly limited, and information about other
cytokines is even sparser. The formation of blood
vessels seems to occur only if the forces stimu-
lating vessel growth outweighed those inhibiting
vessel growth. Vascular growth, particularly in
CNV, appears to be influenced by both stimu-
latory and inhibitory modulators. Increased
levels of VEGF alone do not appear to be suffi-
cient to cause CNV [69]. One cytokine that has
the potential to inhibit angiogenesis is pigment
epithelial-derived factor (PEDF). Decreased
levels of PEDF appear to be permissive for the
growth of vessels in CNV [11]. High levels of
PEDE, though, paradoxically may increase the
growth of CNV [5]. Inhibition of the receptor 1
for VEGF (VEGFR-1) decreases PEDF produc-
tion and secretion [68]. VEGF downregulates
PEDF expression and PEDF appears to compete
with VEGF for binding to VEGFR-2 [91]. Curi-
ously, many studies have shown an increase in
both factors in ocular angiogenesis [21, 54, 58,

6.2 Angiogenesis

61, 66]. Other studies have shown a decrease in
PEDF in ocular neovascularization [11, 40], with
the exception of disciform scars [11]. The ratio
between VEGF and PEDF is probably important
in the development of CNV, but it is clear that the
tissue effects are not simply proportional to the
linear ratio between the two.

6.2.2 Cancer and Angiogenesis

Much of what we know about angiogenesis was
gained from studying cancer. The treatment of
cancer first relied on extrication, then on at-
tempts to selectively inhibit or attack the can-
cer cells directly with radiation or drugs. Later
realization that cancer was a tissue growth that
often included supportive and nutritive compo-
nents offered expanded treatment opportunities.
Preventing or limiting tumor vasculature growth
may limit the growth potential of the cancer as
well. Cancer cells grow, and to grow they recruit
new vessels to supply these metabolic demands.
Inhibition of vascularization through monoclo-
nal antibodies directed against VEGF was earlier
shown to limit the growth of human tumor xe-
nografts in animals [49]. Further advancement
of this approach led to the development of be-
vacizumab (Avastin; Genentech, South San Fran-
cisco, CA, USA), a monoclonal antibody directed
against VEGF [28].

An early clinical trial examining the effects
of bevacizumab in breast cancer patients already
under chemotherapy showed no prolongation of
life [63]. However, patients with advanced colon
cancer being treated with chemotherapy showed
a statistically significant prolongation of life from
a mean of 15.6 months to 20.3 months with the
addition of bevacizumab [42]. The difference in
the response between breast and colon cancer
has been attributed, in part, to different angio-
genic proteins produced by the tumors. In breast
cancer multiple angiogenesis mediators are ex-
pressed including VEGE, fibroblast growth fac-
tor, placental growth factor, transforming growth
factor B and the proportion of these mediators
may shift with the stage of the cancer [60, 73].
Colon cancer, a more aggressive tumor, may rely
predominantly on VEGF for angiogenesis. Be-
cause it appears that angiogenic pathways are
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more numerous and redundant as breast cancer
progresses a later study of patients with previ-
ously untreated breast cancer was performed
[36]. Those patients treated with a combination
of bevacizumab and paclitaxel had an increase
in response rate (28%) compared with paclitaxel
alone (14%), but most patients did not respond.
Early results of anti-VEGF treatment for cancer
suggest that incremental improvement may be
possible for some types of cancer at certain stages
in development, and only when used in combi-
nation with chemotherapeutic agents.
Angiogenesis arises from multiple stimuli,
and blocking only one molecule may not be
enough to satisfactorily inhibit vascular devel-
opment [73]. The combined targeting of angio-
genesis is generating interest in cancer therapy.
The response of vessels to antiangiogenic treat-
ment is dependent on the maturity of the vessels.
Withdrawal or the blocking of VEGF can cause
regression of new vessels particularly if they do
not have periendothelial support cells such as
pericytes or smooth muscle cells [10, 23]. Block-
ing VEGF/VEGFR-2 signaling did not cause
vascular regression in a C6 tumor angiogenesis
model among vessels with pericytes, apparently
because of Ang-1/Tie2 signaling between the
pericytes and the endothelial cells [23]. Simul-
taneous targeting of pericytes by blocking the
platelet-derived growth factor receptor and en-
dothelial cells by blocking the VEGFR-2 recep-
tor caused vascular regression in the newly de-
veloped tumor vessels [23]. This simultaneous
blockade did not have an effect on the normal
vessels of the host tissue, indicating that newly
developed vessels have a plasticity not found in
older, established vessels. VEGF inhibition in
spontaneous RIP-Tag2 tumors and implanted
Lewis lung carcinomas in mice caused regression
of vascular endothelial cells and the vessels were
less tortuous, more uniform in caliber, and had
fewer branches and sprouts [55]. Histopathologi-
cal examination showed empty sleeves of base-
ment membrane, reduced numbers of pericytes
and altered pericyte phenotype. Restoration of
VEGF resulted in a rapid regrowth of the re-
gressed vessels such that by 7 days the vessels
were fully regrown, the regrowth occurred into
the previously empty basement membrane tubes,

and the pericyte phenotype returned to baseline
[55]. These results suggest that the remnants of
the vascular system left after VEGF inhibition act
as scaffolding for the regrowth of vessels.

Summary for the Clinician

B Angiogenesis is a complex process with
redundancies, as would be expected for a
process central to development, growth,
and survival.

B Growth of vessels requires actions of
many effectors, including growth fac-
tors, integrins, and matrix metallopro-
teinases.

B The main mediator for angiogenesis
is VEGF-A, which stimulates vascular
leakage and vascular endothelial cell
proliferation. Thin-walled tubes of vas-
cular endothelial cells are formed. These
initial steps of angiogenesis are very sen-
sitive to VEGF withdrawal.

B After capillary tubes form, they be-
come enveloped by pericytes, which of-
fer structural support and also secrete
growth factors to maintain the vessel.
Withdrawal of VEGF at this stage is less
successful in causing vascular regres-
sion.

B Inhibition of PDGF can cause pericyte
regression, which when used with VEGF
inhibition can cause vascular regression.

6.3 Normalization of Tumor
Vasculature

Intense angiogenesis leads to the production of
early vessels that are not graceful filigrees with
the sequential hierarchy of arterioles, capillaries,
and venules; instead, there is a plexus of loops,
shunts, and saccular dilations. Leakage from
these vessel walls is thought to increase tissue
hydrostatic pressure, which may alter blood flow
through the vascular network [16]. The hetero-
geneous blood flow distribution from shunts and
hydrostatic pressure potentially results in regions




where there is inadequate delivery of O, and
metabolites in the tumor. Antiangiogenic treat-
ment prunes the more immature, poorly formed
vessels from the vascular complexes. This leaves
vessels that adopt a more normal-appearing
phenotype in a process called vascular normal-
ization (Fig. 6.2) [44]. Normal vasculature has a
hierarchical arrangement of arteries, arterioles,
capillaries, and venules. The proangiogenic and
antiangiogenic stimuli are in balance, maintain-
ing a given degree of blood vessel density. With
intense pro-angiogenic stimuli the vessels form
loops, shunts, and gross dilations of vessels as-
sociated with leakage and increased tissue hydro-
static pressure. Antiangiogenic treatment, such as
with VEGF withdrawal, leads to pruning of some
of the most recent vessel growth, less tortuos-
ity, and decreased leakage and tissue hydrostatic
pressure. More profound levels of antiangiogenic
treatment can lead to pronounced regression of
the vessels, producing tissue ischemia. In this
situation the perfusion is inadequate to maintain
the associated tissue, resulting in regression of
the cancer cells. In a similar manner CNV has
the exuberant growth of vessels that appear to be
pruned back to an extent, but not eliminated by
current antiangiogenic treatments. This probably
leads to normalization of the vessels within the
CNV complex. More complete regression of the
CNV vessels may be expected to cause regression
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or death of the extravascular component. Because
of improved flow characteristics in the normal-
ized vasculature after antiangiogenic treatment
there may be a net improvement in the circula-
tion within tumors [88]. In an editorial discuss-
ing the results of bevacizumab in the treatment
of colon cancer the possibility was raised that the
increased survival rates could have been due to
the normalization of blood flow, which resulted
in improved delivery of chemotherapeutic agents
rather than more direct antiangiogenically in-
duced tumor regression [62].

Summary for the Clinician

m Inhibition of intense pro-angiogenic
stimuli causes a reduction in more ab-
normal-appearing vascular loops and
shunts, and also decreases vascular leak-
age from areas of new vessel growth.
This causes the vessels to adopt a more
normal appearance.

B Vascular normalization probably occurs
with anti-VEGF treatment of CNV—the
vessels may not be that evident by fluo-
rescein angiography, but they are prob-
ably still there.

Ischemic

Pro Anti Pro

Fig.6.2 Proposed role of vascular normalization within tumors in response to antiangiogenic treatment.

(Figure modified from that in [44])
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6.4 Two-Component Model of CNV

The constituents of cancer can be thought of as
two principle components, tumor cells and vas-
cular cells. Treatment of both components may
have an improved effect compared with treat-
ment with one component alone [2, 30]. It has
been proposed that CNV can be considered a
two-component system [82]. Histopathologic
evaluation shows that CNV is really a tissue in-
vasion of vascular cells and extravascular cells
(Fig. 6.1) [32, 33]. The vascular component
comprises endothelial cells, circulating endothe-
lial progenitor cells, and pericytes. Invading ex-
travascular cells include inflammatory cells such
as macrophages, lymphocytes, granulocytes, for-
eign body giant cells, and also fibrocytes, myofi-
broblasts, retinal pigment epithelial (RPE) cells,
and glial cells [26, 33, 48, 86]. Growth of vessels
in pathologic conditions occurs because cells or
tissues help recruit vessels to grow; the vessels
do not stimulate themselves to grow. In CNV
the amount of VEGF expressed is proportional
to the number of inflammatory cells present
and VEGF in CNV colocalizes with the inflam-
matory cells [33, 67]. VEGF in turn can induce
expression of cellular adhesion molecules in ves-
sels, and may participate in recruiting macro-
phages [19]. In CNV specimens the RPE cells ex-
pressed monocyte chemotactic protein (MCP),
a cytokine involved in macrophage recruitment
[33]. Depletion of monocyte cell lines inhibits
the formation of CNV in experimental animal
models [25]. Thus, self-reinforcing processes
appear to be taking place in the initial steps of
CNV. The outer retina has a physiologic hypoxia
that may be a further stimulus for invading cells
to produce angiogenic stimuli [4, 81]. Over time,
CNV produces vascular invasion, proliferation,
matrix formation with or without hemorrhage,
remodeling of the tissue, and eventual vascular
regression in involutional lesions [81]. This ob-
served pattern strongly suggests a wound heal-
ing response instead of the growth of vessels in
response to ischemia alone, where the invading
vessels would recapitulate the organization of the
choriocapillaris [32, 46, 81]. Both the vascular
and extravascular components have the poten-
tial for inducing tissue damage independently
and in concert.

Summary for the Clinician

B Choroidal neovascularization is actually
a tissue comprising two principle com-
ponents: a vascular component and an
extravascular component.

B The vessels in CNV do not cause them-
selves to grow. The vessels grow in re-
sponse to and with the help of cells
surrounding the invading vessels. His-
topathologic examination shows that the
vessels constitute a minority of the vol-
ume of the invading tissue.

B Extravascular inflammatory cells are
an important source of VEGF in CNV.
Depletion of monocyte cell lines in-
hibits the formation of CNV in animal

models.
[]

6.5 Two-Component Model
and Therapy

The goal of therapy for CNV would be to target
the vascular component, the extravascular com-
ponent or both. Inhibiting the vascular com-
ponent directly addresses the vessels, but does
not directly affect the extravascular component.
With the reduction in blood supply there may be
a corresponding reduction inn the extravascu-
lar component through ischemia and decreased
delivery to the CNV complex. It is possible that
with time compensatory or involutional changes
may occur within the neovascular complex such
as the enveloping of the new vessels by RPE cells
or through eventual withdrawal or apoptosis of
the extravascular cells. Existing therapies may
target one component, but often have effects on
the other component as well. Therapies princi-
pally directed against the vascular component
include PDT and pharmacological approaches
blocking VEGF (pegaptanib, bevacizumab, and
ranibizumab). Initial data from studies examin-
ing anti-VEGF therapies have shown that there
is continued growth with pegaptanib [31] or no
growth, but no shrinkage, of the lesion size with
ranibizumab [14, 75]. This suggests that there
might be preservation and possibly normaliza-
tion of the more mature portions of the neovas-




cularization, possibly related to incomplete inhi-
bition of angiogenic mediators [72]. Inhibition
of VEGF may also decrease the inflammatory
effects of induced cellular adhesion molecule
expression and inflammatory cell recruitment to
the lesion.

The strategy of inhibiting the extravascular
component would include targeting the action
of the extravascular cells or important cytokines
(such as with immunomodulators [57]). In can-
cer treatment targeting cancer cells is difficult
because of the narrow therapeutic window of
chemotherapeutic agents, their poor selectivity
for cancer cells compared with normal cells in
the body, and because of the genetic instability
of cancer cells [30]. In CNV, on the other hand,
the invading cells are fairly consistent in their
constituency from patient to patient and are ge-
netically stable [82]. The problem of selectivity
remains, however. This problem can be circum-
vented in some circumstances by local adminis-
tration of the drug to the eye through intravit-
real injection. This concentrates the drug in the
eye and can suppress local undesired processes
without having a significant systemic effect. For
example, intravitreal injection of triamcinolone
directly targets inflammatory processes in the
eye that may be occurring as part of the growth
of new vessels, without influencing the systemic
inflammatory response. Inhibiting the extravas-
cular component may indirectly have an effect
on the vascular component through the second-
ary reduction in angiogenic cytokines or by re-
ducing the tissue load needing vascular support.
There are no published reports of pure inhibi-
tors of the extravascular component of CNV at
present, although corticosteroids inhibit many
aspects of the extravascular component. Some
therapies potentially inhibit both components
and include thermal laser, radiation [41], and
the combination of PDT and intravitreal triam-
cinolone [83].

Similar to cancer therapy, combination ap-
proaches are being considered for the treat-
ment of CNV. Attacking both the vascular and
extravascular components intuitively seems like
a good approach. This brings about the need to
look at additional agents that could attack or in-
hibit the extravascular component. Alternate ap-
proaches could include targeting one component

6.5 Two-Component Model and Therapy

twice if the attack is by different mechanisms,
an approach being used in cancer trials [30].
For CNV the use of PDT combined with either
pegaptanib or ranibizumab illustrates this idea.
PDT damages both the neovascularization and
normal choroidal vessels through the generation
of singlet oxygen and free radicals. PDT causes
both an increase in VEGF and a decrease in PEDF
[77]. However, VEGEF is a survival factor for vas-
cular endothelial cells and has anti-apoptotic
effects. Blocking VEGF may limit the ability of
damaged resident choroidal vessels to sustain the
oxidative damage induced by PDT. As a survival
factor, the VEGF-165 isoform is the most potent
and predominant type secreted after a variety of
injuries including irradiation [12, 13, 35, 47, 70].
While PDT and anti-VEGF combinations may
act together to stop neovascularization, blocking
the injury-induced VEGF response may also lead
to more collateral damage than either treatment
method would have caused alone.

6.5.1 Are There Cytokines to Block
Other Than VEGF?

Vascular endothelial growth factor generated
great interest because it is one of the most im-
portant and powerful agents stimulating blood
vessels to grow. There are a number of other po-
tential factors to block besides VEGF in the treat-
ment of CNV. The actual means of blocking each
of these potential cytokines may not be readily
available, but several factors can be inhibited
with commercially available medications. PDGF
is an intriguing cytokine to block because it plays
a number of potential roles in producing a CNV
lesion. PDGF is a family of homo- and heterodi-
meric proteins originally isolated from plate-
lets. Subsequently, a number of cells have been
found to produce PDGF [1]. The varying forms
of PDGF exert their cellular effects through ty-
rosine kinase receptors. Ligand binding to the
platelet-derived growth factor receptor (PDGFR)
causes receptor dimerization, autophosphoryla-
tion, and leads to intracellular signaling. PDGF
helps recruit pericytes and can enhance angio-
genesis, in part by stimulating the expression of
additional VEGF [34, 39, 52]. PDGF enhances
recruitment of fibroblasts and has been shown

95



926

Combination Therapies for Choroidal Neovascularization

to stimulate the production of collage, proteogly-
cans, and fibronectin (3, 15, 38, 45, 90]. PDGF
also plays a role in recruiting inflammatory cells
[51, 87]. PDGF has been related to increased tis-
sue interstitial hydrostatic pressure [87], an im-
portant consideration in tumors [71] as well as in
macular degeneration.

Tumor necrosis factor alpha (TNFa) is an
acute phase reactant. It is a glycoprotein cleaved
by macrophages and activated T lymphocytes
from a longer peptide in response to a number
of stimuli. TNF is involved in a variety of in-
flammatory pathways and participates in tissue
damage from inflammation [43]. TNF can also
cause hemorrhage and necrosis of tumor vas-
culature [17]. TNF is an important mediator of
septic shock and vasoplegia, can regulate cell
survival matrix metalloproteinase expression,
stimulate production of other angiogenic factors
and chemokines, and stimulate fibroblast growth
and function [59, 89]. TNF is found in excised
CNV specimens in the regions of macrophage
infiltration [67]. In laser-induced choroidal neo-
vascularization TNF expression is increased and
blocking TNF with antibodies reduces the size of
the resultant CNV [78]. Infliximab, an antibody
that binds TNF, was anecdotally seen to cause re-
gression in 3 patients with CNV [57].

6.6 Combination Therapies

The combination of more than one therapy
against the tissue invasion of CNV has the po-
tential to be efficacious if the treatments attack
each of the two components or if each treatment
attacks one component by more than one mech-
anism. A combinatorial approach allows attack
against more than one aspect of CNV, with the
potential for greater efficacy. The combination
of agents targeting the process of CNV may lead
to improved visual acuity, decreased treatment
frequency or decreased severity of side-effects.
In the treatment of cancer, the use of multiple
agents in lower doses can lead to decreased side-
effects with increased efficacy compared with
single agents. In the treatment of CNV, combi-
nation therapies have often been associated with
increased side-effects.

6.6.1 Anti-VEGF Biologics
and Photodynamic Therapy

Anti-VEGF agents and PDT in combination both
attack the vascular component by somewhat dif-
ferent mechanisms, but do not directly affect
the extravascular component. Multiple logistic
regression of the treatment effect of patients be-
ing treated with pegaptanib, many of whom also
received PDT, found that PDT did not cause a
significant treatment effect after taking account
of pegaptanib. Although not specifically stated,
this implies that the combination of the two
treatments was not better than pegaptanib alone
[22].

Combined use of PDT with ranibizumab re-
sulted in improved acuity compared with PDT
alone in the phase I FOCUS study [37]. A lyoph-
ilized version of ranibizumab used in the FOCUS
study was associated with a high incidence of in-
traocular inflammation. Several patients treated
with PDT and ranibizumab had decreased acuity
associated with intraocular inflammation. The
reason for the visual acuity loss in these patients
was not known, but a protocol change was made
to separate PDT and ranibizumab by 1 week. A
later formulation of ranibizumab, used in phase
IIT trials, was associated with a greatly reduced
incidence of intraocular inflammation. We do
not know if the combination of PDT with intra-
ocular ranibizumab is better than ranibizumab
alone. Early reports suggest that using PDT plus
bevacizumab results in visual acuity improve-
ment with a relatively low frequency of subse-
quent bevacizumab injections. PROTECT is an
open-label multicenter phase II study involving
32 patients who were given verteporfin PDT at
baseline and at months 3, 6, and 9 if leakage was
present on fluorescein angiography. Patients were
given four monthly injections of ranibizumab.
One patient experienced an acute vision decrease
and 3 had intraocular inflammation by 9 months’
follow-up. The mean visual acuity change was an
improvement of 2.4 letters by 9 months (Infor-
mation from Frank Holz, MD, written commu-
nication 10 December 2006).

Photodynamic therapy has the unfortunate
tendency to cause acute severe vision decrease,
particularly in patients with occult CNV. The in-



cidence of acute treatment-related visual acuity
loss from PDT in patients who had had previous
anti-VEGF treatment is not known, but it will
probably be a finite number. The small propor-
tion of patients having moderate visual acuity
loss with anti-VEGF monotherapy is 5% or less
at 1 year, making any PDT-induced loss of vision
seem more troublesome. Using a reduced fluence
of the laser during PDT may help reduce the like-
lihood of acute severe vision decrease in patients
who had had previous anti-VEGF treatment.

6.6.2 Anecortave Acetate
and Photodynamic Therapy

Anecortave acetate and PDT with verteporfin
was not significantly different from PDT alone
in a phase II study (Alcon, unpublished). Both
treatments are directed against the vascular com-
ponent and not the extravascular component.

6.6.3 Intravitreal Triamcinolone
and Photodynamic Therapy

Patients treated with combined PDT and intra-
vitreal triamcinolone seem to have a better visual
acuity result with a lower treatment rate than
with PDT alone. In one study of 26 patients [83],
half of whom had had previous PDT, but with
continued loss of vision, and half of whom had
had no previous treatment were given PDT fol-
lowed by an injection of 4 mg of triamcinolone.
At the end of 1 year’s follow-up these patients
required slightly more than 1.2 treatments. The
previously treated group had a visual acuity im-
provement of +0.44 lines, which was not signifi-
cantly different from baseline. The previously un-
treated patients had an improvement of 2.5 lines,
which was statistically significant. The principle
short-term side-effect was increased intraocular
pressure, which occurred in 10 of the 26 patients.
A randomized trial of 61 patients with predomi-
nantly subfoveal CNV treated with PDT versus
PDT and triamcinolone found that after a 12-
month follow-up those treated with the combi-
nation had better acuity, smaller lesion sizes, and
required fewer treatments than those who had

6.6 Combination Therapies

had PDT alone [6]. Two nonrandomized com-
parative trials found that patients treated with
the combination of PDT and triamcinolone did
better in terms of visual acuity and treatment fre-
quency than patients treated with PDT alone [18,
76]. Patient series uniformly showed a reduced
treatment frequency for combined PDT and tri-
amcinolone compared with that expected from
PDT alone, with most studies showing improve-
ment [9, 29, 56, 64] or stabilization of acuity [27,
50]. One study showed a significant decrease in
visual acuity of patients treated with combined
PDT and triamcinolone [24]. There are no data
at present to suggest that there is a significant
difference in outcomes if the triamcinolone
is given before, at the same time as, or after the
PDT.

The addition of triamcinolone to PDTR ap-
peared to improve the outcome of patients com-
pared with PDT alone. While PDT causes an
increase in VEGF and a decrease in PEDF [85],
treatment of RPE cell cultures with triamcino-
lone prevents both the increase in VEGF and the
decrease in PEDF from PDT [65]. The main side-
effects of intravitreal triamcinolone are cataract
formation and increased intraocular pressure
[80]. Of patients receiving intravitreal triam-
cinolone 40% will require topical medications
and 1% will need a filtering operation to control
their pressure. One of the more worrisome side-
effects of PDT is acute severe vision decrease,
which can occur in up to 4.5% of patients [7].
The advent of effective anti-VEGF agents in the
forms of bevacizumab [84] or ranibizumab [14,
75] has changed the landscape of CNV treat-
ment. Increased intraocular pressure, cataract,
and acute severe vision decrease do not occur
with intravitreal anti-VEGF agents. Therefore,
there are not many compelling reasons to start
patients on combined triamcinolone and PDT.
(There are even fewer reasons to start patients on
PDT alone.)

6.6.4 Triamcinolone and Anti-
VEGF Therapy

Although both target the vascular component
through partially overlapping mechanisms, the
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antivascular attacks do differ somewhat. In addi-
tion, corticosteroids address a variety of elements
in the extravascular component that anti-VEGF
agents do not. Current anti-VEGF agents have to
be given relatively frequently, every 4 or 6 weeks,
while intravitreal triamcinolone persists in the
vitreous cavity for several months. It may be pos-
sible to decrease the treatment frequency with
concurrent intravitreal triamcinolone. However,
intravitreal triamcinolone carries an excessive
incidence of side-effects. Subtenon injection of
triamcinolone has a much lower incidence and
severity of side-effects, but the efficacy of sub-
tenon triamcinolone has not been established in
the treatment of CNV.

6.6.5 Triamcinolone
and Anecortave Acetate

Since both medications attack the vascular com-
ponent through potentially the same mechanism
a combination of the two potentially would be
a corticosteroid-sparing strategy. However, cor-
ticosteroids address the inflammatory aspects
of CNV while anecortave acetate does not. The
nature of the interactions between anecortave
acetate and triamcinolone are not known and it
is possible that there may be competitive binding
of the anecortave to sites compared with triam-
cinolone, potentially leading to less pronounced
effects of the triamcinolone.

Summary for the Clinician

B Similar to cancer therapy, combina-
tions of treatments, principally involv-
ing drugs, are being fashioned to target
more than one aspect of CNV.

B Targeting of the vascular component can
be done though nonspecific methods
such as PDT or through specific target-
ing such as with anti-VEGF agents.

B Vascular endothelial growth factor is a
survival factor for vascular endothelial
cells. Nonselective destructive therapies
may induce collateral damage to normal
choroidal vessels.

B The extravascular component is a more
heterogeneous population of cells and
as such is not likely to have a single tar-
get for attack. Nonspecific drugs such
as corticosteroids may target a number
of different pieces of the extravascular
component.

B Tumor necrosis factor is involved in tis-
sue damage in other diseases, is present
in CNV specimens, and blocking TNF
anecdotally has shown early favorable
results in CNV.

B Targeting multiple factors such as TNF
and PDGF in addition to VEGF may ad-
dress more aspects of the known patho-
physiology of CNV than targeting VEGF
alone

B Photodynamic therapy and intravitreal
triamcinolone appear to have a better
visual acuity response with fewer treat-
ments needed compared with PDT
alone.

®m The high proportion of patients who
have side-effects with combined PDT
and triamcinolone along with the com-
paratively low rate of side-effects with
anti-VEGF drugs means that combined
PDT and intravitreal triamcinolone
should not be used as first-line therapy
in most patients.

B Anti-VEGF biologics have been success-
ful at treating CNV and will probably be
an important constituent of any combi-
nation therapy.

B The addition of PDT to the use of anti-
VEGF therapy will probably not improve
the visual acuity outcomes, but may re-
duce the treatment frequency.

B Photodynamic therapy has its own side-
effect profile, including acute severe vi-
sion decrease. It may be possible to re-
duce the incidence of acute severe vision
decrease in post anti-VEGF patients by
using markedly reduced laser fluence.




6.7 Conclusion

Treatments for CNV are improving, with the lat-
est results of the ranibizumab studies showing
one-quarter to one-third of patients with a sig-
nificant improvement in visual acuity. However,
the mean visual acuity of patients recruited into
CNV treatment studies has usually been between
20/80 and 20/100. So improvement in a minority
of patients still leaves most with poor acuity. The
principle goal of combination therapy would be
to improve the proportion of patients experienc-
ing improved acuity. A secondary goal would be
to decrease the number of treatments needed to
achieve improved acuity.
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Chapter 7

Hanna R. Coleman, Emily Y. Chew

B Oxidative stress may play an important

role in the pathogenesis of age-related
macular degeneration (AMD) as smok-
ing is a major risk factor.

The Age-Related Eye Disease Study
(AREDS) showed that antioxidant vita-
mins C (500 mg), E (400 IU), beta-caro-
tene (15 mg), zinc oxide (80 mg), and
copper (as cupric oxide 2 mg) reduced
the risk of developing advanced AMD
(neovascular or geographic atrophy in-
volving the center of the fovea) by 25%
compared with placebo at 5 years’ fol-
low-up.

The AREDS formulation also reduced
the risk of moderate visual loss by 19%
compared with placebo at 5 years’ fol-
low-up.

There was no increased risk of mortal-
ity in the AREDS study in those partici-
pants assigned to the antioxidant vita-
mins and/or zinc.

Observational data suggest that higher
dietary intakes of lutein and omega-3
long-chain polyunsaturated fatty acids
were associated with decreased risk of
AMD.

Lutein, zeaxanthin, omega-3 long-chain
polyunsaturated fatty acids are currently
investigated for their potential role in
the treatment of AMD in a randomized,
controlled clinical trial, AREDS2.

Age-related macular degeneration (AMD) is
the leading cause of visual loss in the US among
patients over 65 years of age [14]. The disease is
projected to increase at an alarming rate due to
the increasing longevity of our elderly population
[52]. The treatment of AMD has progressed over
the years from the use of laser photocoagulation
to photodynamic therapy, surgical procedures
and anti-VEGF medications, but there is still no
effective cure and visual impairment continues to
be high [25, 26, 50, 54].

7.2 Risk Factors

A variety of risk factors have been identified for
both early- and late-stage AMD [15, 20, 21, 27,
40, 42, 43, 44, 51, 53], the most consistent of
which are age and smoking. Other factors that
influence the risk of disease include gender, iris
color, heredity, cardiovascular health, nutrient
status, body mass index, and lifetime exposure to
sunlight. Prevention of modifiable risk factors is
a promising approach to reducing the burden of
this condition [37, 45, 48].

Because smoking is known to deplete the
body’s antioxidative potential [1], components of
cigarette smoke are oxidants, and diet and nutri-
tion have been associated with advanced AMD,
oxidative stress is thought to play a significant
role in its pathogenesis. Oxidative processes oc-
cur in most biological functions, and multiple
pathways have evolved to maintain the balance
between the necessary free radicals that serve as
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regulatory molecules and the unchecked highly
reactive molecules that initiate devastating cyto-
toxic reactions [30]. The retina is particularly sus-
ceptible to oxidative stress due to its high oxygen
use and its chronic exposure to intense light. Fur-
thermore, photoreceptor outer segments are es-
pecially vulnerable to oxidative damage because
of their high polyunsaturated fatty acid content
[17, 19]. The possibility that the anti oxidant bal-
ance can be positively altered by diet or vitamin
supplementation has created much interest.

7.3 Age-Related Eye Disease Study

The Age-Related Eye Disease Study (AREDS)
conducted by the National Eye Institute showed
that the use of high doses of a combination of
anti-oxidants (vitamin C, vitamin E, and beta-
carotene) and zinc reduced the risk of develop-
ment of advanced AMD by about 25% in partici-
pants with moderate AMD (AREDS category 3)
or advanced AMD in one eye (AREDS category
4). The overall risk of moderate vision loss (>15
letters on the ETDRS chart) was reduced by 19%
at 5 years [2]. In the study, the rate of participants
with early AMD (AREDS categories 1 and 2) de-
veloping advanced AMD was exceedingly low,
1.3% in 5 years. Because of these small numbers,
no beneficial effects of the combination treat-
ment were seen. For this reason, the AREDS
supplements are only recommended for persons
with moderate to severe AMD (AREDS catego-
ries 3 or 4).

7.4 Lutein/Zeaxanthin

Continuing evidence is accumulating regarding
the role of oxidative stress in the pathogenesis
of AMD and the mechanisms involved [6, 11,
35, 55]. Of particular interest is the presence of
macular pigment, which is composed primarily
of the carotenoids lutein and zeaxanthin, two
naturally occuring plant pigments [24, 46, 47].
The concentration of macular pigment is great-
est at the inner retinal layers of the fovea and the
small amounts that are present in the peripheral
retina are found in rod outer segments [9, 49].
Studies suggest that an inverse relation exists be-

tween the risk of AMD and the amounts of lutein
and zeaxanthin in the retina [7, 8, 10]. A high
intake of green leafy vegetables containing lutein
and zeaxanthin was associated with a reduction
in the risk of neovascular AMD [32]. It has been
postulated that the carotenoids may protect the
retina from oxidative stress via two mechanisms:
by absorbing the blue light that may be associated
with photochemical damage, and by quenching
reactive oxygen species [16, 22, 29, 36, 38].

At the beginning of the AREDS trial, lutein
and zeaxanthin were not commercially available
and beta-carotene, although not present in the
retina, was used for its anti-oxidative potential.
During the trial, supplementation of beta-caro-
tene was shown to increase the risk of lung cancer
and its associated mortality in smokers [5, 34].
Beta-carotene also increased the yellowing of the
skin, but this was of no consequence healthwise.
An amendment was made to the AREDS proto-
col to offer all smokers in the study the chance
to stop the medication and consider randomiza-
tion to placebo or zinc only. The current AREDS
formulation with beta-carotene is thus not rec-
ommended for smokers and AREDS II will study
the effect that eliminating beta-carotene from the
original vitamin formulation has on the develop-
ment and progression of AMD.

Zinc was tested in the original formulation at
high doses of 80 mg because of the beneficial
results of treatment reported by a single-center,
randomized, controlled clinical trial with a small
sample size and short duration of follow-up [33].
Copper was added to offset the commonly seen
side effect of copper-deficient anemia. The out-
come measurement of a few letters gained in the
zinc-treated group was considered to be of ques-
tionable clinical significance. Zinc treatment was
also shown to be associated with decreased mor-
tality in the AREDS (RR=0.73; 95% CI 0.60-0.89)
[3]. The significance of this finding is not known
as this is a selected population of volunteers in
a randomized trial of vitamins and minerals. In
AREDS, the use of zinc increased hospitaliza-
tions due to genitourinary problems. The most
common problem was prostate enlargement in



men. Other studies have reported that zinc may
cause a decrease in HDL (“good”) cholesterol or
an increase in LDL (“bad”) cholesterol. Nutri-
tional experts continue to raise concerns about
the widespread, common, and chronic use of
such a large dose. AREDS II will study the effects
of reducing the dose of zinc from the original
AREDS formulation on the development and
progression of AMD.

7.6 Vitamin E

Vitamin E is commonly used at doses of 400 IU;
however, a recent meta-analysis of vitamin E con-
cluded that doses of vitamin E of 400 IU or higher
were associated with an increased risk of mortal-
ity [31]. The analysis performed for this conclu-
sion used prevalence data rather then incidence
data from 19 studies and the cut-off point for
exposure was arbitrarily set to 400 IU or higher.
A follow-up analysis of studies using 400-440 IU
of vitamin E in more than 15,000 participants
showed that there was no strong basis for infer-
ring increased mortality among participants ex-
posed to these levels of vitamin E. The pooled risk
ratio for these three studies was 0.998 with a risk
difference of -1.8 per 10,000 persons in the direc-
tion of benefit. Based on these data, it would ap-
pear to be safe to take the 400-IU dose of vitamin
E found in the AREDS formulation [12].

7.7 Dietary Fat Intake

In the Beaver Dam Study, patients with the high-
est intake of saturated fat and cholesterol were
at an 80% increased risk of early AMD. Simi-
lar results were found for advanced AMD, but
were not statistically significant [28]. Saturated,
monounsaturated, polyunsaturated, and trans-
unsaturated fats increased the likelihood of pro-
gression for the highest fat intake quartile rela-
tive compared with the lowest fat intake quartile.
Increased intake of fish reduced risk of AMD,
particularly with consumption of two or more
servings per week [41]. Dietary omega-3 fatty
intake was inversely associated with AMD pri-
marily among participants with low levels (below
median) of linoleic acid intake, an omega-6 fatty

7.8 Age-Related Eye Disease Study 2

acid. In people reporting the highest levels of
omega-3 long-chain polyunsaturated fatty acids
(LCPUFA) intake there is a decreased likelihood
of having neovascular AMD relative to people re-
porting the lowest levels of intake. These results
and those from other observational analytic in-
vestigations [39] suggest that modifying diet to
include more foods rich in w-3 LCPUFAs could
result in a reduction in the risk of having neovas-
cular AMD [4, 13, 18].

Summary for the Clinician

B Consider administering the AREDS for-
mulation for patients with bilateral large
drusen or advanced AMD in one eye.

B The AREDS formulation is contraindi-
cated in cigarette smokers because the
beta-carotene has been shown to increase
the risk of lung cancer in smokers.

B Observational data from AREDS and
other studies suggest that high levels of
consumption of lutein/zeaxanthin-con-
taining vegetables (i.e., spinach, kale, col-
lard greens, etc.) and fish are associated
with a lowered risk of advanced AMD.

7.8 Age-Related Eye
Disease Study 2

Based on all of the available nutritional evidence,
the National Eye Institute developed the AREDS2
study, which started enrolling in the fall of 2006.
Its primary objective is to determine whether
oral supplementation with macular xanthophylls
(lutein at 10 mg/day + zeaxanthin at 2 mg/day)
and/or omega-3 long-chain polyunsaturated
fatty acids (LCPUFAs, docosahexaenoic acid
[DHA] 350 mg and eicosapentaenoic acid (EPA)
650 mg for a total of 1 g/day) will decrease the
risk of progression to advanced AMD, compared
with placebo. AREDS2 will also study the effects
of these nutritional supplements on moderate
vision loss and on the development of cataracts.
This objective will be accomplished by collecting
and assessing the data of approximately 4,000
participants aged 50-85 years, who at the time of
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enrollment, have sufficiently clear lenses for qual-
ity fundus photographs and have either bilateral
large drusen or large drusen in one eye and ad-
vanced AMD (neovascular AMD or central geo-
graphic atrophy) in the fellow eye. Of the primary
randomization agents, one-quarter of the patients
will be assigned placebo, another quarter lutein/
zeaxanthin, one-quarter omega-3 LCPUFAs, and
the final quarter a combination of the two.

Because the study population in AREDS2 is at
least moderately at risk of AMD, all participants
will be offered the original AREDS formulation.
Because of this opportunity, a second random-
ization was designed to evaluate the possibility
of deleting beta-carotene and decreasing the cur-
rent dose of zinc. The secondary randomization
agents (AREDS-Type Supplement) formulations
are divided into the four inclusion groups listed
in Table 7.1.

Participants who are smokers are also then in-
cluded in AREDS2 and they would be randomly
assigned to either formulation 2 or formulation
3 in the AREDS supplements in the secondary
randomization. It is also recognized that some
participants may consider it difficult not to take
the original AREDS formulation, the proven for-
mulation for persons with moderate AMD, and
they would be allowed to do so. It is also possible
that some participants may not be able to toler-
ate the AREDS formulation and they would also
be allowed to withdraw from this secondary ran-
domization.

The savings gained from preventive therapy
are enormous. It is estimated that about 55 mil-
lion people in the USA may be at risk of macular

degeneration. Of these, 8 million are at high risk,
and are thus likely to benefit from the current
combination of zinc and anti-oxidant therapy. If
all 8 million people at a high risk of AMD took
the supplement therapy, more than 300,000 of
them could be saved from advanced AMD in the
next 5 years.

Summary for the Clinician

B AREDS2 will test the roles of oral supple-
mentation with lutein/zeaxanthin and/
or omega-3 long chain polyunsaturated
fatty acids in the treatment of AMD.

B AREDS2 will also evaluate the effects of
eliminating beta-carotene and lowering
the dose of zinc on the development of
advanced AMD. .

7.9 Conclusion

The economic benefit associated with the preven-
tion of progression to advanced AMD in even a
small proportion of cases is significant and will
result in major cost savings to individuals and
society at large [23]. The evidence that diet and
nutrition play crucial roles in the pathogenesis of
early AMD and its progression to AMD is now
compelling; further studies are crucial in order
to find the key micronutrient ingredients that
will fully change our treatment and prevention of
AMD in the future.

Table 7.1 The four formulations of the original Age-Related Eye Disease Study (AREDS) formulation that will be

tested in the secondary randomization of the AREDS2

1 2
Vitamin C 500 mg 500 mg
Vitamin E 400 TU 400 IU
Beta-carotene 15 mg 0 mg
Zinc oxide 80 mg 80 mg
Cupric oxide 2 mg 2 mg

3 4
500 mg 500 mg
400 IU 400 IU
0 mg 15 mg
25mg 25mg

2 mg 2 mg
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New Perspectives
in Geographic Atrophy

Associated with AMD

Core Messages

B The advanced atrophic form of age-re-

lated macular degeneration (AMD) is
called “geographic” because the areas of
atrophy tend to form well-demarcated
borders of atrophy of the neurosensory
retina, retinal pigment epithelium (RPE),
and choroid that do not seem to be re-
lated to specific anatomic structures.
Fundus autofluorescence (FAF) imaging
allows for accurate delineation of atro-
phic patches. Thus, precise quantifica-
tion of the area(s) of atrophy is possible,
which is useful for clinical monitoring in
the context of natural history or inter-
ventional studies addressing progression
over time.

Two large prospective studies of patients
with geographic atrophy have shown a
mean atrophy enlargement of 1.74 mm?®/
year and 2.79 mm®/year respectively.
There is a wide range of atrophy progres-
sion among patients, which cannot be
readily explained by baseline atrophy.
Distinct phenotypic patterns of abnor-
mal FAF in the junctional zone of at-
rophy are associated with significant
differences in atrophy progression rates
over time, and appear to have the stron-
gest predictive value compared with
other factors, including smoking, age,
and baseline atrophy.

B No specific genetic or systemic risk fac-

tors have been identified for geographic
atrophy (GA) vs. other AMD phenotypes
including choroidal neovascularization
(CNV).

Measurement of visual acuity does not
correlate well with the total GA size in
earlier stages of the disease and may
therefore not reflect the actual visual
function of the patient, including stabil-
ity of fixation, ability to read, and recog-
nizing faces. Foveal sparing of atrophy
may result in good central visual acuity,
but not useful daily visual function be-
cause the residual island surrounded by
atrophy is too small.

Areas of increased FAF in the junctional
zone of atrophy are correlated with de-
creased retinal sensitivity, which may
reflect the pathophysiological role of in-
creased lipofuscin accumulation.
Fundus autofluorescence imaging has
enhanced our understanding of the dis-
ease process and may be important for
monitoring patients with GA over time
and for future therapeutic interventions.
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c demarcated areas with depigmentation and en-

8.1 Introduction A .
hanced visualization of deep choroidal vessels
8.1.1 Basics (Figs. 8.1, 8.2). It is called “geographic” 'because
these areas do not seem related to specific ana-

Geographic atrophy of the retinal pigment epi- tomic structures [18]. The term geographic atro-
thelium is the advanced form of atrophic “dry”  phy (GA) of the retinal epithelial pigment (RPE)
AMD. Geographic atrophy appears as sharply is somewhat misleading as not only the RPE cells

Fig.8.1 Fundus photograph (top left), fluorescein angiography image (fop right), indocyanine green (ICG) an-
giograph image (bottom left), and fundus autofluorescence (FAF) images (bottom right) of the right eye of a 57-
year-old female patient with geographic atrophy (GA) of the retinal pigment epithelium (RPE) due to age-related
macular degeneration (AMD). RPE atrophy shows well-demarcated borders that do not seem to be related to
specific anatomic structures. There is one large central area of atrophy surrounded by several small atrophy satel-
lites. Fluorescein angiography shows hyperfluorescence corresponding to atrophy because of transmission defect
and staining. Larger choroidal vessels over the central atrophy can be seen in the fundus photograph and in the
ICG angiography image. FAF intensity is markedly decreased over the atrophy because of the lack of RPE and
lipofuscin (LF) accumulation



8.1 Introduction

Fig.8.2 Fundus photograph (left) and FAF image (right) of the right eye of a 78-year-old female patient show-
ing multifocal RPE atrophy. The fovea is not involved, but areas of atrophy sandwich the residual foveal island
resulting in the inability to read large letters or recognize faces, despite good central visual acuity

are atrophic, but also the layers anterior and pos-
terior to the RPE cells, i.e., the choriocapillaris
and the neurosensory retina [20]. However, the
term GA has been established in the literature
and should be used instead of “areolar choroi-
dal atrophy,” which is used for similar-appearing
monogenetic retinal diseases with manifestations
earlier in life [32, 42].

While choroidal neovascularization repre-
sents the most common form of advanced AMD,
approximately 20% of AMD patients with ad-
vanced disease suffer from severe visual loss due
to foveal involvement in GA of the RPE [17, 28,
29, 35, 55].

Patients with primary GA tend to be older
than those with neovascular forms of AMD at
the time of initial presentation. It has been specu-
lated that GA occurs in eyes in which a neovas-
cular angiogenic event has not developed.

8.1.2 Development and Spread
of Atrophy

Geographic atrophy can occur primarily or sub-
sequent to other forms of AMD. Development of
atrophy in AMD is seen in the presence of macu-
lar changes at the level of the RPE and Bruch’s
membrane, such as pigmentary alterations and

drusen [18, 20, 25, 42, 43]. Regression of con-
fluent large, soft drusen leads to atrophy if these
areas enlarge and coalesce. Calcified deposits
seem to correlate with the occurrence of atrophy
and to be pathogenetic for GA in comparison to
other late-stage manifestations of AMD [2]. In
some cases, GA develops following the collapse
and flattening of RPE detachments [7].

Geographic atrophy may vary considerably in
appearance. Atrophy may manifest as one single
atrophic patch or multifocally with multiple ar-
eas of atrophy (Figs. 8.1, 8.2). In the early course
of the disease, atrophy is typically limited to the
perifoveal region [18, 20, 32]. Over time, the atro-
phy enlarges, several atrophic areas may coalesce,
and new atrophic areas may occur (Fig. 8.3). This
may result in a transient horseshoe configuration
of atrophy. At more advanced stages, atrophic
areas may form a ring or sandwich the atrophy-
spared fovea in the center (Fig. 8.2). The fovea is
usually not involved until late in the course of
the disease. Besides a primary extrafoveal oc-
currence, the atrophy may also initially start in
the foveal area. This manifestation is more rarely
seen and can be typically observed, for example,
after the collapse of an RPE detachment.

There is a high degree of symmetry between
fellow eyes in total size of atrophy and atrophy
configuration (Fig. 8.4) [4, 55]. Of note, peri-
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Fig.8.3 Atrophy progression over a time period of more than 5 years. Over time, single new atrophic areas
occur and coalesce with existing atrophy. Interestingly, existing atrophy enlarges or new atrophy occurs exactly

where previously increased FAF had been observed

Fig.8.4 Composite FAF images of both eyes of a 96-year-old patient with very advanced GA extending to the
macula. The huge continuous area of atrophy includes large retinal areas within the temporal arcades, but also the
optic disc and retinal areas nasally to the optic disc. Note the symmetric configuration of atrophy between the two

eyes.

papillary atrophy is observed very commonly in
eyes with GA and its prevalence in GA is higher
compared with age-matched control eyes. Very
advanced stages may show huge continuous at-
rophies including large retinal areas within the
temporal arcades, the optic disc, and retinal areas
nasally to the optic disc (Fig. 8.4).

8.2 Fundus Autofluorescence
Imaging in Geographic Atrophy

The pathophysiologic mechanisms underlying
the atrophic process in GA have been poorly
understood to date. In human postmitotic RPE

cells lipofuscin (LF) accumulates with age and
in various retinal diseases such as Best’s disease,
Stargardt’s disease or GA due to AMD [8]. It is
thought to be mainly derived from the chemically
modified residues of incompletely digested photo-
receptor outer segment discs. Experimental find-
ings suggest that certain molecular compounds
of LF, such as A2-E, possess toxic properties and
may interfere with normal cell function [50].
The accumulation of LF in postmitotic hu-
man RPE cells and its harmful effects on normal
cell function has been largely studied in vitro
with fluorescence microscopic techniques [8].
Delori and coworkers have shown that fundus
autofluorescence (FAF) in vivo is mainly derived



from RPE LF [13]. With the advent of confocal
scanning laser ophthalmoscopy (cSLO) it has
been possible to document FAF and its spatial
distribution and intensity over large retinal areas
in the living human eye [41, 52]. FAF imaging
gives additional information above and beyond
conventional imaging tools such as fundus photo-
graphy, fluorescein angiography or optical coher-
ence tomography.

As mentioned above, GA is characterized by
areas of retinal atrophy. Due to the atrophy of
RPE cells and therefore the lack of LF (domi-
nant fluorophore for fundus autofluorescence)
FAF imaging using the cSLO in patients with GA
shows markedly decreased FAF intensity over
atrophic patches (Fig. 8.1). Areas of atrophy can
be accurately delineated, quantified with image
analysis software, and atrophy progression rates
can be calculated [11, 46]. Therefore, FAF imag-
ing as an easy, feasible, noninvasive method is a
useful tool to review GA patients over time.

Furthermore, it has been shown that areas
with increased FAF intensities and therefore ex-
cessive RPE LF load surrounding atrophy in the
so-called junctional zone of atrophy can be iden-
tified [41, 52]. Areas of increased FAF have been
shown to precede the development of new areas
of GA or the enlargement of preexisting atro-
phic patches (Fig. 8.3) [26]. In a cross-sectional
analysis, the FAM (Fundus Autofluorescence in
age-related Macular degeneration) Study Group
has introduced a classification system for distinct
patterns of abnormal elevated FAF in the junc-
tional zone of GA [5]. This morphological classi-
fication was based on information that was solely
detectable by FAF imaging.

Summary for the Clinician

B The scanning laser ophthalmoscope al-
lows for imaging of RPE lipofuscin dis-
tribution in the living eye.

B Areas of atrophy are characterized by a
low FAF signal due to lack of RPE LE.

B Areas of increased FAF and distinct pat-
terns of FAF abnormalities can be identi-
fied in areas adjacent to the patches.

8.3 Quantification of Atrophy Progression

8.3 Quantification of Atrophy

Progression

Progressive enlargement of GA over time has
been assessed in several studies. The first quan-
titative data on the spread of atrophy were pub-
lished by Schatz and McDonald in 1989 [44].
They showed in fundus photographs of 50 eyes
an average growth rate of 139 um/year in the
horizontal direction. Sunness et al. described in
1999 in fundus photographs of 81 eyes a mean en-
largement of 2.2 disc areas (DA; median 1.8) in a
2-year follow-up, which would be 2.79 mm?/year
(median 2.29 mm?®/year) assuming 2.54 mm® for
1 DA [55]. Furthermore, they classified the eyes
into five different groups according to the total
size of atrophy at baseline and stated that the
enlargement of atrophy increased with increas-
ing baseline atrophy for up to 5 DA of baseline
atrophy, leveled off for the 5-10 DA group, and
slightly decreased for the >10 DA group. In pa-
tients with GA in both eyes, no significant dif-
ference in atrophy enlargement between eyes was
seen. The detection and quantification of atrophy
was based on fundus photographs and involved
several magnification steps. Both studies identi-
fied a great difference and range of atrophy en-
largement within their cohorts, which could be
explained neither by baseline atrophy nor by
any other factor tested. For example, atrophy
progression ranged in the latter study from 0 to
13.8 mm?/per year.

Recently, the FAM Study group has published
their data on atrophy progression over time [27,
48]. This longitudinal, multicenter, natural his-
tory study of patients with GA secondary to
AMD was initiated to study FAF changes and
their impact on the disease process using FAF
imaging. FAF imaging permits atrophic areas
to be easily detected, outlined, and quantified.
By measuring the total size of atrophy at each
visit, atrophy progression over time can be de-
termined and differences between patients can
be evaluated (Fig.8.3). Atrophic areas can be
identified and quantified using customized semi-
automated image analysis software [11, 46]. The
mean atrophy progression rate in the FAM Study
with 1.74 mm?®/year (median 1.52 mm?®/year) is
slightly smaller than the data from Sunness and
coworkers (median 2.29 mm?/year). Further-
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more, it was confirmed that the slowest atrophy
progression was found to be in the eyes with a
total baseline atrophy of <1 DA, but no statistical
significant difference in atrophy enlargement was
shown for the other DA groups. Interestingly,
variable rates of GA progression were dependent
on the specific phenotype of abnormal FAF pat-
tern at baseline (see Sect. 8.4.3).

Summary for the Clinician

B Atrophy enlargement varies between
0 and nearly 14 mm?®/year with a mean
rate of progression between 1.74 mm?/
year and 2.79 mm?/year.

B Very small areas show a slower spread
of atrophy, but variations in atrophy en-
largement cannot be totally explained by

baseline atrophy. .

8.4 Risk Factors

As the dry advanced form of AMD, GA repre-
sents a multifactorial complex disease involving
genetic, other endogenous and exogenous risk
factors. Population-based studies have examined
the prevalence and epidemiologic risk factors of
GA in comparison to CNV [17, 28, 29 35, 51].
More recently, genetic as well as natural history
studies have given more insight into the potential
risk factors of GA, and their results are promising
to better elucidate the pathogenesis of GA and to
develop future treatments for this disease.

8.4.1 Genetic Factors

Epidemiological studies in particular have sug-
gested a substantial genetic compound of AMD
[12, 24, 28, 45]. It is well known that age and a
positive family history are two important risk fac-
tors for the prevalence of AMD in general. How-
ever, the FAM study failed to show a significant
correlation between rate of atrophy progression
and family history as well as age >80 years for
patients who had been diagnosed with GA due

to AMD previously [27]. Ethnicity seems to play
a role in the prevalence of GA. There appears to
be alower occurrence in African-Americans and
a lower prevalence of GA in Hispanic compared
with white Americans [17, 36]. No clear gender
difference in prevalence has been found.

In 2005, three independent groups reported at
the same time an association between AMD and
a complement factor H (CFH) variant [14, 23,
30]. CFH plays an important role in the regula-
tion of the complement system, which is known
to be a part of the immune system. Furthermore,
the plasma level of CFH is influenced by age and
smoking, and CFH is found in strong concentra-
tions in the RPE/choroid complex of donor eyes
[15, 22]. Other polymorphisms have been also
identified in the context of AMD, namely in the
genes coding for factor B (BF) and LOC387715
[19, 39]. Looking specifically at GA, no signifi-
cant difference in the genetic polymorphism be-
tween the occurrence of GA and CNV has been
found so far. While there are known genetic al-
terations for several hereditary retinal diseases
(e.g., Stargardt’s disease), which can resemble GA
due to AMD, no specific genetic defect has yet
been detected to cause advanced atrophic AMD
(33, 34, 60].

8.4.2 Systemic Risk Factors

Extensive studies have been performed to exam-
ine possible relationships between AMD and
systemic factors, such as hypertension, smoking,
alcohol intake and cholesterol level. Despite a
significant risk of smoking in developing AMD,
their findings are not consistent [51]. Even more
importantly, only a few studies have distin-
guished different stages and manifestations of
AMD and have separately analyzed the occur-
rence of GA due to AMD. For example, the Blue
Mountain Eye Study has shown that in women
current or past smoking was a significant risk
factor for the presence of GA; in men this did
not reach statistical significance. The two large
prospective natural history studies on GA pa-
tients have demonstrated that neither hyperten-
sion and hyperlipidemia nor body mass index
>30 kg/m” are risk factors for a more rapid at-



rophy progression [27, 55]. No significant cor-
relation between actual or previous history of
smoking could be shown; however, there was a
weak trend in smokers toward more rapid en-
largement of atrophy.

There has been extensive speculation with
regard to the role of light exposure in the patho-
genesis of GA [61]. Ultraviolet or visible light can
induce generation of reactive oxygen species in
the retina, which may cause lipid peroxidation
of photoreceptor outer segment membranes
potentially contributing to LF accumulation in
the RPE and, eventually, to the development of
AMD. These assumptions have been partly con-
firmed in cell cultures and animal experiments
[21, 50, 53]. However, until now, clinical and
epidemiological studies have not been able to
provide sound support of the view that cumula-
tive sunlight exposure is associated with AMD
[10, 58, 59]. However, it is difficult to accurately
determine the amount of light exposure during
the life span of a person who is 55 years and older
and, therefore, at an age at which they are likely
to develop AMD. For example, the ARED study
was unable to show that a high-dose intake of
vitamin and mineral supplements statistically
significantly decreases the risk of the develop-
ment of GA in the fellow eye of participants
with unilateral advanced AMD or in participants
without GA in any eye at baseline. Therefore, this
large placebo-controlled, randomized study was
unable to provide strong data in support of the
hypothesis that reactive oxygen species might be
involved in the GA disease process, which could
be potentially scavenged by antioxidant vitamins
[1].

The ophthalmologist is often confronted with
the question whether or not cataract surgery
should be performed in eyes with GA. There has
been speculation regarding a possible association
between cataract and AMD. Both are the most
frequent causes of visual impairment in the el-
derly and their prevalence is strongly age-related
[28]. Furthermore, both share common poten-
tial risk factors including smoking and sunlight
exposure [58]. Cataract extraction, i.e., the ex-
change of an opaque, yellow and, therefore, blue-
light filtering natural lens for a clear artificial
lens, would consequently expose the macula to

8.4 Risk Factors

relatively more blue light than preoperatively [3].
Anecdotal reports and nonrandomized case se-
ries have suggested that cataract surgery in AMD
patients may have an adverse effect regarding
the progression of AMD and the development
of CNV [37, 38]. The findings of prospective
epidemiological and larger retrospective clinical
studies have been inconsistent and inconclusive
to date [16]. However, these studies analyzed
AMD patients in general or differentiated only
between early and late AMD manifestations. The
study by Sunness and coworkers analyzing only
GA patients mentions no significant differences
in visual loss and atrophy enlargement between
phakic and pseudophakic patients over time
[55]. However, as long as speculation regarding
an increased risk of CNV development and of
adverse effects on disease progression is widely
present and no systemic analysis of lens status
and atrophy progression specifically for GA pa-
tients has been performed, the clinician will have
difficulty in properly advising his GA patients.
Even GA patients may be prevented from under-
going from cataract surgery, although they could
potentially benefit from lens exchange, particu-
larly affecting their difficulties in situations of
dim illumination.

8.4.3 Ocular Risk Factors

As mentioned above, ocular risk factors for the
development of GA encompass certain drusen
characteristics, pigment alterations or RPE de-
tachments. However, what factors influence the
rate of atrophy enlargement once GA has com-
menced? There is evidence to suggest that num-
ber, distribution, and regression of drusen, as
well as incipient atrophy, may play a role [43].
However, these characteristics are difficult to re-
cord and to quantify with conventional methods
including fundus photograph and fluorescein an-
giography. FAF imaging, as a new modality, is su-
perior for the evaluation and identification of ad-
ditional disease markers. As already mentioned,
it has been shown that areas with increased FAF
intensities in the junctional zone of atrophy, and
therefore, excessive RPE LF load, precede the
development of new areas of GA or the enlarge-

119



120

New Perspectives in Geographic Atrophy Associated with AMD

ment of preexisting atrophic patches (Fig. 8.3)
[26]. Additional analyses confirmed that FAF
findings are suitable for identifying novel prog-
nostic factors and for monitoring patients over
time. The FAM Study has shown that eyes with
larger areas of increased FAF outside atrophy
were associated with higher rates of GA progres-
sion over time compared with eyes with smaller
areas of increased FAF outside the atrophy at
baseline [48]. These findings suggest that these
areas are positively correlated with the degree of
spread of GA over time (Fig. 8.5). A large area
of increased FAF surrounding atrophy obviously
represents a high-risk factor for the rate of GA
progression and, therefore, for additional visual
loss with enlargement of the absolute scotoma
associated with GA. This is functionally relevant

for the patient in terms of need for low-vision
aids, ability to read, and quality of life.

A more recent analysis of the FAM Study of 195
eyes in 129 patients showed that variable rates of
progression of GA are dependent on the specific
phenotype of an abnormal FAF pattern at base-
line (Figs. 8.6, 8.7) [27]. Atrophy enlargement was
the slowest in eyes with no abnormal FAF pattern
(median 0.38 mm?/year), followed by eyes with
the focal FAF pattern (median 0.81 mm?/year),
then by eyes with the diffuse FAF pattern (median
1.77 mm?/year), and by eyes with the banded FAF
pattern (1.81 mm?/year; Figs. 8.8, 8.9). The differ-
ence in atrophy progression between the groups
with no abnormal and focal FAF patterns and the
groups with the diffuse and banded FAF patterns
was statistically significant (p<0.0001). Overall,

Fig.8.5 Two examples of the influence of the extent of increased FAF around atrophy and atrophy progression.
For the baseline images, areas of atrophy and the convex hull of increased FAF around atrophy are outlined (left).
The middle image illustrated the extent of increased FAF at baseline as the difference between the convex hull and
the total baseline atrophy (green area), which is nearly double the size in the lower (12.8 mm®) compared with
the upper example (6.5 mm?). Looking at the right images, the lower patient had an atrophy progression rate
of 3.10 mm?/year over a time period of 5.6 years, while the upper patient experienced atrophy enlargement of
0.76 mm?/year after 6.3 years
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Figs. 8.6, 8.7 Relationship between specific FAF phenotypes and atrophy progression in patients with GA
due to AMD showing the baseline FAF image (left) and follow-up FAF image (right) for each eye respectively.
The examples with no abnormal FAF abnormalities (Fig. 8.6, top, atrophy progression 0.02 mm?/year, follow-up
12 months) and with only small areas of focally increased autofluorescence at the margin of the atrophic patch
(Fig. 8.6, bottom, 0.36 mm?/year, follow-up 15 months) have less rapid atrophy enlargement compared with the
examples with a diffuse fine granular FAF pattern (Fig. 8.7, top, 1.71 mm?/year, follow-up 12 months) and with
the banded type (Fig. 8.7, bottom, 2.52 mm’*/year, follow-up 18 months) of increased FAF surrounding the GA

phenotypic features of FAF abnormalities had a
much stronger impact on atrophy progression
than any other risk factor that has been addressed
in previous studies on progression of GA due to
AMD. These findings underscore the importance
of abnormal FAF intensities around atrophy and
the pathophysiological role of increased RPE LF
accumulation in patients with GA due to AMD.
Phenotypic differences may not be only respon-
sible for the great range of atrophy enlargement
within different patients (see above), but they
may also reflect heterogeneity at the cellular and
molecular level of the disease process. As there is
a high degree of intraindividual symmetry, ge-
netic determinants rather than nonspecific ageing
changes may be involved in the disease process
[4]. The findings on the role of polymorphisms in
genes coding for CFH, BE and LOC387715 are in
accordance with the assumption that genetic fac-
tors may play a major role in the pathophysiology
of AMD [14, 19, 23, 30, 39].

Natural history data and identification of high-
risk characteristics will also help to test novel in-

terventions in future clinical trials to slow down
the spread of atrophy in order to preserve vision
in patients with atrophic AMD.

Summary for the Clinician

B Smoking as well as genetic variations in
the genes coding for the complement
system and in LOC387715 are risk fac-
tors for AMD in general, but are not spe-
cific to particular phenotypes including
GA.

B No statistically significant difference be-
tween atrophy progression and lens sta-
tus (cataract versus pseudophakia) has
been demonstrated so far.

B The extent of the area of increased FAF
surrounding atrophy identified by SLO
imaging is correlated with the rate of at-
rophy progression over time and reflects
the pathophysiological role of RPE LE.
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Fig.8.8 Fundus photograph (right), FAF image (left) and results of fundus perimetry (FP) with Goldmann IIT
size test points (right) for a GA eye with no increased FAF (top) and a GA eye with a diffuse trickling FAF signal
in the junctional zone of atrophy (bottom). The colored rectangles on the FP image show the loss of local retinal
sensitivity in comparison to age-adjusted normal values (scale on the right eye in 1-dB steps). The yellow cross
surrounded by a yellow circle represents the center of fixation. The upper FP image has more blue rectangles, while
the lower has more pale blue to green rectangles, indicating a stronger decrease in retinal function for the lower
patient compared with age-correlated normal values

Summary for the Clinician 8.5 Development of CNV
B Distinct phenotypic patterns of FAF in Eyes with GA

abnormalities in the junctional zone of
atrophy show significant differences in
atrophy progression rates over time and
are of predictive value, while others in-
cluding smoking, age, and baseline atro-
phy have no or little influence. Atrophy
enlargement is more rapid in eyes with
the diffuse or banded pattern compared
with eyes with the focal or nonexistent
abnormal pattern.

The high degree of intraindividual sym-
metry concerning FAF morphology and
atrophy progression between fellow eyes
suggests that genetic determinants rath-
er than nonspecific ageing changes may
be involved in the disease process.

Age-related macular degeneration is a multifac-
torial disease and is known to occur in various
manifestations. The FAF findings presented above
suggest that even further phenotypes could be
differentiated in GA patients. It is clinically well
known that GA atrophy may manifest as a bilat-
eral disease or unilaterally, involving only one
eye [18, 20]. The fellow eye may be affected by
any other AMD manifestation and stage, includ-
ing CNV or disciform scar. Eyes showing typical
early features of GA that develop CNV over time
have also been described [56]. One other impor-
tant aspect is the histological finding that eyes
that were clinically diagnosed as having pure
GA showed small, inactive CNV post-mortem,
which indicates that CNV is more frequent than
the clinical impression would suggest [20, 43].



When CNV develops in previously diagnosed
GA patients, it may show an evanescent appear-
ance and it is often difficult to outline its borders
and to differentiate hyperfluorescence caused by
CNV or by transmission defects of atrophic areas
[55]. Here, careful examination for other charac-
teristics of CNV such as hemorrhage is manda-
tory. In addition, optical coherence tomography
investigation may be helpful.

The percentage of unilateral and bilateral GA
patients, as well as the prevalence and the risk of
development of CNV out of GA over time, is very
inconsistent in different studies [27, 31, 44, 56].
Reported rates of CNV development for GA pa-
tients range between 1.5% and 49%. This makes
it difficult to compare available data because it is
well known that unilateral GA patients with CNV
or disciform scars in the fellow eye are at par-
ticularly high risk. The best data so far are those
obtained by Sunness and coworkers, who showed
for patients with GA in one eye and CNV in the
fellow eye a cumulative rate of CNV development
of 18% at 2 years and 34% at 4 years, while the cu-
mulative incidence for bilateral GA patients was
2% at 2 years and 11% at 4 years respectively [56].

Summary for the Clinician

B Choroidal neovascularization can devel-
op before and after the occurrence of GA
is seen in the same eye.

B Extensive atrophy protects against the
development of CNV.

B No clear data on the conversion rates from
GA to CNV and vice-versa are available.

8.6 Visual Function in GA Patients

Lacking not only the RPE, but also the neurosen-
sory retina including the photoreceptors, atro-
phic areas constitute an absolute scotoma for the
patient. Furthermore, patients have decreased vi-
sion in dim illumination and decreased contrast
sensitivity [55]. Measurement of visual acuity
does not correlated well with the total GA size
in earlier stages of the disease and may therefore
not reflect the actual visual function of the pa-
tient, including stability of fixation and the ability

8.6 Visual Function in GA Patients

to read and to recognize faces. Using advanced
technology, more accurate testing of patients’ vi-
sual abilities can be achieved.

8.6.1 Measurement of Visual Acuity

Visual acuity measurement in the clinical set-
ting will hardly reflect the actual visual function
of the patient in the early course of the disease
when the fovea is not involved. For example, a
donut-like configuration of atrophy could result
in a good central visual acuity because of sparing
of the fovea (Fig. 8.2) [32]. However, the patient
may be able to read single letters on the chart,
but not larger words or recognize faces because
the residual island of normal functioning fo-
veal retina is too small. Therefore, visual acuity
testing in the earlier courses of the disease may
not give information about the actual abilities
to cope with visual daily tasks and thus poten-
tially underestimates the patient’s visual func-
tion. Moreover, these findings explain the weak
correlation between visual acuity and total size of
atrophy when the fovea is not involved. This has
also been statistically confirmed in prospective
natural history studies [27, 55].

When the fovea is involved, a dramatic loss in
visual acuity, including reading vision, is noted.
Schatz and MacDonald showed for eyes with
baseline visual acuity of 20/50 or better an 8%
annual rate of deteriorating to 20/100 or worse
[44]. For eyes with baseline visual acuity of 20/50
or better, the prospective natural history study
of Sunness and coworkers showed a rate for a 3-
line loss after 2 years of 41% and after 4 years of
70%; the proportion of eyes with visual acuity of
20/200 or less was 14% after 2 years and 27% af-
ter 4 years [55].

After foveal involvement, while atrophy con-
tinues to grow and to involve the whole macular
area, subsequent further loss of visual acuity at a
lower rate is observed. At 2 years, eyes with GA
and visual acuity of 20/200 or worse at baseline
had a 3-line loss rate of 15%; none of the eyes lost
6 or more lines. At this stage, a statistically signifi-
cant correlation between visual acuity and total
size of atrophy has been shown [54]. One other
important role in visual function is now played by
the stability of fixation. At this stage, the eccentric
fixation pattern may be unstable at the beginning
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and gradually improve over time. In patients with
bilateral GA and central scotoma, improvement
of fixation and visual acuity in the worse-seeing
eye has been observed in relation to deterioration
in visual acuity of the better fellow eye [6, 57].

8.6.2 Contrast Sensitivity

A chief complaint of patients with GA is reading
and performing other visual tasks in dim light.
The worsening in visual acuity is greater in GA
patients compared with patients with drusen
and/or pigment alterations on the ETDRS acu-
ity chart when a neutral density filter is placed
over the eye [57]. Furthermore, dark adaptation
is delayed for both rod and cone systems and GA
patients have reduced contrast sensitivity even
in the presence of good visual acuity [9]. These
findings in visual function may be explained
by retinal changes other than atrophy, e.g., in-
creased LF accumulation at the level of the RPE
and the onset of localized dysfunction of retinal
areas [47, 49].

8.6.3 Reading Speed

Although requiring more time, the testing of
reading speed particularly helps to assess the vi-
sual function in GA patients and is an important
aspect of quality of life. Typical early complaints
of patients are difficulties in reading, which
continue to gradually deteriorate over time. As
mentioned above, patients with foveal sparing
may have good visual acuity, but an inability
to read words or text in the early course of the
disease because of extensive atrophy and there-
fore functional scotoma in the perifoveal region.
Later, with foveal involvement, reading speed is
dependent on the total size of atrophy and the
location of the eccentric preferred retinal locus
for fixation [54]. Fixation with the scotoma to
the right and fixation with the scotoma superior
have been shown to be the most frequent fixation
patterns in an US population and to be advanta-
geous for the reading rate compared with fixation
with the scotoma to the left. While reading may
be become more and more difficult with progres-
sion of atrophy, it is important that patients are
equipped with appropriate magnifiers and are

instructed to use high luminance while reading.
Considering that location and stability of eccen-
tric fixation can be potentially trained, patients
should be encouraged to use these devices and to
benefit from low vision interventions.

8.6.4 Fundus Perimetry

Using the SLO, fundus perimetry (FP) allows for
exact correlation between fundus changes and
functional impairment [40]. Since areas of GA
can be identified using the infrared light source of
the SLO, it is possible to determine and compare
retinal threshold sensitivities in and around areas
of GA. This is particularly interesting for retinal
areas surrounding atrophy, in the so-called junc-
tional zone. Here, the disease is presumably ac-
tive [26]. As mentioned above, FAF imaging—a
technology that is based on the SLO—allows
different patterns of areas with increased FAF in-
tensities to be identified in the junctional zone
of atrophy in GA patients and thus areas with
increased LF accumulation [5, 41, 52]. Combin-
ing both FP and FAF imaging, one study of 39
eyes in 39 patients showed an overall difference
in reduction of retinal sensitivity in compari-
son to age-matched normal values between eyes
with normal FAF in the junctional zone of atro-
phy and eyes with different degrees of increased
FAF patterns [47]. The overall average reduction
was greater when areas with increased FAF were
detected in the eyes (44.9% versus 26.2% of the
tested light stimuli) and was statistically signifi-
cant using a multiple regression model, which
takes the size of the total GA area and group affili-
ation as covariates (Fig. 8.8). The comparison of
areas with increased FAF and areas with normal
FAF within eyes that have areas of increased FAF
also resulted in a higher percentage of locations
with sensitivity loss than areas with increased
FAF. These findings are in accordance with the
data of Scholl et al. who found that in AMD eyes
in general the scotopic sensitivity loss exceeds the
photopic sensitivity loss in areas with increased
FAF, using fine matrix mapping [49].

Even if these two studies demonstrated a func-
tional correlate of decreased retinal sensitivity
and areas with increased FAF and therefore the
relevance of excessive LF accumulations in RPE
cells in the context of developing AMD, no clear



pattern of different degrees of elevated FAF and
reduction of retinal sensitivity was found. Within
eyes, different degrees of impaired retinal sensi-
tivity were observed on retinal loci that showed
similar FAF signals, while a similar decrease in
retinal sensitivity was seen on retinal loci that

had different FAF signals. This may indicate a

more complex relationship among LF accumula-

tion in the RPE, detected levels of FAF, and mea-
sured reduction of retinal dysfunction. Various
explanations could be considered:

1. Increased FAF and LF accumulation represent
an epiphenomenon and not a causative factor,
i.e., excessive LF accumulation may be an ex-
pression of RPE cell dysfunction rather than
being a cause of it.

2. A reproducible quantitative measurement
of the FAF signal (gray levels) over localized
retinal areas is not possible with the tempo-
rarily available instruments. This is largely
because media opacities—with lens opacities
being the most important factor—are associ-
ated with different degrees of absorption of
light in the wavelength range used for excita-
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tion and emission in FAF imaging. Additional
reasons are inconstant laser power of the SLO,
different positions of patients at different
examinations, and eye movements. Therefore,
localized retinal areas are qualitatively distin-
guished with a normal background from areas
with increased FAF but a precise quantitative
comparison of the FAF signal and the func-
tion measured by FP can not be performed.

. The time course may play a role. To date, the

time frame from detectable increased FAF
signal, impaired photoreceptor function to
developing atrophy along with an absolute
scotoma has not been investigated. A possi-
ble relationship over time between increased
FAF, visual function and atrophy of the RPE
is illustrated in a theoretical model in Fig. 8.9.
The gray values of the FAF image only show
the FAF signals at the time of the examina-
tion. While it can be assumed that any area of
increased FAF observed at a certain time had
been before an area with normal background
signal, it may not be possible to say whether
an area with elevated FAF is in the process

[ 100%

50%

Percentage of retinal sensitivity

——] 0%

Time

Fig.8.9 Theoretical model for the relationship between FAF signal and retinal sensitivity over time in the junc-
tional zone of GA. The left vertical axis shows the gray value of the detected FAF signal (0 = black, 255 = white),
while the retinal function is illustrated by the right vertical axis (0% = no function, 100% = normal function). It
may not be possible to determine whether an area with increased FAF is in the process of increasing accumulation
of LF (point p) or is in the state of transferring from maximum LF accumulation to development of atrophy (point
q)- But this would be of great importance because retinal function would be assumed to be very different between

the two points
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of increasing accumulation of LF (point p)
or whether it is in the state of turning from
maximal accumulation of LF to development

of atrophy (point q), i.e., if the gray value of

the area is represented at the ascending or at
the descending part of the FAF signal graph.
Therefore, it is impossible to define the stage
of the disease process of a localized area with
increased FAF on a single FAF image with-
out having previous or follow-up images. The
time course of changes in FAF signals and the
relationship between different degrees of in-
creased FAF patterns and retinal sensitivity
over time might be clarified in a longitudinal
study with patients with GA using fundus FAF
and FP with regular review.

Summary for the Clinician

B Measurement of visual acuity does not
correlate well with the total GA size in
earlier stages of the disease and may
therefore not reflect the actual visual
function of the patient, including stabil-
ity of fixation, ability to read, and to rec-
ognize faces. Foveal sparing of atrophy
may result in good visual acuity, but not
useful daily visual function because the
residual island surrounding the atrophy
is too small.

W Typical visual complaints in patients
with GA include difficulties in reading
and decreased contrast sensitivity. Read-
ing speed is dependent on the stability of
fixation, which may change over time.

W Areas of increased FAF in the junctional
zone of atrophy are correlated with de-
creased retinal sensitivity, which may
reflect the pathophysiological role of in-
creased LF accumulation and its harmful
effects on normal cell function

B Changes in FAF intensity can so far only
be graded in a qualitative fashion. The
quantification of FAF signals would be
very helpful to better interpret FAF find-
ings. .
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Chapter 9

Florian K.P. Sutter, Mark C. Gillies, Horst Helbig

Core Messages

B Diabetic macular edema is a common
blinding disease that represents a sig-
nificant burden with the increasing inci-
dence and prevalence of diabetes world-
wide and limited resources for public
health systems.

B Screening is essential to detect vision-
threatening stages prior to loss of visual
function.

B Binocular stereoscopic ophthalmoscopy
with the slit-lamp remains the most im-
portant diagnostic tool. Optical coher-
ence tomography (OCT) has rapidly
come to play an important role in diag-
nosis and follow-up and may further
guide treatment strategies and research
in the future. Fluorescein angiography is
mandatory to show capillary nonperfu-
sion; for other purposes its importance
may decrease.

B Treatment strategies combine the op-
timization of systemic risk factors with
systemic and local pharmacological
therapies as well as laser interventions
and surgical approaches.

B Ophthalmologists may play a key role in
patient motivation and effective cooper-
ation with general practitioners, primary
care physicians, and endocrinologists is
essential.

B Laser therapy is still based on the prin-
ciples of the ETDRS (Early Treatment
of Diabetic Retinopathy Study), but has
been adapted so that lighter burns of
longer duration are used. Intravitreal
triamcinolone acetonide (IVTA) is an
alternative to grid coagulation for dif-
fuse edema, but steroid-related adverse
effects represent a significant problem
with long-term use of this treatment.

B The risks of diabetic macular edema
worsening after uneventful modern cata-
ract surgery seem to be small. Risks and
potential benefits, however, should be
weighed against each other based on the
clinical situation.

B The use of novel anti-VEGF compounds
is under investigation and not recom-
mended outside experimental settings.

9.1 Introduction

Diabetic macular edema (DME), a microvascu-
lar complication of diabetes mellitus, accounts
for about three-quarters of cases of visual loss
due to diabetic eye disease, yet it is still an un-
derestimated complication of diabetes [61]. Loss
of vision from DME may be prevented with ap-
propriate treatment in some but not all cases.

Prevention of its development, however, should
be the primary goal of management.

9.2 Epidemiology

Diabetic retinopathy is the leading cause of visual
impairment in patients aged 20 to 74 in devel-
oped countries [6, 38]. The Wisconsin Epidemio-
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logic Study of Diabetic Retinopathy (WESDR)
reported that none of the patients with type I
diabetes of less than 5 years’ duration had macu-
lar edema compared with 32% of patients after
22-24 years with the disease. In another study,
only 5% of people with type II diabetes showed
macular edema 5 years after diagnosis compared
with 28% after 21-22 years [41].

There seems to be a genetic predisposition
for the development of diabetic retinopathy.
Some polymorphisms of the aldose reductase
gene have been found to be associated with an
increased risk of diabetic retinopathy and other
microvascular complications after controlling for
independent risk factors [19, 83]. By contrast,
there are individuals who do not develop reti-
nopathy despite extended disease duration with
mediocre glycemic control, suggesting the pres-
ence of an unknown protective factor.

Significant variations in the incidence and
prevalence of diabetic macular edema have been
reported by various epidemiologic studies de-
pending on the type of diabetes (type I or II), the
mode of treatment (insulin, oral hypoglycemic
agents or diet only), and the mean duration of dis-
ease [84]. In general, the lifetime risk of develop-
ingasight-threatening retinal complication (mac-
ular edema or proliferative retinopathy) is almost
50% for a patient with type I diabetes and one in
three for a patient with type II diabetes [72].

With the inexorable increase in the incidence
of type II diabetes, diabetic retinopathy includ-
ing diabetic macular edema has become a major
public health problem with significant socioeco-
nomic implications, since an increasing number
of affected patients are of working age. There are
now approximately 200 million people with dia-
betes in the world with an increase of 10 million
people per year [85].

Some racial groups are at higher risk of de-
veloping diabetes. The self-reported prevalence
of diabetes in Latinos over 65 in Los Angeles was
found to be as high as 25.7% [7]. The Los Angeles
Latino Eye Study found a prevalence of macu-
lar edema of 10.4% of people with diabetes. The
prevalence of visual impairment (best-corrected
visual acuity worse than 20/40 in the better eye)
in persons with diabetes was 6%, compared with
2% of those without diabetes [82]. Diabetic reti-

nal disease (retinopathy and macular edema)
was responsible for 18% of patients with low vi-
sion or blindness [14]. In view of these statistics,
and taking into account the increase in diabetes
in developing and developed countries around
the world [85], a dramatic increase in patients
with diabetic macular edema is anticipated in the
years to come.

Summary for the Clinician

B Diabetic macular edema is a common
cause of blindness due to the increasing
number of diabetes patients worldwide
and limited public health resources. .

9.3 Pathophysiology

The development of macular edema is not lim-
ited to people with diabetes, but represents a
common response to a range of retinal diseases.
The macula has a significant predilection for the
development of edema. This is probably due to
the loose intercellular adhesion in this area, the
absence of Miiller cells in the fovea and possibly
the higher susceptibility of the macula to both
hypoxic and oxidative stress.

Vascular endothelial damage is a major con-
tributor to diabetic retinopathy and diabetic
macular edema. This results in the breakdown
of the inner blood retina barrier and accumula-
tion of fluid and serum macromolecules in the
intercellular space. Macular edema is visible on
fundoscopy as retinal thickening associated with
exudates and usually microaneurysms. The lat-
ter are the result of microvascular damage and
thought to be the consequence of loss of capillary
pericytes, proliferation of endothelial cells, and
outpouching of the vessel wall.

9.4 Diabetic Macular Edema
and Laboratory Science

One of the fundamental problems in understand-
ing diabetic macular edema is the limited infor-




mation from laboratory science that is available
on its pathogenesis and treatment. While some
therapeutic strategies like laser coagulation or in-
travitreal steroids have been shown to be effective
in clinical trials, the understanding of precisely
how they work is rudimentary. One important
reason for this is the shortage of appropriate and
accessible animal models. While streptotocin-in-
duced diabetic rats are easily available, they are
not a good model for macular edema because
rodents do not have a macula. Although it has
been shown that there is increased leakage soon
after the induction of diabetes, they do not de-
velop retinal thickening but rather retinal thin-
ning. Galactose-fed dogs are a better model, but
the development of retinal changes takes up to
5 years [21]. Sub-human primates have macular
structures similar to those of humans, but are not
easily available as animal models due to obvious
financial and ethical issues.

9.5 Quality of Life

The WESDR showed a reduced mean visual func-
tion questionnaire (VFQ) score of 83 in patients
with macular edema compared with a mean score
of 88 for all study participants [44]. This is con-
sistent with results from studies assessing quality
of live and reduced central vision due to other
macular diseases. The effect of macular edema on
quality of life and dependency of patients may be
compounded by other complications such as pe-
ripheral vascular disease and neuropathy, which
further affects patients’ mobility in conjunction
with reduced vision. Impaired vision may make
achieving good glycemic control more difficult in
people with insulin-dependent diabetes if it af-
fects their ability to draw up an accurate dose of
insulin in a syringe.

9.6 Diagnosis and Screening

For all types of diabetic retinopathy it is neces-
sary to apply treatment in the vision-threatening
stages before the eyes actually begin to lose vi-
sion. Diabetic microvascular disease is a chronic
progressive process. The goal of therapy is rarely

9.6 Diagnosis and Screening

improvement of vision; in most cases it is preser-
vation of vision and avoidance of further visual
loss. How best to screen regularly for retinopa-
thy the hundreds of millions of people with dia-
betes around the world is a controversial subject.
While dilated stereoscopic fundus examination
by an experienced examiner is highly sensitive
and specific, it imposes a huge workload and re-
quires a high density of experienced health care
providers. This may be difficult to perform regu-
larly in remote areas. Fluorescein angiography is
helpful in detecting leaking points and ischemia
prior to treatment, but it is an invasive interven-
tion that is not appropriate for routine screen-
ing. Optical coherence tomography (OCT)
allows noninvasive quantitative and examiner-
independent examination of macular edema, as
well as traction at the vitreoretinal interface, but
may be unable to detect significant retinopathy if
edema is absent [54]. The role of OCT in screen-
ing for diabetic retinopathy has not been ad-
equately studied. Currently, there is considerable
scientific interest in digital fundus photography
with automated grading of diabetic changes [60]
(e.g., microaneurysms counting). For patients in
remote areas screening approaches using tele-
medicine are being developed [50, 62]. Screen-
ing techniques, however, do not completely
replace a formal eye examination with patient
counseling.

Summary for the Clinician

B Early screening is vital, prior to loss of
visual function.

B Binocular stereoscopic ophthalmoscopy
with the slit-lamp remains the most im-
portant diagnostic tool.

B Optical coherence tomography plays an
important role in diagnosis and follow-
up.

B Fluorescein angiography is essential for
demonstrating capillary nonperfusion.
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9.7 Types of Diabetic
Macular Edema

9.7.1 Clinically Significant
Macular Edema

The Early Treatment of Diabetic Retinopathy

Study (ETDRS) was one of the first large clini-

cal trials sponsored by the National Eye Institute

(NEI). The ETDRS coined the term “clinically

significant macular edema” (CSME) for macular

edema that involves or threatens the center of the

fovea [20]. The definition of CSME includes:

1. Thickening of the retina at or within 500 um
of the center of the macula

2. Hard exudates at or within 500 um of the cen-
ter of the macula, if associated with thickening
of the adjacent retina (i.e., not residual hard
exudates remaining after the disappearance of
retinal thickening)

3. A zone or zones of retinal thickening 1 disc
area or larger, any part of which is within 1
disc diameter of the center of the macula

9.7.2 Focal Diabetic Macular Edema

In addition to this spatial classification, diabetic
macular edema can be clinically divided into
focal edema and diffuse edema. In focal edema
there are localized areas of retinal thickening
caused by focal leakage from retinal capillaries
or microaneurysms. These areas are frequently
demarcated by partial or complete rings of hard
exudate called circinate exudates.

9.7.3 Diffuse Diabetic
Macular Edema

In diffuse macular edema there is more wide-
spread thickening of the macula secondary to
generalized abnormal permeability of the retinal
capillaries. This generalized leakage is thought
to be the result of compensatory dilation of per-
fused capillaries in the presence of occlusion in
neighboring parts of the capillary bed. Risk fac-
tors for the progression to diffuse macular edema
are increasing microaneurysm count [43], adult
onset diabetes, hypertension, cardiovascular dis-

ease, vitreomacular adhesion, and advanced reti-
nopathy [51]

In clinical practice, however, a wide variety of
mixed forms may be encountered and there is no
clear-cut scientific definition of focal and diffuse
edema.

9.7.4 Cystoid Macular Edema

As mentioned above, macular edema is a non-
specific complication of many underlying patho-
logical processes. In many of these conditions the
formation of cystoid spaces (frequently radially
oriented) filled with ophthalmoscopically clear
fluid may be observed. This cystoid appearance
may or may not be associated with diabetic macu-
lar edema. An attached posterior hyaloid surface
seems to play a role in the pathogenesis of cystoid
macular edema [31]. The presence or absence of
this cystoid appearance, however, does not di-
rectly influence prognosis or management.

9.7.5 Ischemic Macular Edema

An important variant of diabetic macular edema
is “nonperfused” or “ischemic” macular edema.
Gradually increasing occlusion of macular capil-
laries is commonly present in the course of dia-
betic macular disease. Rarification of the peri-
foveal network and occlusion of the perifoveal
capillary arcade is a poor prognostic indicator
of central visual acuity. Eyes with capillary oc-
clusion in the peripheral macula may still have
good central visual function. Only angiography
is able to show the degree of ischemia in diabetic
retinopathy.

9.7.6 OCT Patterns of Diabetic
Macular Edema

Optical coherence tomography is a fast and non-
invasive tool for examining the retina in cross-
sectional images that correlate well with retinal
histology [78]. OCT allows not only a quantita-
tive, but also a qualitative analysis of the impor-
tant features of diabetic macular edema. Several
different patterns of structural changes within



the retina in diabetic macular edema have been
reported and correlated with visual acuity [40].
It is likely that the analysis of these OCT patterns
in the future will reduce the requirement for
fluorescein angiography and guide therapeutic
strategies. A novel OCT-based classification of
diabetic macular edema has been proposed [59],
which takes into account five parameters: retinal
thickness, diffusion, volume, morphology, and
presence of vitreous traction.

9.8 Treatment

Treatment of diabetic macular edema (and dia-
betic retinopathy) combines the optimization
of systemic risk factors with systemic and local
pharmacological treatment as well as laser inter-
vention and surgical approaches.

Since diabetic retinopathy and macular edema
are the result of microvascular damage and isch-
emia, all treatment concepts ideally should aim
to improve vascular integrity and/or ocular oxy-
genation [73] in the long term.

9.8.1 Systemic Treatment

9.8.1.1 Glycemic Control

Tightblood glucose control is essential for the pre-
vention of all types of diabetic end organ damage
and complications including diabetic retinopathy
and diabetic macular edema. The population-
based WESDR showed a strong relationship be-
tween baseline glycosylated hemoglobin (HbA1c)
values and the incidence of macular edema over
al0-year period [42]. The Diabetes Control and
Complications Trial (DCCT) demonstrated a
26% reduction in the risk of developing macular
edema in the intensive insulin treatment group
compared with the conventional therapy group in
people with type I diabetes. Tight glycemic con-
trol is therefore strongly recommended for all pa-
tients with diabetes. However, there is no specific
figure to aim for. There is no level of HbAlc below
which the risk of diabetic eye disease cannot be
lowered any further. However, since with tighter
control there is an increasing risk of hypoglyce-
mic complications as well [16], an HbAlc level

9.8 Treatment

of 7.0% is the target level recommended by the
American Diabetes Association’s guidelines [1].
On the other hand, the National Health and Nu-
trition Examination Survey III demonstrates that
only a few patients with diabetes reach this level
of control [45]. In addition to being a risk factor
for the development of macular edema, elevated
levels of HbA1lc have been found to be associated
with poor response to focal laser treatment as
well as with bilateral disease [18]. It is noteworthy
that tight blood glucose control is cost effective
because it substantially reduces the costs of com-
plications [29].

9.8.1.2 Blood Pressure Control

People with type I diabetes with a diastolic blood
pressure within the fourth quartile range had a
3.3-fold increased risk of developing macular
edema compared with patients with diastolic
blood pressure values in the first quartile range in
the WESDR. The UK Prospective Diabetes Study
(UKPDS) [79] reported a 47% reduction in loss
of 3 or more lines of visual acuity (mainly due to
macular edema) associated with tight blood pres-
sure control [80] in people with type II diabetes.
The Appropriate Blood Pressure Controlin Diabe-
tes (ABCD) study, however, failed to demonstrate
a significant effect of intensified blood pressure
control in people with type II diabetes [23]. This
may be due tolower blood pressure values at base-
line and poorer glycemic control in participants
in the ABCD study compared with other trials.

It is important to note that a significant effort
is often needed to reach and maintain tight blood
pressure control. Many patients require three or
more hypotensive medications in order to reach
therapeutic goals, which is an additional burden
for these patients, who may also have a number
of other health problems.

9.8.1.3 Reducing Levels
of Blood Lipids

In the ETDRS there was a positive correlation
between serum lipid levels and an increased risk
of developing hard exudates and decreased visual
acuity [11]. Data from the Diabetes Control and
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Complications Trial (DCCT) show a predictive
value of total-to-HDL cholesterol ratio and LDL
for the development of clinically significant macu-
lar edema in people with type I diabetes. How-
ever, there is little evidence so far for the efficacy
of lipid-lowering medications in preventing the
development of macular edema or visual loss.

9.8.1.4 Treatment of Renal
Dysfunction and Anemia

There are some reports of improvement of dia-
betic macular edema after initiation of appropri-
ate treatment in patients with diabetes with ne-
phropathy [55] or anemia [25]. However, there
are no controlled trials supporting these anec-
dotal observations.

9.8.1.5 Smoking

Smoking is a major and reproducible risk factor
for diabetic microvascular and macrovascular
complications. Even if there are no trials report-
ing the beneficial effects of smoking cessation on
diabetic macular edema it is obvious to include
this measure in the essential steps to reducing
systemic risk factors in patients with diabetes.

9.8.2 Systemic Pharmacotherapy
9.8.2.1 PKC-B Inhibitors

Protein kinase C is a group of isoenzymes in-
volved in intracellular signal transduction that
are activated in response to various stimuli. Hy-
perglycemia preferentially induces the activation
of the PKC-f3 isoform. Ruboxistaurin mesylate, a
selective inhibitor of PKC-13, has been shown to
reduce the risk of vision loss (40% reduction),
need for laser coagulation (26% reduction), and
progression of macular edema (26% reduction)
compared with placebo [63]; however this study
did not achieve its primary endpoint. Further
randomized clinical trials are underway to de-
termine whether this class of drugs will find a
role in the prevention of loss of vision in patients
with diabetes.

9.8.2.2 Aldose Reductase
and AGE Inhibitors

Hyperglycemia results in elevated levels of sor-
bitol secondary to an increase in the activity of
the polyol pathway. Endothelial aldose reductase
plays a key role in this pathway. The build-up of
intracellular sorbitol that is produced as a result
of this increased activity may result in cellular
damage [27]. While clinical trials of aldose re-
ductase inhibitors have reduced the number of
nonperfused capillaries, fluorescein leakage, and
microaneurysm counts, there was no significant
effect on the progression of diabetic retinopathy
[13].

Increased formation of advanced glycosyl-
ation end products (AGE) in diabetes has been
proposed as another possible mechanism lead-
ing to vascular endothelial cell damage. In the
diabetic dog model the AGE inhibitor amino-
guanidine effectively inhibited the development
of diabetic retinopathy [39]. Recently, a novel
AGE inhibitor has been shown to be effective in
the diabetic rat model [74]. A clinical trial dem-
onstrating the efficacy of AGE inhibitors in the
treatment of people with diabetes has not yet
been reported.

9.8.2.3 Antioxidants

Hyperglycemia is followed by an increased pro-
duction of free radicals (reactive oxygen species)
by various mechanisms. Free radicals are thought
to play a key role in the development of micro-
vascular damage in diabetes. Reduction of free
radicals should therefore have a beneficial effect
on diabetic microvascular complications [57]
like diabetic retinopathy and macular edema.
Conclusive clinical trials in this area are lacking.
Calcium dobesilate (Doxium), for example, is a
potent antioxidant registered for the treatment of
diabetic retinopathy in more than 20 countries
[5]. While there are many reports of its benefi-
cial effect on vascular permeability and erythro-
cyte membrane properties in vitro and in animal
models [48, 58, 68], whether it is clinically effica-
cious remains controversial [64].



9.8.3 ATeam Approach
to the Prevention
of Loss of Vision in People

with Diabetes

It is an important function of eye care specialists
in developed countries to screen people with dia-
betes in order to prevent diabetes-related blind-
ness. Many patients seen will have some degree of
retinopathy for which specific ophthalmic treat-
ment is not yet needed. In many of these patients
the development of the ocular complications of
diabetes could be prevented with optimization of
systemic risk factors as previously described. It
has been shown that in many patients the fear of
becoming blind is more important than the fear
of dying. Modern digital photography documents
retinal changes and allows their demonstration
to the patient at the time of examination. By
contrast, the systemic complications of diabetes,
such as renal or vascular disease, remain invisible
and to a certain extent theoretical for the asymp-
tomatic patient. Ophthalmologists are therefore
in a unique position to explain the importance
of addressing systemic risk factors to the patient
and to increase the patient’s motivation and com-
pliance. It is important, however, that this com-
munication between eye care specialist and pa-
tient takes place in a constructive, friendly, and
empowering way. The ophthalmologist should
seek not to intimidate a patient with the pros-
pect of blindness, but rather to explain the cor-
relation of poor diabetes control and “worsening
of sight” In cases in which systemic risk factors
are poorly controlled it may be helpful to arrange
an appointment with the primary care physician
(general practitioner) or endocrinologist soon af-
ter the eye check, combined with an appropriate
letter suggesting redoubling of efforts to control
systemic risk factors. In our clinical experience
cooperation, good communication among the
GP, the endocrinologist, and the ophthalmolo-
gist is an invaluable tool to empower the patient’s
motivation and cooperation. All ophthalmolo-
gists should try to make use of this tool in the
best interest of their patients with diabetes.

This sounds simple, but it obviously takes sig-
nificant time and personal emphasis during busy
clinics. It is important that each patient under-
stands that it is not the ophthalmologist’s role to
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maintain visual function by his treatments, but
that the prognosis of his or her vision in the fu-
ture mainly depends on control of systemic risk
factors. This control is a day-to-day struggle for
the individual patient and his primary care phy-
sician. Advanced ophthalmic diagnostic machin-
ery, laser photocoagulation, and drugs may be of
only marginal use if systemic risk factors remain
uncontrolled.

Many patients do not understand the differ-
ence between random blood glucose levels (in
mmol/l) that they measure themselves and gly-
cosylated hemoglobin levels (HbAlc, presented
as a percentage), which reflect glycemic control
over a period of several months and which are
closely correlated with visual outcomes. In our
view it is essential that every patient with dia-
betes understands the difference between these
two measures and is encouraged to be aware of
the target and current HbA1c values, which they
should report to their ophthalmologist at every
visit.

The cooperation between ophthalmologist
and primary care physician is of particular
importance in patients with “early worsening.
This phenomenon, which is a common cause of
“florid diabetic retinopathy” [49], refers to cases
in which acute tightening of glycemic control
after long-standing severe hyperglycemia may
trigger rapid progression. It has been linked to
upregulation of insulin-like growth factor 1
(IGF-1). Laser treatment has been reported to
be less successful in these cases, but restoration
of poor metabolic control [10], as well as the
administration of a somatostatin analogue [9],
may be helpful. Most diabetologists now try to
lower blood glucose slower, in order to prevent
the “early worsening” of diabetic retinopathy.
Furthermore, it is important to emphasize that
the long-term benefits of intensive treatment
outweigh the risks of early worsening [17].

Summary for the Clinician

B Ophthalmologists play an important part
in patient motivation and in cooperating
with general practitioners, primary care
physicians, and endocrinologists.
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9.8.4 Local Ophthalmic Treatment

Laser treatment has been the main interven-
tion for diabetic macular edema for the past two
decades and remains the cornerstone of man-
agement. The Early Treatment of Diabetic Reti-
nopathy Study (ETDRS) was a large multicenter
randomized clinical trial carried out between
1980 and 1989 and sponsored by the US National
Eye Institute (NEI). Although completed almost
20 years ago, the principles of treatment of dia-
betic retinopathy and macular edema continue
to be based on its findings. One goal of the study
was to examine the efficacy of laser photocoagu-
lation for macular edema guided by fluorescein
angiography. Treatment was applied to “clinically
significant macular edema” (CSME) as defined in
Sect. 9.7.1. The ETDRS showed that the risk of
moderate visual loss (3 or more lines on a Log-
MAR chart) was reduced by 50% in eyes treated
with immediate laser coagulation compared with
control eyes (12% vs. 24%) at 3 years.

9.8.4.1 Focal Macular Laser

The goal of focal laser treatment is to seal focal
leaks. The preferred endpoint as described in the
ETDRS was to obtain a whitening or darkening
of the microaneurysms. Spot sizes from 50 to
200 pm could be used, although the 50- to 100-
pm spot sizes were usually used. Within 500 um
of the centre of the macula, the 50-um spot size
was recommended. Clumps of microaneurysms
could be treated with larger spot sizes (200-
500 um), but additional treatment with 50- to
100-um spot sizes was necessary to obtain dark-
ening or whitening of the individual microaneu-
rysms. Exposure time was limited to 0.1 s or less.
The 0.05-s exposure was suggested when treating
within 500 um of the center of the macula.

9.8.4.2 Grid Macular Laser

Grid photocoagulation is applied to areas of
thickened retina showing diffuse fluorescein
leakage and/or capillary drop-out, with any asso-
ciated focal leak treated as outlined above. Retinal
thickening associated with diffuse leakage or cap-

illary drop-out identified by fluorescein angiogra-
phy is treated with 100- to 200-um burns of light
intensity (above the threshold, but less intense
than those applied for panretinal photocoagula-
tion [PRP]) with constant attention to energy
levels, since uptake in these areas can be variable.
At least one burn width is left between burns. Ar-
eas of intense leakage are covered with grid spots
placed one burn width apart, while areas of less
intense leakage can be treated with a more widely
spaced grid. The grid is not placed within 500 pm
of the disc margin, but can be placed in the papil-
lomacular bundle. It can extend in all directions
up to 2 disc diameters from the center of the mac-
ula, or to the border of PRP treatment.

The exact treatment technique for both focal
and grid coagulation is described in great detail
in the ETDRS report number 2 [20].

9.8.4.3 Recent Trends in Macular
Laser Therapy

Even though the principles of macular laser
therapy have been established 20 years ago, these
recommendations [20] still form the basis of the
current treatment guidelines. However, laser
photocoagulation of the macula is inherently
destructive and creates a small area of irrevers-
ible damage to the retinal tissue. Furthermore,
enlargement of the laser scars with progression
into the central fovea and subsequent loss of vi-
sion has been reported [69]. Most laser surgeons
these days have therefore adapted their laser tech-
niques. There is a trend toward larger spot sizes,
lower energy levels, and longer exposure times,
especially for grid coagulation in cases of diffuse
edema. Currently, much lighter intensities are
used in order to obtain a barely discernible reac-
tion of the RPE. There is an increasing number of
retina specialists who do not “shoot aneurysms,”
as described by the ETDRS, any more since the
color change requires too more energy and is not
necessary. For focal leaks away from the center
more visible effects are suggested, as this may
be more effective with regard to the need for re-
treatment in these areas. For very central leaks
observation combined with improved systemic
disease control are preferred and treatment at the
margin of the foveolar avascular zone is avoided.
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The efficacy of the ring-like or “c”-like untar-
geted grid laser coagulation around the center of
the macula is usually disappointing in clinical
practice. Therefore, if there are no appropriate
targets for focal laser coagulation demonstrated
by fluorescein angiography we tend to withhold
this treatment and to discuss other therapeutic
options like intravitreal corticosteroids or vitrec-
tomy.

9.8.4.4 Micropulsed, Sub-threshold
“Selective” Laser Therapy

Histologic studies have shown that there may be
a full thickness retinal reaction, even to barely
visible laser burns [65]. In clinical pilot studies
sub-threshold laser coagulation (using a green
Nd:YLF micropulsed laser) was effective in eyes
with diabetic macular edema, while minimizing
chorioretinal damage [52, 66]. Randomized clin-
ical trials examining the efficacy of sub-threshold
laser therapy, however, are still under way.

Summary for the Clinician

W Laser therapy is still carried out in ac-
cordance with the ETDRS, but there is
now a tendency toward applying lighter
burns of longer duration.

B Intravitreal triamcinolone acetonide is
an alternative to grid coagulation for
diffuse edema, but long-term use brings
steroid-related adverse effects. .

9.8.4.5 Vitrectomy

The absence of posterior vitreous detachment
may be associated with cystoid macular edema
in eyes of patients with diabetes [31]. Pars plana
vitrectomy was reported to be associated with re-
duced diabetic macular edema and stabilizing or
improving vision in eyes with diabetic macular
edema by consecutive uncontrolled case series
[32, 46]. Possible explanations for such an effect
include the release of traction on the vitreoreti-
nal interface due to macular traction, epiretinal
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membranes and taut posterior hyaloid surfaces,
as well as the increased oxygenation that some au-
thorities propose that vitrectomy may afford [73].
A feasibility study assessed the options and hur-
dles of a randomized clinical trial comparing vit-
rectomy and laser coagulation, but failed to dem-
onstrate any evidence of efficacy [77]. Whether
peeling of the inner limiting membrane is advis-
able in these cases needs further evaluation [71].
The advances in surgical technique as well as the
possibility of evaluating subtle pathologies at the
vitreoretinal interface using OCT may improve
outcomes and identify a role for vitrectomy in
the treatment of diabetic macular edema.

A major drawback of vitrectomy for diabetic
macular edema is the fact that it reduces the ef-
ficacy and duration of intravitreal triamcinolone
(Sect. 9.8.4.6), which may be a problem if the vit-
rectomy fails to be effective.

9.8.4.6 Intravitreal Steroids

Glucocorticoids have been widely used for the
treatment of edema in the brain [24]. Their ef-
ficacy is possibly mediated through suppres-
sion of vascular endothelial growth factor [30].
Since the blood-brain barrier is similar to the
blood-retinal barrier, corticosteroids have been
evaluated for the treatment of macular edema.
Furthermore, steroids have been found to reduce
vascular leak [81] and to suppress the release of
endothelial cell activators [2] in asthma, which is
also characterized by increased vascular leakage.

Initially, uncontrolled interventional case
series reported an unprecedented efficacy of in-
travitreal steroids (usually triamcinolone aceton-
ide) in reducing diabetic macular edema, often
accompanied by significant improvement of vi-
sual acuity [33, 34, 53]. These uncontrolled se-
ries were followed by randomized, placebo-con-
trolled trials demonstrating the efficacy of IVTA
compared with standard care, both short- [75]
and long-term [28]. While these studies were
generally performed in eyes with persistent macu-
lar edema, despite focal and/or grid coagulation,
a recently published trial demonstrated the effi-
cacy of IVTA vs. laser coagulation [4].

Although the efficacy of this treatment is gen-
erally accepted, there are some uncertainties re-
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garding the optimal dosage of IVTA. A recently
published randomized prospective study found
no difference in efficacy and safety between 2 mg
and 4 mg IVTA [3], while other studies compar-
ing 4 mg, 6 mg, and 8 mg [47], as well as 2 mg,
5mg, and 13 mg [70] found a more prolonged
effect of higher dosage.

The beneficial effect of an intravitreal injec-
tion of triamcinolone in most cases lasts for 6-
9 months. In the Intravitreal Triamcinolone for
Clinically Significant Diabetic Macular Oedema
That Persists After Laser Treatment (TDMO)
study the mean number of injections was only
2.4 over 2 years with a total potential of five injec-
tions according to the study protocol [28]. It has
been reported that repeated intravitreal injections
may not be as effective as the initial treatment [8];
however, the TDMO study found that there was
no difference in the reduction in central macular
thickness and improvement in visual acuity in
eyes receiving 4-5 injections, compared with the
first injection (unpublished data).

The high incidence of steroid-related adverse
events associated with intravitreal triamcinolone
need to be weighed against the benefits of treat-
ment. In the only randomized controlled trial
(RCT)with 2 years” follow-up [28, 75] 54% of
phakic treated eyes required cataract surgery. All
cataract extractions were performed 1-2 years
after beginning treatment. As modern minimally
invasive cataract surgery is a relatively safe and
efficacious intervention, the risk of developing
cataract may not be an absolute contraindication
to treatment with intravitreal triamcinolone in
eyes that are otherwise losing vision despite con-
ventional treatment.

The other significant steroid-related adverse
event associated with IVTA is elevation of intra-
ocular pressure, which may subsequently lead
to the development of glaucomatous optic neu-
ropathy, if not detected and promptly treated. In
the 2-year study referred to above, 44% of treated
eyes required glaucoma medication and 6% re-
quired trabeculectomy. Steroid-related pressure
rise may be dramatic and resistant to medical
treatment.

The introduction of IVTA has been a major
advance in the treatment of refractory diabetic
macular edema. The high risk of steroid-related
adverse events, however, leaves room for im-

provement and innovation in treatment strate-
gies. Macular laser photocoagulation after IVTA,
for example, has been shown to maintain im-
proved vision [36] and may reduce recurrent
macular edema after IVTA.

9.8.4.7 Periocular Steroids

In order to avoid some of the adverse events as-
sociated with intravitreal therapy, particularly
infectious endophthalmitis, some authors have
studied the use of periocular steroids to treat
diabetic macular edema. While some have found
this approach to be effective [4a], but with a less
pronounced effect than IVTA, some trials found
no significant effect compared with placebo [22].
Further studies are needed to delineate the value
of periocular steroid injections in clinical prac-
tice.

9.8.4.8 Intravitreal Anti-
VEGF Antibodies

Patients with diabetic macular edema have been
found to have increased levels of VEGF in the
vitreous [26]. Thus, the potent and specific anti-
VEGF drugs pegaptanib (Macugen), an anti-
VEGF aptamer; bevacizumab (Avastin), an anti-
VEGF antibody); and ranibizumab (Lucentis),
an anti-VEGF antibody fragment are obvious
candidates for the treatment of diabetic macular
edema and prospective clinical trials are under
way. A phase II RCT [15] of pegaptanib and some
experimental pilot studies with ranibizumab have
been published and report some efficacy [12, 18].
These new compounds may not be as effective as
IVTA, but they do not cause the adverse events
associated with corticosteroids. On the other
hand, the frequent injections (every 4-6 weeks)
for a presumably extended period that may be
required with the currently available anti-VEGF
compounds, make injection-related complica-
tions such as infectious endophthalmitis a major
drawback.

A further important issue is the consideration
that upregulation of VEGF in diabetic eye dis-
ease that will subsequently contribute to macular
edema (and proliferative diabetic retinopathy)



represents a physiologic response to the hypoxic
stimulus that is the impetus for these patho-
physiological processes. Intraretinal reperfusion
of nonperfused areas has been demonstrated in
longitudinal angiography studies [76], which is
most likely dependent on VEGF upregulation.
Inhibiting VEGF may counteract this mechanism
and therefore worsen retinal ischemia. It is there-
fore from a theoretical point of view questionable
whether therapeutic strategies decreasing VEGF
directly without improving the oxygenation of
the retina represent a valid long-term therapeu-
tic principle for this disease. It is entirely pos-
sible that repeated injections of anti-VEGF com-
pounds may decrease macular edema in the short
term, but accelerate the development of ischemic
diabetic eye disease in the long term. In our view,
anti-VEGF remains an experimental treatment
for diabetic macular edema at the moment.

Summary for the Clinician

B Therapeutic strategies for diabetic macu-
lar edema involve combating systemic
risk factors and the use of systemic and
local pharmacological therapies, laser
treatments, and surgical approaches.

B Investigation of novel anti-VEGF com-
pounds is underway. They are not rec-
ommended outside experimental set-
tings.

9.8.4.9 Cataract Surgery

Cataract surgery appears to aggravate diabetic
retinopathy and diabetic macular edema. While
the progression of diabetic retinal disease is well
documented after intracapsular and extracapsular
cataract extraction, recent studies [37, 67] found
only a limited influence of modern, unevent-
ful, small-incision phacoemulsification. Disease
progression was associated with systemic factors
and stage of retinopathy, but less with surgery it-
self. The limitation of these studies, however, is
the lack of adequate controls. On the other hand,
even in diabetics without retinopathy, extracap-
sular cataract surgery induces macular edema

9.9 Current Clinical Practice/Recommendations

more frequently than in nondiabetics [56], prob-
ably due to the more vulnerable blood-retina
barrier in diabetics.

The potential benefits of cataract surgery in
diabetic patients, therefore, always need to be
weighed against the small but present risk of pro-
gression of retinopathy and macular edema.

However, if significant lens opacities are pres-
ent in eyes with diabetic retinopathy or macular
edema, cataract surgery seems to be a rather safe
option to improve the vision of these patients.
Still, it seems advisable to stabilize systemic con-
trol for some months prior to surgery. In cases
of significant retinopathy or macular edema
cataract surgery may be combined with an in-
traoperative injection of triamcinolone, even if
well-performed studies showing its efficacy are
still scarce [35].

9.9 Current Clinical Practice/

Recommendations

Summarizing the previously given information,

the following recommendations can be made:

1. The treatment of diabetic macular edema
should combine the current standard of care
and the new therapeutic options as appropri-
ate for each individual patient.

2. It is essential to encourage patients with dia-
betic macular edema to optimize the control of
their systemic risk factors. The first step in our
recommended approach to the management
of diabetic macular edema is a detailed con-
versation with the patient and his or her rela-
tives about the importance of controlling sys-
temic risk factors in order to reduce the risk of
loss of vision. This is combined with a detailed
report to the GP, primary care physician or
endocrinologist. A detailed history (duration
of diabetes, presence of other complications,
current medication, glycemic and blood pres-
sure control, history of eye surgery and laser,
duration and speed of visual loss) is taken and
each patient should be thoroughly examined
with dilated fundus examination. OCT and/
or fluorescein angiography is included in the
work-up as needed in order to assess the ex-
tent and type of macular edema (focal, diffuse,
cystoid, ischemic, macular traction or a com-
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bination). Special attention should be paid to
the vitreoretinal interface (traction, posterior
vitreous detachment [PVD], taut or thickened
posterior hyaloid, epiretinal membrane).

Depending on these findings one of the following

treatment options may be offered to the patient:

1. In patients with poor and improvable sys-
temic control (especially blood pressure) or
diabetic renal disease and stable visual acuity
or slow decrease in vision, initiation of bet-
ter systemic treatment (blood glucose, blood
pressure, hemodialysis, anemia) should be the
first step. Specific ophthalmic treatment may
be deferred if possible and ophthalmologic
follow-up should be scheduled. Re-evaluation
of ophthalmologic treatment may occur after
improvement of systemic treatment.

2. For cases of focal edema without significant
ischemia, focal laser is still the first choice of
treatment. Compared with the ETDRS guide-
lines we recommend applying lighter burns of
longer duration and to perform the treatment
in more than one session in severe cases.

3. Intravitreal or (rarely) peribulbar steroids are
recommended in cases in which laser treat-
ment has not been effective, or seems unlikely
to be. If the eye is phakic the risk of steroid-in-
duced cataract must be discussed. If there are
significant lens opacities at baseline cataract
extraction may be combined with IVTA intra-
operatively. Pre-existing glaucoma or family
history of glaucoma should be taken into ac-
count. Intraocular pressure has to be followed
closely.

4. After IVTA the situation should be re-evalu-
ated and focal laser coagulation applied if ap-
propriate.

5. Vitrectomy (combined with peeling of epireti-
nal membranes and the ILM) may be consid-
ered for eyes with pathology of the vitreoreti-
nal interface. This procedure may be preceded
by or combined with intravitreal steroids.

6. For all these options the other features of dia-
betic retinopathy should be taken into account
and therapeutic approaches may be combined
(focal laser followed by PRP, IVTA followed
by PRP, vitrectomy combined with endolaser
coagulation, etc.)

7.

In individual cases of uncontrollable adverse
steroid effects after IVTA and persistent or
relapsing edema with further deterioration of
vision treatment with VEGF antagonists on
an experimental basis may be offered to the
patients.

. The efficacy of all these different therapeutic

approaches should be monitored and evalu-
ated and strategies may be varied depending
on the development of visual acuity, clinical
findings, and the onset of complications.
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Chapter 10

Rajeev S. Ramchandran, R. Keith Shuler, Sharon Fekrat

Core Messages

B Despite the multitude of cases series and
reports of various treatments for retinal
vein occlusions, grid pattern laser photo-
coagulation is the only proven therapy to
obtain visual improvement for a certain
subset of eyes with branch retinal vein
occlusion.

B Ocular and systemic risk factors for de-
veloping a retinal vein occlusion should
be addressed.

B While medical therapies have primarily
addressed the sequelae of a retinal vein
occlusion, namely macular edema, many
surgical therapies have generally focused
on anatomically circumventing or re-
solving the vein occlusion.

B In developing more effective treatment
strategies, a greater understanding of
the histopathology and pathophysiol-
ogy of retinal venous occlusive disease is
necessary.

B A more thorough comprehension of the
natural history of retinal venous occlu-
sive disease is required in order to de-
termine the actual benefit of proposed
treatments.

B Adequately powered, well-designed,
prospective clinical trials are needed to
establish efficacy of any future treatment
strategies for retinal venous occlusive
disease.

B One such prospective trial, The Stan-
dard of Care vs. Corticosteroid for Reti-
nal Vein Occlusion (SCORE) Study, is
underway to determine the long-term
effects of intravitreal injection of triam-
cinolone acetonide for, and the extended
natural history of, central and branch
retinal vein occlusions

10.1 Introduction

Retinal vein occlusion (RVO) has been reported
to occur in 1-2% of the population and is the
second most common retinal vascular disease
after diabetic retinopathy. It is more common
in individuals with underlying vascular disease
who are older than 50 years and increases in in-
cidence with age. Based on anatomic pathophysi-
ology and extent of retinal involvement, RVO has
been classified into three entities: branch, central,
and hemi-retinal vein occlusion (BRVO, CRVO,

and HRVO). Each type has its own natural his-
tory and management strategy (Table 10.1). Two
multi-center, randomized controlled trials have
demonstrated only limited visual improvement
after laser therapy for macular edema and neo-
vascularization, but they have formed the foun-
dation for the way in which RVO has been man-
aged. Since the completion of these trials, many
more recent pharmacologic and surgical inter-
ventions have targeted the anatomic and cellular
pathophysiology of RVO with varied success at
improving vision.
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Table 10.1 Current management strategies for vein occlusion. rt-PA recombinant tissue plasminogen activator,
VEGF vascular endothelial growth factor, ILM internal limiting membrane

Branch retinal vein occlusion Central retinal vein occlusion

Observation

Grid pattern laser photocoagulation
Intravitreal triamcinolone or anti-VEGF
Sustained steroid release devices
Vitrectomy + ILM peeling

Vitrectomy with arteriovenous sheathotomy

10.2 Pathophysiology

The precise pathophysiology of retinal vein oc-
clusion is unknown.

Branch retinal vein occlusion primarily occurs
at arteriovenous crossings, where arteries and
veins course through the same adventitial sheath
[23, 78, 87]. It is postulated that arterial changes,
such as those seen in hypertensive disease, lead
to compression of the underlying, relatively flac-
cid, venous vessel wall, which obstructs venous
blood flow. This impedance of flow, as well as
the turbulent nature of flow at the arteriovenous
crossing points, may allow for the formation of
a thrombus, as seen histopathologically [8, 22,
34, 53]. Whether an actual thrombus is present
is unknown.

Central retinal vein occlusion, as the name
implies, has been associated with thrombus for-
mation in the central retinal vein at the level of
the lamina cribrosa [39]. Inflammation of vas-
cular endothelium with disruption of laminar
flow through the central retinal vein in this re-
gion may also lead to venous obstruction [27,
39]. The visual prognosis is generally poorer for
eyes with CRVO compared with that of BRVO. In
approximately one-fifth of eyes, the venous sys-
tems draining the superior and inferior retinal
regions each join a superior and inferior venous
trunk that connect to form a single central vein
posterior to the lamina cribrosa. Occlusion of the
superior or inferior venous trunk in these eyes
may lead to a hemiretinal vein occlusion, which
has clinical features and an ocular prognosis simi-

Observation

Systemic anticoagulation

Grid pattern laser photocoagulation
Intravitreal rt-PA

Intravitreal triamcinolone or anti-VEGF
Sustained steroid release devices

Laser chorioretinal venous anastomosis
Vitrectomy + ILM peeling

Retinal vein cannulation

Radial optic neurotomy

lar to CRVO [21, 43]. However, in the currently
ongoing Standard of Care vs. Corticosteroid for
Retinal Vein Occlusion (SCORE) Study, spon-
sored by the National Eye Institute (NEI), HRVO
is considered to be a subset of BRVO.

In spite of histopathological data on each reti-
nal vein occlusion subgroup, the pathophysiol-
ogy of this group of disorders has not been fully
understood. Visual impairment is primarily due
to two inter-related mechanisms, macular isch-
emia and macular edema, which result from
the venous occlusion-induced-retinal hypoxia.
Retinal and/or vitreous hemorrhage from vein
occlusions can impair vision acutely, but these
generally resolve over time and have rarely led to
permanent vision loss.

10.3 Branch and Central Vein

Occlusion Studies

10.3.1 Background

The current standard of care for treating BRVO
and CRVO is based on findings from two mul-
ticenter, randomized, controlled studies initiated
by the NEI in the 1970s. Named the Branch Vein
Occlusion Study (BVOS) and Central Vein Oc-
clusion Study (CVOS) respectively, these studies
have evaluated the natural history and demon-
strated the effectiveness of various treatments
targeted at decreasing macular edema, improv-
ing vision, and decreasing retinal and anterior
segment neovascularization [9, 10, 16-19].



10.3.2 Branch Vein Occlusion Study

In the Branch Vein Occlusion Study, one-third
to one-half of eyes with BRVO regained a visual
acuity of 20/40 or better without therapy at 1 year.
For the remaining eyes, a history of hypertension
or decrease in vision due to macular edema for
more than 1 year made it less likely for vision to
be gained without an intervention. Therefore, the
BVOS suggested observing eyes for 3 months for
spontaneous resolution of macular edema and
improvement in vision. This time would also
allow for the clearing of any intraretinal hemor-
rhage in the foveal center that could contribute
to vision loss. A high-resolution fluorescein an-
giogram would then be performed to determine
the perfusion status of the macula. If leakage on
the fluorescein angiogram was seen with perfu-
sion of vessels in the macula, grid pattern laser
was recommended. Grid pattern laser is not in-
dicated for eyes with macular ischemia (as seen
on the fluorescein angiogram), which may have
macular edema without leakage.

Specifically, the BVOS showed that, by 3 years,
63% of eyes treated with grid pattern laser photo-
coagulation gained about 2 lines of vision com-
pared with 36% of untreated eyes. However, the
mean visual gain for the treated group was only
1 Snellen line of acuity compared with untreated
eyes [5, 9, 29].

Grid pattern laser photocoagulation was per-
formed using a blue-green argon laser with a
light-to-medium spot burn measuring 50-100 um
in diameter, at a 0.1-s duration, in the area of per-
fused angiographic leakage and outside the foveal

Table 10.2 Grid laser specification for treating macu-
lar edema after branch retinal vein occlusion (BRVO)
according to the Branch Vein Occlusion Study

Size 50-100 um

Exposure 0.05-0.1's

Intensity Mild

Number Cover areas of diffuse
retinal thickening

Placement 1-2 burn widths apart
(500-3,000 um from fovea)

Wavelength  Green to yellow

10.3 Branch and Central Vein Occlusion Studies

avascular zone (Table 10.2). It is theorized that
this laser stimulates the retinal pigment epithelial
cells to reabsorb fluid from the edematous retina
and thins the retina to allow for more oxygen
diffusion from the choriocapillaris into the in-
ner retina [84]. Increased oxygen concentration
may allow for retinal vascular constriction and
help limit vasogenic edema [78]. Currently, along
with fluorescein angiography, optical coherence
tomography (OCT) is used to follow macular
edema over time, and if persistent edema is seen,
additional grid pattern laser may be considered.

The BVOS demonstrated the benefit of scat-
ter laser photocoagulation in eyes that had de-
veloped retinal neovascularization. Eyes with
BRVO having more than 5 disc diameters of
retinal nonperfusion on fluorescein angiography
are at greater risk of developing retinal neovas-
cularization. This usually occurs during the first
6-12 months. Although a rare event after BRVO,
anterior segment neovascularization may also
occur, particularly in individuals with diabetes,
but it is independent of the presence of diabetic
retinopathy. According to the BVOS, eyes treated
with prophylactic scatter laser to the ischemic
retina had an incidence of retinal neovascular-
ization of only 20% compared with 40% in the
untreated group. However, advocating prophy-
lactic treatment of all ischemic eyes would result
in applying scatter laser to many eyes that would
never develop neovascular changes. Therefore,
the BVOS has advocated the use of scatter laser
photocoagulation only after retinal neovascular-
ization has been clinically documented in order
to prevent vitreous hemorrhage. Laser treatment
in this fashion decreased the incidence of vitre-
ous hemorrhage from 60% in untreated eyes to
36% in treated eyes [10].

10.3.3 Central Vein
Occlusion Study

The Central Vein Occlusion Study classified eyes
as having a perfused CRVO (less than 10 disc
diameters of retinal ischemia) or a nonperfused
CRVO (greater than 10 disc diameters of reti-
nal ischemia) based on fluorescein angiographic
characteristics. The ability to see clearly and per-
ceive light acutely after CRVO were the strongest
predictive factors for visual recovery [16]. After a
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period of 3 years, the majority (65%) of eyes with
baseline vision of or better than 20/40 remained
at this level, and nearly 20% of eyes with base-
line vision 20/50-20/200 improved to better than
20/40. In contrast, during the same period, 80%
of eyes with baseline vision worse than 20/200
did not improve. By the end of this study, almost
40% of eyes with baseline vision 20/50-20/200
were worse than 20/200. This is consistent with
nearly 40% of eyes converting from a perfused to
a nonperfused status over the same period [19].

Grid pattern laser was not effective in improv-
ing vision in eyes with non-ischemic macular
edema. Although macular edema resolved in
nearly 30% of treated eyes compared with 0% of
untreated eyes at 1 year, mean visual acuity was
20/200 for treated eyes and 20/160 for untreated
eyes at 3 years. Extensive damage to the perifo-
veal capillary bed was thought to be the reason
for this poor visual outcome [16]. There was a
clinical trend suggesting that photocoagulation
may be more effective in the eyes of patients un-
der the age of 65. Seventeen treated eyes (23%)
had an improvement of 2 or more lines of visual
acuity, and 11 of those were individuals who were
less than 60 years old. The results, however, were
not statistically significant.

For nonperfused eyes, the CVOS showed that
it was better to delay panretinal photocoagula-
tion (PRP) until neovascularization appeared,
rather than performing prophylactic treatment.
Early treatment of ischemic CRVO with PRP
decreased the development of anterior segment
neovascularization to 20% compared with 34%
in untreated eyes. However, eyes treated after the
development of anterior segment neovasculariza-
tion demonstrated greater resolution of the new
blood vessels at 1 month compared with eyes
treated prophylactically. Ninety-percent of eyes
treated after the development of anterior segment
neovascularization showed marked regression of
neovascularization by 2 months [19].

The current standard of care is to wait until
neovascularization develops before performing
PRP. In general, neovascularization of the iris
or angle tends to occur more readily than neo-
vascularization of the disc or retina in eyes with
CRVO, but the treatment for these manifestations
of neovascularization is the same. For eyes with
extensive retinal ischemia, prophylactic treat-

ment may be considered, especially if frequent
follow-up is difficult.

Summary for Clinician

B To date, the BVOS and CVOS studies
are the only published randomized con-
trolled trials of the treatment of RVO.

B Grid pattern laser photocoagulation is
only advocated for nonischemic macular
edema in eyes with BRVO.

B Itis prudent to wait until neovasculariza-
tion is present before initiating scatter la-
ser photocoagulation in eyes with BRVO
or CRVO, although treatment may be
initiated in eyes with extensive ischemic
disease if follow-up is questionable. .

10.4 Systemic Pharmacologic
Treatments

Systemic medical therapies have demonstrated
varied success in improving visual outcomes in
eyes with RVO. Increased retinal perfusion after
CRVO has been achieved with oral pentoxifylline.
This vasodilator may promote collateral circula-
tion development. Oral pentoxifylline combined
with hemodilution, to decrease blood viscosity,
has proven to significantly improve visual acuity
after 12 months compared with ordinary saline
infusions in a randomized, prospective trial [85].
However, anticoagulation with warfarin sodium
(Coumadin) has not been effective in prevent-
ing or altering the consequent natural history
of CRVO [57]. One case report has shown brief
improvement in macular edema and vision after
treatment with oral corticosteroids and another
has shown similar improvement after intrave-
nous steroids [74].

Summary for Clinician

B Currently, use of systemic pharmaco-
logic therapies for treating RVO is not
widely advocated. .




10.5 Targeting Macular Edema

Animal studies have shown that venous occlu-
sions result in retinal hypoxia of varying degrees
depending on the location of the occlusion [45].
Retinal hypoxia triggers the release of proin-
flammatory mediators, such as platelet-derived
growth factor and platelet-activating factor [63],
that upregulate vascular endothelial growth fac-
tor (VEGF) production. VEGF has been shown
to increase phosphorylation of occludin and
zonula occluden 1, as well as other tight junction
proteins, and thereby increase retinal capillary
permeability [1, 3, 68, 77]. Ischemic retinal tis-
sue also releases prostaglandins and interleukins
that further increase vascular permeability. With
the resulting leakage of vascular proteins into the
extracellular space, an osmotic gradient is cre-
ated that leads to vasogenic retinal edema. Reti-
nal ischemia resulting from vein occlusion also
results in localized shutdown of cell function,
which leads to cytotoxic edema of the intra- and
extracellular space [31]. From cellular analy-
sis, vision loss is thought to be due to macular
edema-associated retinal anatomic disorganiza-
tion and atrophy, pigmentary changes, and pho-
toreceptor cell death [58].

10.6 Intravitreal Pharmacotherapy

10.6.1

Currently, intravitreal treatments, which are less
likely to have systemic side effects and risks, have
been promoted. These pharmacologic therapies,

Background

Downregulation of inflammatory markers

10.6 Intravitreal Pharmacotherapy

including intravitreal corticosteroids and anti-
VEGF agents, presently target the increased vas-
cular permeability and inflammation following
RVO at the cellular and molecular level.

Experimental studies have shown that intra-
vitreally injected corticosteroids, such as triam-
cinolone acetonide, counteract and limit the ef-
fects of intraocular vasogenic and inflammatory
mediators, such as VEGE, and thus, help stabilize
the blood-retina barrier and decrease vascular
permeability (Table 10.3) [52]. Small retrospec-
tive and prospective interventional case series
have shown the effectiveness of intravitreal tri-
amcinolone acetonide at the 4-mg/ml dose in
decreasing macular edema and improving visual
acuity after RVO. One small case series has also
shown similar effectiveness of intravitreal anti-
VEGF in treating macular edema after RVO. In
addition to the small number of cases (10-20
eyes) reviewed, the variation in time to treatment
from onset of RVO (ranging from 2-15 months
on average), the relatively short follow-up period
of about 1 year for most studies, and the nonran-
domized nature of these studies must be consid-
ered (Table 10.4) [6, 14, 15, 20, 47, 50-52, 58, 67,
75, 86].

Steps for intravitreal injection (Fig. 10.1):

1. Obtain written informed consent

2. Administer topical and/or subconjunctival
anesthesia.

3. Perform betadine preparation of lids and
lashes.

4. Insert sterile speculum.

5. Use sterile cotton-tipped applicator to dis-
place the conjunctiva.

» Downregulation of VEGF

» Modulation of adhesion molecule expression
« Inhibition of arachidonic acid pathway

o Decrease in prostaglandin synthesis

« Reduction in intraluminal and periluminal lymphocytes

Reduction of blood-retina barrier/vascular permeability

» Reduction of optic disc edema
« Reabsorption of macular edema

Table 10.3 Triamcinolone acetonide
mechanism of action [60, 83]
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Table 10.4 Reported case series of intravitreal triamcinolone injections for retinal vein occlusion (RVO)

Reference Number Disease Dose Anatomical Mean Mean Mean Mean
of eyes (mg/ml) improvement baseline visual follow-up duration
treated (%) visual acuity at (months) of RVO
acuity endpoint (months)
[86] 12 BRVO 4 12/12 (100) 20/160 20/60 15.3 1.5
[15] 13 BRVO 4 9/9° (100) 20/100  20/70 13 7.4
[75] 17 BRVO 10 14/17 (82) 20/110 20/50 12.1 3.5
[20] 18 BRVO 4 18/18 (100) 20/129 20/100 14 11.6
[67] 10 CRVO 4 10/10 (100) 20/80 20/32 4.8 15.4
[52] 10 CRVO 4 10/10 (100) 20/159 20/142 7.6 6
[47] 13 CRVO 4 13/13(100)  20/500  20/180 6 8
[81] 18 CRVO 2 18/18 (100) 20/300 20/150 4.8 2
[6] 20 CRVO 4 15/20 (75) 20/132 20/37 11 3.5
[14]2 24 CRVO 4 - 20/167 20/91 10 54

252% reduction in mean fovea thickness
b Central foveal thickness measurements only reported for 9 eyes

Fig. 10.1A-C Technique for intravitreal injection.
A Measurement 3.5 mm posterior to the limbus to
mark the site of the injection. B Intravitreal injection.
C Intravitreal triamcinolone acetonide seen in the in-
ferior vitreous




6. Administer intravitreal injection 3.5 mm
posterior to the limbus.

7. Place sterile cotton-tipped applicator over
the injection site after needle removal.

8. Apply sterile topical antibiotic.

9. Perform indirect ophthalmoscopy to verify
the placement of the medication and retinal
arterial perfusion.

10. Measure intraocular pressure (IOP) to see if
it is at an acceptable level.

11. Give a post-injection prescription for the
topical antibiotic.

Intravitreal
Triamcinolone: BRVO

10.6.2

For the majority of cases of BRVO treated with in-
travitreal triamcinolone that have been reviewed
in the literature, mean macular edema and visual
acuity improved nearly 50% by 3-6 months post-
injection. Studies with shorter duration of BRVO
showed more improvement, and one study of
13 eyes demonstrated no relationship between
baseline and post-injection visual acuity [15, 20,
51, 59, 75, 86]. However, after 6 months, visual
acuity and macular edema gradually worsened
toward baseline levels in the majority of eyes, and
many eyes required a repeat intravitreal triam-
cinolone injection. One study also suggested that
previously vitrectomized eyes often require re-
peat steroid injection [86]. These findings paral-
lel the pharmacokinetics of triamcinolone in the
eye. The mean half-life of intravitreal triamcino-
lone has been shown to be about 19 days, with a
measurable concentration lasting 3 months. The
mean half-life has been shown to be even shorter
for vitrectomized eyes, at about 3 days [7].

Although the visual and anatomic results af-
ter repeat injection were reported to be equal
to those seen after the initial injection, repeated
injections increased the risk of IOP rise. Thirty
to 40% percent of treated eyes required IOP-low-
ering medications at 1 year. Significant cataract
formation was also more common in eyes with
repeated injections that were followed for greater
than one year [15]. The risk of developing en-
dophthalmitis, retinal detachment, and vitreous
hemorrhage is also increased with repeated in-
travitreal injections [70].

10.6 Intravitreal Pharmacotherapy

10.6.3 Intravitreal

Triamcinolone: CRVO

Asreported in multiple small interventional cohort
studies, the majority of eyes with CRVO gained
significant visual acuity within a few months of
an intravitreal triamcinolone injection. Eyes with-
out significant retinal ischemia faired much bet-
ter than those with substantial retinal ischemia.
Macular edema also markedly improved within a
few months of injection in many eyes with CRVO,
and in one study, this improvement was similar for
ischemic and non-ischemic occlusions [47]. How-
ever, by 6 months, the treatment effect had waned
in many eyes, and vision and macular edema pro-
gressively became worse. Repeat injections were
performed at this point, and although many eyes
still gained substantial vision and had an improve-
ment in their macular edema, each repeated injec-
tion carried the same risks as previously outlined,
including IOP rise and progression of cataract.
IOP elevation after intravitreal triamcinolone was
more prevalent in the CRVO case series than in
eyes with BRVO. This is consistent with the stron-
ger association of glaucoma with CRVO. Nearly
60-70% of treated eyes with CRVO required treat-
ment for IOP 1 year after treatment. Cataract pro-
gression in treated eyes was similar to that seen
in the BRVO case series, with repeated injections
associated with increased formation of cataracts.
Moreover, few reports showed no significant re-
lationship between baseline and post-treatment
visual acuity, visual acuity and amount of macular
edema, or the duration of RVO and visual acuity
6, 14, 46, 50, 52, 67, 75].

10.6.4 Fluocinolone Acetonide
Intravitreal Implant

Since the effect of intravitreally injected triam-
cinolone is transient, a sustained steroid drug
delivery system may be beneficial. This is espe-
cially true in cases of refractory macular edema
where repeated injections are often necessary.
Both non-biodegradable and biodegradable de-
vices that are implanted surgically or in the office
setting have been developed. Approved in 2005
by the Food and Drug Administration (FDA) for
chronic noninfectious uveitis, a nonbiodegrad-

153



154

Treatment of Retinal Vein Occlusion

Fig. 10.2 A,B Improvement in macular edema after
fluocinolone acetonide implant placement (0.59 mg/
day) in an eye with central retinal vein occlusion
(CRVO). A Pre-implant: best corrected visual acu-
ity 20/80, central macular thickness 600 um. B Two
months post-implant: improvement in best correct-
ed visual acuity to 20/25, central macular thickness
improvement to 220 um. Visual acuity and central
macular thickness remained at this level throughout
12 months. C, D Improvement in macular edema after
intravitreal bevacizumab (Avastin; 1.25 mg/0.05 ml)
in an eye with CRVO. C Pre-injection best corrected
visual acuity 20/100. D One month post-injection im-
provement of visual acuity to 20/20 with total resolu-
tion of macular edema

able, surgically implanted fluocinolone acetonide
intravitreal device (Retisert; Bausch and Lomb,
Rochester, NY, USA) has been effective in treat-
ing macular edema and improving visual acu-
ity in eyes with RVO. By releasing a sustained
amount of drug (0.59 mg/day) for up to 3 years,
this device has proven effective in resolving per-
sistent macular edema and improving visual acu-
ity over an extended period of time without the
need for repeated intravitreal injections [49].

A small prospective case series of 19 eyes
with BRVO and CRVO has shown this device
to be effective throughout 12 months of treating
selected cases of longstanding venous occlusive
disease that was refractory to other therapies. Vi-
sual acuity was stabilized or improved by at least
2 Snellen lines in 70% of eyes at 12 months. The
sustained steroid levels provided by the implant
also improved central macular thickness to the
normal range on OCT by 2 months in most eyes.
At 2 months, the median central macular thick-
ness improvement was 50% and was maintained
at this level throughout 12 months (Fig. 10.2).
However, as in eyes receiving repeated intravit-
real steroid injections, careful monitoring of IOP
and lens status was required. By 12 months post-
implant, about 50% of eyes required IOP lower-
ing medication, about 40% required glaucoma
filtering surgery, and about 70% of previously
phakic eyes required cataract surgery. In addi-
tion, one eye developed infectious endophthal-
mitis within 1 month of device implantation and
subsequently had the device explanted [69].

10.6.5 Standard of Care vs.
Corticosteroid for Retinal
Vein Occlusion Study

With the significant promise shown by intravit-
real steroids of improving visual outcomes after
RVO, its use among retinal specialists as first-line
therapy, especially in eyes with CRVO, has dra-
matically increased, even though positive data
from a clinical trial evaluating this approach are
lacking. Therefore, the National Eye Institute has
funded an ongoing multicenter, prospective, ran-
domized clinical trial to compare 1 mg and 4 mg
of intravitreal triamcinolone with grid pattern la-
ser in BRVO and with observation in CRVO, the



current standards of care. Known as the Standard
of Care vs. Corticosteroid for Retinal Vein Oc-
clusion (SCORE) Study, this project will follow
about 1,200 eyes for up to 3 years (Table 10.5). At
its conclusion, the SCORE study will provide a
better insight into the natural history of RVO as
well as systematically determining whether intra-
vitreal triamcinolone is more effective in treating
RVO than the current standard of care.

Intravitreal Anti-
VEGF Therapy

In addition to corticosteroids, other immuno-
logic agents that directly target the VEGF mol-
ecule are now being used to treat macular edema
and improve vision after RVO. The published
results of a recently completed phase II clinical
trial of pegaptanib sodium (Macugen), a 28-base
ribonucleic acid aptamer directed against the 165
isoform of VEGE, for the treatment of macular
edema after CRVO are still awaited. The effec-
tiveness of monthly intravitreal bevacizumab
(Avastin), a full-length, humanized, murine
monoclonal antibody to multiple biologically ac-
tive forms of VEGE, has been studied in 16 eyes
with refractory macular edema due to CRVO
at a dose of 1.25 mg/0.05 ml [48]. Over 90% of
these eyes demonstrated significant improve-

10.6.6

10.6 Intravitreal Pharmacotherapy

ment in macular edema and gain in visual acuity
over 3 months. These results parallel those seen
for intravitreal triamcinolone, although with tri-
amcinolone, increased cataract formation or a
sustained increase in IOP were significant post-
injection issues. However, the follow-up time
for eyes treated with intravitreal bevacizumab
was brief, and it is unclear whether intravitreal
injections of anti-VEGF agents carry the risks of
cardiovascular events and systemic hypertension
similar to those associated with their systemic
use.

Summary for Clinician

B Intravitreal steroid or anti-VEGF ther-
apy is currently the treatment of choice
for many ophthalmologists for eyes with
RVO.

m Ophthalmologists should be aware of
potential ocular side-effects of intravit-
real steroids and the potential systemic
effects of intravitreal anti-VEGF agents.

B Despite widespread use of intravitreal
triamcinolone, long-term data are still
needed. The results of the SCORE Study
will determine the true efficacy and safe-
ty of intravitreal triamcinolone. .

Table 10.5 SCORE study inclusion and exclusion criteria. VA visual acuity, ETDRS Early Treatment Diabetic
Retinopathy Study, CRVO central retinal vein occlusion, BRVO branch retinal vein occlusion, OCT optical co-
herence tomography, PRP panretinal laser photocoagulation, Nd-YAG neodymium-yttrium-aluminum-garnet,
SCORE standard of care vs. corticosteroid for retinal vein occlusion

SCORE inclusion criteria SCORE exclusion criteria

o Atleast 18 years of age
o Center-involved macular edema due
to CRVO or BRVO
- no longer than 24 months
o Retinal thickness >250 um on OCT
o ETDRS visual acuity score:
— Lower limit: >19 letters (20/400)
- Upper limit: <73 letters (20/40)

Oral corticosteroids within prior 4 months
Prior grid pattern laser photocoagulation
Other cause of macular edema

Other eye disease affecting VA

Prior intravitreal steroid

Periocular steroid within last 6 months
PRP within last 4 months or in next 4 months
Prior vitrectomy

Nd-YAG within the last 2 months
Intraocular surgery within the last

6 months or the next 6 months
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10.7 Surgical Treatments

Because the primary cause of RVO may be an
anatomic problem, a number of surgical treat-
ments to target problematic posterior segment
anatomic relationships have been explored.

10.7.1 BRVO

Pars plana vitrectomy with removal of the pos-
terior hyaloid to relieve potential vitreomacular
traction and to improve posterior segment oxy-
genation with and without gas tamponade has
been shown in small case series to improve visual
acuity and reduce macular edema as evidenced
on exam and by fluorescein angiography [2, 54,
71]. In addition to vitrectomy, non-randomized
studies have shown some benefit of arteriovenous
sheathotomy in re-establishing retinal perfusion,
reducing intra-retinal hemorrhage and macular
edema, and improving visual acuity [61, 64, 66, 72,
73]. An arteriovenous sheathotomy entails using
a bent microvitreoretinal (MVR) or other blade
to section the common arteriovenous sheath and
separate the artery from the underlying retinal
vein at the site of occlusion [66, 73]. It is thought
that decompressing the vein in this fashion al-
lows for venous recanalization and thrombus dis-
placement at the blockage site with the return of
distal venous flow. This technique is not without
complications as nerve fiber layer defects, hem-
orrhage, and retinal detachment, among others,
have been reported. It is also unclear if a stable
thrombus that forms in the compressed vein at
the arteriovenous junction could be dislodged by
potentially creating more space around the ves-
sel. Moreover, given the relatively limited data, it
is difficult to determine the actual benefit of this
treatment for eyes with BRVO and arteriovenous
sheathotomy has largely been abandoned.

10.7.2 CRVO

Multiple surgical treatments for CRVO have been
suggested with limited evidence of effectiveness.
Each strategy seeks to improve the vascular flow
in the retina. Vitreous surgery is routinely per-
formed to treat the sequelae of CRVO, including

non-clearing vitreous hemorrhage and extensive
fibrovascular proliferation. Pars plana vitrectomy
with subsequent induction of a posterior hyaloid
detachment alone may improve the visual out-
come after CRVO by increasing the oxygenation
of the retina by bathing it in aqueous. Simulta-
neous peeling of the internal limiting membrane
may offer benefit, although this has not been
well-studied.

Laser-Induced Venous
Chorioretinal Anastomosis

10.7.2.1

By 3 years, approximately 30% of eyes with CRVO
develop significant retinal ischemia, which car-
ries a poor visual prognosis. In an attempt to
prevent progression to ischemia, the creation of a
chorioretinal anastomosis (CRA) has been tried.
Through this method, the thrombosed central
retinal vein is bypassed and retinal venous blood
can then flow from the retina out through the
choroidal circulation. This connection between
the choroidal and retina circulations has been
created surgically, through trans-retinal veni-
puncture [28], but has more often been accom-
plished with an argon and/or Nd-YAG laser to
rupture the posterior wall of a branch retinal vein
and adjacent Bruch’s membrane. Studies have
demonstrated a 10-54% success rate for CRA
creation in eyes with perfused CRVO [30].

Creation of CRA is not without significant
risk. Acutely, intraretinal, subretinal, and vitre-
ous hemorrhage that may be non-clearing have
all been reported. Venous thrombosis at the site
of the CRA can occur and may lead to distal
retinal ischemia and neovascular complications.
Fibrovascular proliferation, choroidal, retinal,
and anterior segment neovascularization, and
tractional retinal detachment can also occur [11,
12, 28, 30]. Creation of CRA in eyes with an isch-
emic CRVO has met with limited success and is
not recommended [55].

10.7.2.2 Recombinant Tissue
Plasminogen Activator

Anatomically, the main histopathologic feature
of CRVO is a central retinal vein thrombus that



obstructs blood flow and perpetuates an ischemic
environment in the macula. If a thrombus is in-
deed present, dissolving it may lead to improved
visual outcome. Use of thrombolytic agents, such
as recombinant tissue plasminogen activator,
to improve vision after CRVO has shown some
success. Recombinant tissue plasminogen activa-
tor (rt-PA) promotes the formation of plasmin
from plasminogen, and thus initiates a cascade of
events that leads to clot dissolution. Systemic, in-
travitreal, and endovascular rt-PA have all been
reported in small series in the literature with var-
ied outcomes.

Improvement in visual acuity ranging from 30
to 70% after systemic administration of rt-PA has
been shown in a few studies [37, 41, 42, 56]. One
prospective trial reported a mean improvement
of 5 lines after receiving 50 ug of rt-PA systemi-
cally in about 40 out of 96 eyes. However, the
subsequent death of one of the participants due
to an intracranial hemorrhage, after receiving in-
travenous rt-PA in this trial, has discouraged use
of this treatment for CRVO [56].

In an attempt to decrease systemic complica-
tions from rt-PA, intravitreal injections of 50 pg
of rt-PA have been tried for both ischemic and
non-ischemic CRVO. In a short follow-up of
6 months, three studies have shown 3 lines of
improvement in 30-40% of eyes with CRVO of
less than 21 days’ duration [25, 36, 56]. Although
visual improvement after intravitreal rt-PA was
greater in eyes with perfused rather than nonper-
fused CRVO, improvement or change in venous
perfusion was not seen in any of the treated eyes
[68].

Injection of rt-PA (3.4 ml at a concentration
of 200 ug/ml) into a cannulated branch reti-
nal vein toward the optic nerve head after pars
plana vitrectomy has also been performed in
eyes with CRVO [79]. In this way, small quan-
tities of rt-PA are delivered in close proximity
to the thrombosed central retinal vein. In one
study of eyes with CRVO of more than 1 month’s
duration and vision worse than 20/400, 14 out
of 28 eyes recovered more than 3 lines of vision
by 12 months post-treatment. However, com-
plications, including vitreous hemorrhage and
retinal detachment may occur more readily with
the endovascular approach [79]. Further study
is needed.

10.7 Surgical Treatments

10.7.2.3 Radial Optic Neurotomy

It is thought that CRVO may occur in part from
a decreased central retinal vein luminal diameter
at the lamina cribrosa due to compression by a
rigid scleral ring, which increases the risk of lo-
cal thrombus formation. To relieve the presumed
pressure on the central retinal vein at the scleral
outlet, described as a “compartment syndrome,”
a radial optic neurotomy (RON) procedure has
been proposed [65]. Following a pars plana vit-
rectomy, an MVR blade is pushed posteriorly
through the outer optic disc and scleral junction
with the tip placed at the nasal edge of the optic
disc.

Small retrospective case series have shown
visual improvement in eyes with CRVO and a
baseline visual acuity of <20/400. Opremcak and
colleagues reported 8 out of 11 eyes, 6 of which
were nonperfused, to have improved visual acu-
ity after a mean of 9 months following RON [65].
Weizer and co-workers reported quicker clearing
of intraretinal hemorrhage and improvement of
disc congestion after CRVO relative to the known
natural history in 4 out of 5 patients, with mean
visual acuity improving from 4/200 to 20/400
[80]. However, in both studies neovascular com-
plications occurred in 2 eyes.

One prospective study demonstrated that
RON may help to create a CRA at the surgi-
cal site, which favors improved visual acuity.
In this study, 6 out of 14 eyes developed a CRA
after RON. These eyes had a mean visual acuity
of 20/60 compared with a mean visual acuity of
20/110 for eyes without CRA development. In
addition, visual acuity improvement correlated
with a decrease in macular edema after RON,
and 8 out of 14 eyes gained at least 1 line of vision
[35]. Presently, a large prospective, multicenter
randomized clinical trial to evaluate the efficacy
of RON after CRVO is underway in Europe, and
findings from this study will more clearly delin-
eate the effectiveness of RON in treating CRVO.

Although RON is thought to decompress the
central retinal vein and increase venous outflow
and thereby decrease macular edema and im-
prove vision, external decompression of the optic
nerve sheath and posterior scleral ring sectioning
have not been shown to be effective treatments
for CRVO [24, 58, 62, 76].
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10.7.2.4 Intravitreal Triamcinolone:

As Adjunctive Therapy

Two separate case series, one focusing on ra-
dial optic neurotomy (RON) and the other on
endovascular recombinant tissue plasminogen
activator (rt-PA), have looked at combining sur-
gical treatments with intravitreal triamcinolone
injection to treat CRVO. Another case series has
evaluated grid pattern laser combined with intra-
vitreal triamcinolone for both BRVO and CRVO.
However, the outcomes of all of these studies
mirror those of using intravitreal triamcinolone
alone [4, 13].

Summary for Clinician

B Medical therapy should be considered
before pursuing surgical options.

m Currently, surgical therapies for RVO
have not been well studied in random-
ized controlled trials. The results of a
European study on RON for RVO are
awaited to determine the suitability of
this treatment.

B Pars plana vitrectomy with endolaser
treatment may be appropriate in eyes
with a nonclearing vitreous hemorrhage
due to RVO.

B Combined medical and surgical thera-
pies require more study before they are
included in the standard of care. .

10.8 Prevention—Systemic
Factor Control

Prevention of RVO involves addressing the risk
factors that contribute to its occurrence. It is im-
portant that ophthalmologists work with medical
doctors to identify and appropriately treat sys-
temic hypertension, hyperlipidemia, atheroscle-
rotic disease, and diabetes, as these are the most
common systemic factors associated with RVO
as determined in the Eye Disease Case-Control
Study [26, 27]. Systemic hypertension associated
with macular edema after BRVO is also associ-
ated with a poor visual outcome [26].

While the above systemic factors are more
commonly seen in RVO patients over the age
of 60, hypercoagulable states and inflammatory
vascular diseases have also been associated with
RVO in younger patients [32,40]. Coagulopathies
including protein C and S deficiencies, activated
protein C resistance, and the presence of Fac-
tor V Leiden, antiphospholipid antibodies, and
abnormal fibrinogen levels, as well as increased
blood viscosity due to dehydration, blood dys-
crasias, and dysproteinemias may also increase
the risk of RVO [33, 38, 44, 46, 82]. Therefore,
these factors, which alter vascular flow, need to
be managed appropriately when known.

Individuals suffering a CRVO in one eye have
a 1% chance per year of developing a CRVO in
the fellow eye [19]. Thus, a medical work-up to
diagnose and treat the above systemic and hema-
tologic factors predisposing the eyes to vein oc-
clusion should be considered. Smoking cessation
can also reduce the risk of developing an RVO by
decreasing progression of vascular disease [26].
Finally, IOP monitoring and management are
also important, as glaucoma is a known risk fac-
tor for RVO, especially CRVO.

Summary for Clinician

B It is important to document a thorough
medical history in all patients with RVO
that elicits the known risk factors for de-
veloping an RVO.

B Communication and cooperation with
the patient and their primary care team
are crucial to ensure effective control of
systemic risk factors for RVO. .

10.9 Conclusion

In light of the multitude of available data, but
limited rigorously proven data, evidence-based
treatment strategies are scarce. First and fore-
most, a thorough history and physical exami-
nation for all patients who have experienced an
RVO may facilitate the appropriate treatment of
systemic and ocular factors that may predispose
an eye to RVO development. Baseline fundus



photography, fluorescein angiography, and OCT
to better characterize the venous occlusion and
macular edema can also be performed.

The visual outcome of BRVO is generally fa-
vorable with 30% having 20/40 or better vision.
As shown by the BVOS, the grid pattern laser can
be used in cases of perfused BRVO with persis-
tent vision loss to treat any macular edema, al-
beit with only moderate visual gain expected. If
retinal neovascularization is present, scatter laser
in the affected area can limit the occurrence of
vitreous hemorrhage. CRVO carries a worse vi-
sual prognosis. Observation and grid pattern la-
ser have not been shown to be beneficial in most
individuals. If NVA/NVI develops, performing
PRP is the only proven management option. Af-
ter the initial baseline vision, IOP measurement,
anterior segment examination, undilated gonio-
scopy, dilated fundus examination and subse-
quent fluorescein angiography, and OCT of the
macula can be obtained. Affected eyes can be fol-
lowed monthly at least for the first 6 months, if
observation is elected. At these visits, visual acu-
ity and IOP measurements as well as undilated
gonioscopy and dilated fundus examination can
be performed to look for neovascularization, as
neovascular glaucoma occurs in 40-60% of eyes
with nonperfusion greater than 10 disc diam-
eters, often by 3 months post-occlusion.

10.10 Current Practice

and Future Trends

To date, surgical therapies that aim to improve
venous perfusion and vascular flow in the retina
have not been effective in improving retinal oxy-
genation and vision. Pending results of the RON
trial in Europe may refute this fact. However,
current practice is aimed at treating macular
edema resulting from RVO. According to the
2005 ASRS Preferences and Trends Survey, per-
fused BRVO with macular edema and an initial
vision of 20/40 that worsened to 20/250, was
treated initially with grid laser by 50% of respon-
dents. The other 50% would use intravitreal tri-
amcinolone injections alone or in combination
with the grid pattern laser as first-line therapy.
In fact, 75% of those surveyed would offer in-
travitreal triamcinolone for refractory macular

10.10 Current Practice and Future Trends

edema after grid pattern laser in BRVO. In ad-
dition, nearly 60% were apt to give intravitreal
triamcinolone as first-line therapy to eyes with
CRVO and at least 20/80 vision for 2 months
(Fig. 10.3) In light of this trend toward using
intravitreal triamcinolone as a first-line of treat-
ment for macular edema after RVO, results from
the SCORE study are awaited to determine the
long-term efficacy and safety of this treatment
regimen. Moreover, although both macular
edema and visual acuity improve after intravit-
real triamcinolone, there is limited correlation
between a reduction in foveal thickness on OCT
and gain in visual acuity. Thus, the mechanism
behind how steroid treatment leads to improved
vision after RVO is still unclear.
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Fig. 10.3a,b Results of the 2005 ASRS Preferences
and Trends Survey. a Percentage of respondents us-
ing each treatment as next line of therapy for macular
edema associated with branch retinal vein occlusion
(BRVO), an initial visual acuity of 20/40 that worsened
to 20/250 after one grid pattern laser treatment. b Per-
centage of respondents using each treatment as prima-
ry therapy for macular edema associated with CRVO
and at least 20/80 vision for 2 months
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Better understanding of the exact etiology,
pathophysiology, and natural history of RVO
can help formulate treatment strategies that of-
fer neuroprotection, improve retinal perfusion
and oxygenation, decrease retinal oxygen de-
mand and macular edema, prevent retinal atro-
phy, and thereby improve visual outcomes after
RVO. Whether it is surgical, pharmacologic, or a
combination of the two, carefully designed, well-
powered, prospective, randomized clinical trials
are needed to determine the efficacy and safety of
any treatment for RVO.

References

1. Aiello LP, Bursell SE, Clermont A et al (1997) Vas-
cular endothelial growth factor-induced retinal
permeability is mediated by protein kinase C in
vivo and suppressed by an orally effective beta-iso-
form-selective inhibitor. Diabetes 46:1473-1480

2. Amirikia A, Scott IU, Murray TG et al (2001)
Outcomes of vitreoretinal surgery for complica-
tions of branch retinal vein occlusion. Ophthal-
mology 108:372

3. Antoneti DA, Barber AJ, Hollinger LA et al (1999)
Vascular endothelial growth factor induced rapid
phosphorylation of tight junction proteins oc-
cludin and zonula occluden 1. J Biol Chem
274:23463-23467

4.  Avitabile T, Longo A, Reibaldi A (2005) Intravit-
real triamcinolone compared with macular laser
grid photocoagulation for the treatment of cystoid
macular edema. Am ] Ophthalmol 140(4):695.
el-e8

5. Bearelly S, Fekrat S (2004) Controversy in the
management of retinal venous occlusive disease.
Int Ophthalmol Clin 44(4):85-102

6. Bashshur ZF, Maluf RN, Allam S et al (2004)
Intravitreal triamcinolone for the management
of macular edema due to nonischemic cen-
tral retinal vein occlusion. Arch Ophthalmol
122(8):1137-1140

7.  Beer PM, Bakri §J, Singh RJ et al (2003) Intra-
ocular concentration and pharmacokinetics of
triamcinolone acetonide after a single intravitreal
injection. Ophthalmology 110(4):681-686

8.  Bowers DK, Finkelstein D, Wolff SM et al (1987)
Branch retinal vein occlusion: a clinicopathologi-
cal case report. Retina 7:252-259

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Branch Vein Occlusion Study Group (1984) Ar-
gon laser photocoagulation for macular edema in
branch vein occlusion. Am ] Ophthalmol 98:271
Branch Vein Occlusion Study Group (1986) Ar-
gon laser scatter photocoagulation for prevention
of neovascularization and vitreous hemorrhage
in branch vein occlusion. A randomized clinical
trial. Arch Ophthalmol 104:34

Browning DJ, Antoszyk AN (1998) Laser cho-
rioretinal venous anastomosis for nonischemic
central retinal vein occlusion. Ophthalmology
105(4):670-677; discussion 7-9

Browning D, Rotberg M (1996) Vitreous hemor-
rhage complicating laser-induced chorioretinal
anastomosis for central retinal vein occlusion.
Am ] Ophthalmol 122(4):588-589

Bynoe LA, Weiss JN (2003) Retinal endovascular
surgery and intravitreal triamcinolone acetonide
for central vein occlusion in young adults. Am J
Ophthalmol 135(3):382-384

Cekic O, Chang S, Tseng J et al (2005) Intravit-
real triamcinolone treatment for macular edema
associated with central retinal vein occlusion and
hemiretinal vein occlusion. Retina 25(7):846-850
Cekic O, Chang S, Tseng J et al (2005) Intravitreal
triamcinolone injection for treatment of macular
edema secondary to branch retinal vein occlu-
sion. Retina 25(7):851-855

Central Vein Occlusion Study Group (1993)
Baseline and early natural history report: the
Central Vein Occlusion Study. Arch Ophthalmol
111:1087

Central Vein Occlusion Study Group (1995)
Evaluation of grid pattern photocoagulation for
macular edema in central vein occlusion: The
Central Vein Occlusion Study Group M report.
Ophthalmology 102: 1425

Central Vein Occlusion Study Group (1995)
A randomized clinical trial of early panretinal
photocoagulation for ischemic central vein occlu-
sion: the Central Vein Occlusion Study Group N
report. Ophthalmology 102:1434

Central Vein Occlusion Study Group (1997) Nat-
ural history and clinical management of central
retinal vein occlusion: the Central Vein Occlusion
Study Group. Arch Ophthalmol 115:486

Chen S, Sundaram V, Lochhead ], Patel C
(2006) Intravitreal triamcinolone for treatment
of ischemic macular edema associated with
branch retinal vein occlusion. Am ] Ophthalmol
141(5):876-883



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Chopdar A (1984) Dual trunk central retinal vein
incidence in clinical practice. Arch Ophthalmol
102:85

Clemett RS (1974) Retinal branch vein occlusion:
changes at the site of obstruction. Br ] Ophthal-
mol 58:548-554

Duker JS, Brown GC (1989) Anterior location of
the crossing artery in branch retinal vein occlu-
sion. Arch Ophthalmol 107:998

Dev S, Buckley EG (1999) Optic nerve sheath
decompression for progressive central reti-
nal vein occlusion. Ophthalmic Surg Lasers
30(3):181-184

Elman MJ, Raden RZ, Carrigan A (2001) Intravit-
real injection of tissue plasminogen activator for
central retinal vein occlusion. Trans Am Ophthal-
mol Soc 99:219-221; discussion 22-23

Eye Disease Case-Control Study Group (1993)
Risk factors for branch retinal vein occlusion. Am
J Ophthalmol 116:286-296

Eye Disease Case-Control Study Group (1996)
Risk factors for central retinal vein occlusion.
Arch Ophthalmol 114:545

Fekrat S, de Juan E Jr (1999) Chorioretinal venous
anastomosis for central retinal vein occlusion:
transvitreal venipuncture. Ophthalmic Surg La-
sers 30(1):52-55

Fekrat S, Finkelstein D (2001) Branch retinal vein
occlusion disease. In: Schachat AP (2001) Retina,
3rd edn. Mosby, St. Louis

Fekrat S, Goldberg MEF, Finkelstein D (1998) La-
ser-induced chorioretinal venous anastomosis for
nonischemic central or branch retinal vein occlu-
sion. Arch Ophthalmol 116(1):43-52

Finkelstein D (1992) Ischemic macular edema: rec-
ognition and favorable natural history in branch
vein occlusion. Arch Ophthalmol 119:1427-1434
Fong AC, Schatz H (1993) Central retinal vein oc-
clusion in young adults. Surv Ophthalmol 38:88
Francis PJ, Stanford MR, Graham EM (2003) De-
hydration is a risk factor for central retinal vein
occlusion in young patients. Acta Ophthalmol
Scand 81(4):415-416

Frangieh GT, Green WR, Barraquer-Somers E et al
(1982) Histopathologic study of nine branch reti-
nal vein occlusions. Arch Ophthalmol 100:1132
Garcia-Arumi J, Boixadera A, Martinez-Castillo
V et al (2003) Chorioretinal anastomosis after ra-
dial optic neurotomy for central retinal vein oc-
clusion. Arch Ophthalmol 121:1385-1391

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

References

Glacet-Bernard A, Kuhn D, Vine AK et al (2000)
Treatment of recent onset central retinal vein
occlusion with intravitreal tissue plasmino-
gen activator: a pilot study. Br J Ophthalmol
84(6):609-613

Ghazi NG, Noureddine BN, Haddad RS et al
(2003) Intravitreal tissue plasminogen activator
in the management of central retinal vein occlu-
sion. Retina 23:780-784

Gottlieb JL, Blice JP, Mestichelli B et al (1998)
Activated protein C resistance, factor V Leiden,
and central retinal vein occlusion in young adults.
Arch Ophthalmol 116:577-579

Green W, Chan C, Hutchins G et al (1981) Central
retinal vein occlusions: a prospective histopatho-
logic study of 29 eyes in 28 cases. Retina 1:27
Gutman FA (1983) Evaluation of a patient with
central retinal vein occlusion. Ophthalmology
90(5):481-483

Hattenbach LO, Steinkamp G, Scharrer I et al
(1998) Fibrinolytic therapy with low-dose recom-
binant tissue plasminogen activator in retinal vein
occlusion. Ophthalmologica 212(6):394-398
Hattenbach LO, Wellermann G, Steinkamp GW
et al (1999) Visual outcome after treatment with
low-dose recombinant tissue plasminogen activa-
tor or hemodilution in ischemic central retinal
vein occlusion. Ophthalmologica 213(6):360-366
Hayreh SS, Hayreh MS (1980) Hemi-central reti-
nal vein occlusion: pathogenesis, clinical features,
and natural history. Arch Ophthalmol 98:1600
Hayreh SS, Zimmerman MB, Podhajsky P (2002)
Hematologic abnormalities associated with vari-
ous types of retinal vein occlusion. Graefes Arch
Clin Exp Ophthalmol 240(3):180-196

Hockley DJ, Tripathi RC, Ashton N (1979) Ex-
perimental branch vein occlusion in the rhesus
monkeys. II. Br ] Ophthalmol 63:393-411
Hvarfner C, Hillarp A, Larsson J (2003) Influence
of factor V Leiden on the development of neovas-
cularisation secondary to central retinal vein oc-
clusion. Br ] Ophthalmol 87(3):305-306

Ip MS, Gottlieb JL, Kahana A et al (2004) Intravit-
real triamcinolone for the treatment of macular
edema associated with central retinal vein occlu-
sion. Arch Ophthalmol 122(8):1131-1136
Iturralde D, Spaide RE, Meyerle CB et al (2006)
Intravitreal bevacizumab (Avastin) treatment of
macular edema in central retinal vein occlusion.
Retina 26(3):279-284

161



162

Treatment of Retinal Vein Occlusion

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Jaffe GJ et al (2005) Long-term follow-up results
of a pilot trial of a fluocinolone acetonide im-
plant to treat posterior uveitis. Ophthalmology
112(7):1192-1198

Jonas JB (2002) Intravitreal triamcinolone ace-
tonide as treatment of macular edema in central
retinal vein occlusion. Graefes Arch Clin and Exp
Ophthalmol 240(9):782-783

Jonas JB, Akkoyun I, Kamppeter B et al (2005)
Branch retinal vein occlusion treated by intravit-
real triamcinolone acetonide. Eye 19(1):65-71
Krepler K, Ergun E, Sacu S et al (2005) Intravitreal
triamcinolone acetonide in patients with macular
oedema due to central vein occlusion. Acta Oph-
thalmol Scand 83(1):71-75

Kumar B, Yu DY, Morgan WH et al (1998) The
distribution of angioarchitectural changes within
the vicinity of the arteriovenous crossing in
branch retinal vein occlusion. Ophthalmology
105:424-427

Kurimoto M, Takagi H, Suzuma K (1999) Vitrec-
tomy for macular edema secondary to retinal vein
occlusion: evaluation by retinal thickness ana-
lyzer. Jpn ] Ophthalmol 53:717

Kwok AK, Lee VY, Lai TY et al (2003) Laser in-
duced chorioretinal venous anastomosis in isch-
aemic central retinal vein occlusion. Br ] Oph-
thalmol 87(8):1043—1044

Lahey JM, Fong DS, Kearney J (1999) Intravitreal
tissue plasminogen activator for acute central
retinal vein occlusion. Ophthalmic Surg Lasers
30(6):427-434

Lai JC, Mruthyunjaya P, Fekrat S (2002) Central
retinal vein occlusion in patients on chronic Cou-
madin® anticoagulation. Invest Ophthalmol Vis
Sci 42:ARVO E-Abstract 519

Lardenoye CWTA, Probst K, DeLint PJ et al
(2000) Photoreceptor function in eyes with
macular edema. Invest Ophthalmol Vis Sci
41(12):4048-4053

Lee H, Shah GK (2005) Intravitreal triamcinolone
as primary treatment of cystoid macular edema
secondary to branch retinal vein occlusion. Ret-
ina 25(5):551-555

McCuen BW Jr, Bessler M, Tano Y et al (1981)
The lack of toxicity of intravitreally adminis-
tered triamcinolone acetonide. Am ] Ophthalmol
91(6):785-788

Mester U, Dillinger P (2000) Vitrectomy with
decompression in branch retinal vein occlusion.
Club Jules Gonin Meeting, Sicily

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Nauck M, Karaklulakis G, Perruchoud AP et al
(1998) Corticosteroids inhibit the expression of
the vascular endothelial growth factor gene in hu-
man vascular smooth muscle cells. Eur ] Pharma-
col 341:309-315

Nauck M, Roth M, Tamm M et al (1997) Induc-
tion of vascular endothelial growth factor by plate-
let-activating factor and platelet-derived growth
factor is downregulated by corticosteroids. Am J
Respir Cell Mol Biol 16:398-406

Opremcak EM, Bruce RA (1999) Surgical decom-
pression of branch retinal vein occlusion via ar-
teriovenous crossing sheathotomy: a prospective
review of 15 cases. Retina 19:1

Opremcak EM, Rehmar AJ, Ridenour CD et al
(2006) Radial optic neurotomy with adjunctive
intraocular triamcinolone for central retinal vein
occlusion. Retina 26:306-313

Osterloh MD, Charles S (1988) Surgical decom-
pression of branch retinal vein occlusions. Arch
Ophthalmol 106:1469

Park CH, Jaffe GJ, Fekrat S (2003) Intravitreal tri-
amcinolone acetonide in eyes with cystoid macu-
lar edema associated with central retinal vein oc-
clusion. Am ] Ophthalmol 136(3):419-425

Peer J, Folberg R, Itin A et al (1998) Vascular en-
dothelial growth factor upregulation in human
central retinal vein occlusion. Ophthalmology
105:412-416

Ramchandran RS, Jaffe GJ, Fekrat S et al (2006)
Fluocinolone acetonide sustained drug delivery
device for chronic retinal venous occlusive dis-
ease: 12 month results. ARVO Abstract

Roth DB, Chieh J, Spirn M]J et al (2003) Nonin-
fectious endophthalmitis associated with intra-
vitreal triamcinolone injection. Arch Ophthalmol
121(9):1279-1282

Saika S, Tanaka T, Miyamoto T (2001) Surgical
posterior vitreous detachment combined with
gas/air tamponade for treating macular edema
associated with branch retinal vein occlusion:
retinal tomography and visual outcome. Graefes
Arch Clin Exp Ophthalmol 239:729

Shah GK (2000) Adventitial sheathotomy for
treatment of macular edema associated with
branch retinal vein occlusion. Curr Opin Oph-
thalmol 11:171

Shah GK, Sharma S, Fineman MS et al (2000) Ar-
teriovenous adventitial sheathotomy for the treat-
ment of macular edema associated with branch
retinal vein occlusion. Am ] Ophthalmol 129:104



74.

75.

76.

77.

78.

79.

80.

81.

Shaikh S, Blumenkranz MS (2001) Transient im-
provement in visual acuity and macular edema in
central retinal vein occlusion accompanied by in-
flammatory features after pulse steroid and anti-
inflammatory therapy. Retina 21(2):176-178
Tsujikawa A, Fujihara M, Iwawaki T et al (2005)
Triamcinoloneacetonide with vitrectomy for treat-
ment of macular edema associated with branch
retinal vein occlusion. Retina 25(7):861-867
Vasco-Posada ] (1972) Modification of the circu-
lation in the posterior pole of the eye. Ann Oph-
thalmol 4(1):48-59

Vinores SA, Youssri AL, Luna JD et al (1997)
Upregulation of vascular endothelial growth fac-
tor in ischemic and non-ischemic human and
experimental retinal disease. Histol Histopathol
12:99-109

Weinberg D, Dodwell DG, Fern SA (1990) Anat-
omy of arteriovenous crossings in branch retinal
vein occlusion. Am J Ophthalmol 109:298-302
Weiss JN, Bynoe LA (2001) Injection of tissue
plasminogen activator into a branch retinal vein
in eyes with central retinal vein occlusion. Oph-
thalmology 108(12):2249-2257

Weizer JS, Stinnett SS, Fekrat S (2003) Radial op-
tic neurotomy as treatment for central retinal vein
occlusion. Am J Ophthalmol 136(5):814-819
Williamson TH, O’Donnell A (2005) Intravit-
real triamcinolone acetonide for cystoid macular
edema in nonischemic central retinal vein occlu-
sion. Am J Ophthalmol 139(5):860-866

82.

83.

84.

85.

86.

87.

References

Williamson TH, Rumley A, Lowe GD (1996)
Blood viscosity, coagulation, and activated pro-
tein C resistance in central retinal vein occlusion:
a population controlled study. Br J Ophthalmol
80(3):203-208

Wilson CA, Berkowitz BA, Sato Y et al (1992)
Treatment with intravitreal steroid reduces blood-
retinal barrier breakdown due to retinal photoco-
agulation. Arch Ophthalmol 110(8):1155-1159
Wilson DJ, Finkelstein D, Quigley HA et al (1998)
Macular grid photocoagulation: an experimental
study on the primate retina. Arch Ophthalmol
106:100

Wolf S, Arend O, Bertram B et al (1994) Hemo-
dilution therapy in central retinal vein occlu-
sion: one-year results of a prospective random-
ized study. Graefes Arch Clin Exp Ophthalmol
232(1):33-39

Yepremyan, M et al (2005) Early treatment of cys-
toid macular edema secondary to branch retinal
vein occlusion with intravitreal triamcinolone
acetonide. Ophthalmic Surg Lasers Imaging
36(1):30-36

Zhao ], Sastry SM, Sperduto RD et al (1993) Arte-
riovenous crossing patterns in branch retinal vein
occlusion. The Eye Disease Case-Control Study
Group. Ophthalmology 100:423-428

163



New Perspectives

in Stargardt’s Disease 1 1

Core Messages

B The onset of Stargardts disease (STGD)

can occur at any age, from early child-
hood to adulthood, and there is a wide
variation in visual acuity, clinical ap-
pearance, and severity of the disease.
Visual acuity varies from 20/20 to 20/400;
only rarely does it drop below 20/400.
Fundus examination discloses, typically,
a central area of atrophy surrounded by
a ring of flecks. Flecks can be also seen
extending to the midperipheral retina.
Early on in the course of the disease,
however, fundus examination may be
normal.

Invasive imaging techniques, including
fluorescein angiography (FFA) and in-
docyanine green angiography (ICG), are
rarely needed to evaluate patients with
STGD. Fundus autofluorescence (AF), a
noninvasive imaging technique, can be
used for this purpose.

Patients with STGD may have one of
three patterns of functional loss: macular
dysfunction alone, macular and periph-
eral cone dysfunction, or macular and
peripheral cone and rod dysfunction.
These patterns of functional loss cannot
usually be predicted based on fundus ap-
pearance.

Imaging and histopathology studies have
demonstrated increased levels of lipo-
fuscin in the retinal pigment epithelium
(RPE) in the majority of patients with
STGD.

m STGD is inherited as an autosomal re-

cessive trait and is caused by mutations
in the ABCA4 gene, located in the short
arm of chromosome 1 (1p).

The protein codified by the ABCA4 gene,
expressed in cone and rod photoreceptor
cells, appears to play a role in the trans-
port of retinoids, specifically N-retin-
ylidene-phosphatidylethanolamine and
all-trans-retinal, in photoreceptor outer
segment disc membranes.

Although the mechanism by which
photoreceptors degenerate in STGD is
not known. Accumulation of N-retinyli-
dene-N-retinyl-ethanolamine (A2E), the
major component of lipofuscin, seems to
play an important role in the RPE cell
degeneration and loss seen in STGD.
Photoreceptor cell loss could occur in
this disease subsequent to RPE cell de-
generation.

An animal model of STGD is now avail-
able, the abcr-/- knockout mice.
Currently, there is no treatment for pa-
tients with STGD. However, laboratory
studies suggest that patients with this
retinal dystrophy may slow the progres-
sion of their disease by protecting their
eyes from light exposure.

New treatment strategies to reduce or
prevent A2E accumulation in the RPE
are being investigated.
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11.1 Introduction

In 1909 Stargardt [51] described a form of reces-
sive inherited macular dystrophy characterized
by the presence of an atrophic macular lesion,
which was eventually surrounded by irregular,
white-yellow deep retinal lesions. Early on in
the course of the disease, there appeared to be a
disproportional loss of visual acuity when com-
pared with clinical findings. Later on, in 1962,
Franceschetti [21] proposed the term “fundus
flavimaculatus” to designate a peculiar fundus
affection in which the hallmark was the presence
of yellow-white deep “fishlike” retinal lesions,
now known as “flecks,” varying in size, shape,
opaqueness, and density, and limited to the pos-
terior pole or extending to the equatorial region.
In some patients described by Franceschetti atro-
phic macular lesions were also present and, thus,
the disease was indistinguishable from that de-
scribed earlier by Stargardt.

After the initial descriptions by Stargardt and
Franceschetti, there was controversy in the lit-
erature as to whether or not Stargardt’s disease
(STGD) and fundus flavimaculatus (FFM) were
representing different clinical entities. It is now
widely accepted by clinicians and researchers
that STGD and FFM are not separate diseases but
different spectrums of the same disorder.

11.2 Epidemiology
and Clinical Findings

Stargardt’s disease is the most common form of
recessively inherited macular dystrophy. It has
been estimated that it affects approximately 1
person in 10,000 [6]. There seems to be no gen-
der or race predilection [3, 21, 25, 32,48, 51] and
there is a wide variation in the age at onset of the
disease, which can occur from early childhood to
adulthood [1, 21, 25, 32, 38, 51], visual acuity [1,
38, 48], clinical appearance [1, 25, 38], and sever-
ity of the disease [1, 38].

Patients with STGD may be asymptomatic or
complain, most frequently, of visual acuity loss,
photophobia, and, less commonly, nictalopia
[25]. Visual acuity usually ranges from 20/20 to
20/400 [23, 25, 48]. In very few patients visual

acuity may fall to a counting finger or hand mo-
tion level [1, 25, 48]. It seems that the prognosis
for patients who are seen initially with vision of
20/40 or better is dependent upon their age at
presentation [48]. Thus, it was estimated that
patients of 20 years of age or younger present-
ing with visual acuity of 20/40 or better would
reach a visual acuity of 20/200 or worse at a me-
dian time of 7 years [48]. In comparison, older
patients, aged 21 to 40 or 41 to 60, presenting
with a visual acuity of 20/40 or better, would ex-
perience a deterioration in vision to 20/200 in a
median time of 22 and 29 years respectively [48].
However, once vision has deteriorated to below
20/40, it usually decreases rapidly to 20/200 or
worse and this occurs independently of the age
of the patient [18, 48].

Early on in the course of the disease fun-
dus examination may be normal, even when
the visual acuity is already reduced [51]. Under
these circumstances and when the disease af-
fects young children or teenagers the diagnosis
of STGD may be missed and patients may be
thought to have functional visual loss. In adults,
malingering may be suspected [28]. In these pa-
tients, pattern electroretinogram (PERG) will be
helpful in establishing the diagnosis of STGD-
FFM (see Sect. 11.4) since it would demonstrate
a very reduced or absent macular function (i.e.
very reduced or flat PERG) [36, 38]. Macular ab-
normalities are seen later on, including pigment
mottling, a “bull’s eye” appearance, frank macu-
lar atrophy, and fundus flecks (Fig. 11.1) [1, 17,
21, 25, 32].

Fundus flecks may be present at the macula
only or may extend to the mid-peripheral retina.
Characteristically, fundus flecks have a pisci-
form (fish-like) appearance, but they can also be
round, like dots, and appear either as individual
lesions or joined together in a confluent pattern
[22, 32]. Mild pigmentation can occasionally be
seen around them [22, 32]. Although flecks are
often present when the first visual symptoms are
detected, in some patients flecks may not appear
initially, but present at a later date, once other
overt macular changes have developed [1, 25,
28]. However, fundus flecks should be seen at
one point during the follow-up in order to estab-
lish the diagnosis of STGD [21, 51]. Flecks may
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Fig. 11.1 Color fundus photographs of three patients with STGD showing active flecks and a normal appearance
of the fovea (left), a bull’s eye appearance (center), and foveal atrophy (right)

Fig. 11.2 Color fundus photographs of the midperipheral retina obtained from two patients with STGD showing
active (left) and resorbed (right) flecks. Resorbed flecks are less clearly detected and appear as multiple and diffuse
areas of depigmentation

be formed by the accumulation of yellow-white
material in the RPE, known to be lipofuscin (see
Sects. 11.3.3 and 11.5), or represent areas of de-
pigmentation and atrophy of the RPE (Fig. 11.2).
The former, usually called “active” flecks, are eas-
ily seen by slit-lamp biomicroscopy or indirect
ophthalmoscopy. The latter, often termed “re-
sorbed” flecks, are more difficult to visualize and
are often missed by the examining ophthalmolo-
gist. “Resorbed” flecks occurred at sites previ-
ously occupied by “active” flecks and seem to be
the result of the damage caused by the increased
lipofuscin in the RPE at the site of the fleck [39].

Given that “resorbed” flecks may be present in
patients with advanced disease and atrophic
macular lesions, but no “active” flecks, the diag-
nosis of STGD may represent a challenge under
these circumstances. Fundus autofluorescence
(AF; see Sect. 11.3.3) has been shown to be very
helpful in establishing the diagnosis of STGD in
these cases, since resolved flecks are easily vi-
sualized on AF images as foci of decreased AF
signal [39].

Different clinical classifications of STGD have
been proposed based on the presence or absence
and distribution of the fundus lesions, including
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Fig. 11.3a—h Color fundus photographs of four sibling pairs (a + b, ¢ + d, e + f, and g + h) showing intrafa-
milial variation in fundus features. However, siblings shared the same qualitative electrophysiological functional

abnormalities

atrophy and “active” and “resorbed” flecks [1, 17,
32]. However, none of these classifications have
been widely accepted. This is possibly related to
the fact that the distribution of the fundus lesions
may change over time [1, 3], do not correlate well
with the functional loss observed in these pa-
tients [1, 25, 38], and that there seems to be no
good intrafamilial concordance of these clinical
attributes (Fig. 11.3) [1, 36].

It has been noted that in STGD there is a
typical peripapillary sparing characterized by a
lack of flecks and atrophy in this region, even in
those cases with diffuse RPE abnormalities and
atrophy (Fig. 11.4, top left) [11, 31, 39, 63]. This
finding may also be helpful when establishing
the diagnosis of STGD in patients with advanced
disease in whom fundus flecks are no longer vis-
ible [39].

Rarely, patients with STGD may develop small
or large areas of subretinal fibrosis (Fig. 11.4, top
right) [11, 12, 38, 44]. In some of these cases, a
previous history of trauma can be elucidated [12,
38]. The occurrence of choroidal neovasculariza-
tion in STGD has also been reported (Fig. 11.4,
bottom) [3, 31-33].

Summary for the Clinician

W Stargardts disease can affect individuals
of any gender and race and there is wide
variability in age at onset, visual acuity,
fundus appearance, and severity of the
disease.

B Visual acuity may vary between 20/20
and 20/400. In only few patients will vi-
sual acuity drop below 20/400.

B Fundus examination can be normal
in patients with STGD early on in the
course of the disease. This should be tak-
en into account when functional visual
loss or malingering is being considered
in a patient with reduced vision and nor-
mal fundus. PERG may be useful in the
diagnosis of these cases since it will dem-
onstrate very reduced macular function.

B Fundus examination may disclose RPE
mottling, a bull's eye appearance, ac-
tive or resorbed flecks or atrophy at the
macula. Atrophy and flecks can also be
observed in the midperipheral retina.
Flecks should be seen at some point dur-
ing the follow-up of the patient to con-
firm the diagnosis of STGD.




11.3 Imaging Studies

Fig. 11.4 Color fundus photographs (top left and right, bottom left) and fluorescein angiogram (bottom right)
obtained from three patients with Stargardt’s disease (STGD). Peripapillary sparing is observed in a patient with
severe disease and confluent resorbed flecks in the midperipheral retina (top left). Marked subretinal fibrosis and
retinal pigment epithelium (RPE) hyperplasia is shown in a large area of the retina in a young patient with STGD
(top right). A history of contusive trauma was elucidated. Choroidal neovascularization was detected in a patient
with STGD on slit-lamp biomicroscopy (bottom left) and fluorescein angiography (bottom right)

11.3 Imaging Studies

11.3.1 Fluorescein Angiography

Patients with STGD may have what has been
referred to as the sign of “choroidal silence,” or
“dark choroid” (Fig. 11.5) [7]. FFA in these pa-
tients will reveal a lack of early hyperfluores-

cence coming from the choroid, so that the reti-
nal blood vessels, even the small capillaries, are
easily seen over a very dark background where
no choroidal fluorescence is apparent. This sign
is often best appreciated in the peripapillary re-
gion. However, not all patients with STGD will
demonstrate “choroidal silence” In fact, in a re-
cent study of a large cohort of patients with this
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disease, only 62% of patients had this FFA sign
[48]. Similarly, “choroidal silence” is not exclu-
sively seen in patients with STGD and it has also
been observed in patients with cone dystrophy
[57].

“Active” flecks appear hypofluorescent in
the early and late frames of the FFA [25]. “Re-
sorbed” flecks may appear hypo- [25] or hyper-
fluorescent [1]. Areas of frank macular atrophy
are seen as areas where no choriocapillaris is
present, but where only large choroidal vessels
are seen.

11.3.2 Indocyanine Green
Angiography

With ICG it is possible to see the choroidal de-
tails even in those patients with “dark choroid”
on FFA [63]. This suggests that the “choroidal
silence” or “dark choroid” on FFA relates to an
obscuration of the view of the choroidal circu-
lation by the accumulation of material beneath
the retina, rather than being related to a lack of
perfusion through the choroid. Choroidal vascu-
lar closure, however, can be detected in patients
with STGD and atrophic macular lesions. Fun-
dus flecks appear hypofluorescent on ICG, and
are usually best detected on late frames of the
angiogram [63].

Although FFA and ICG are safe, they are
nonetheless invasive imaging techniques. Given
that the information gathered by FFA and ICG is
usually not required for diagnostic or prognostic
purposes. These tests should be reserved for se-
lected cases of STGD.

11.3.3 Fundus Autofluorescence

Fundus autofluorescence (AF) is a relatively new
imaging technique that allows the evaluation of
the RPE in vivo and, indirectly, of the photorecep-
tors. It has been shown that the AF signal is pre-
dominantly derived from lipofuscin in the RPE
[13]. Lipofuscin is formed and accumulates in
the RPE as a result of the incomplete digestion of
photoreceptor outer segment discs by these cells.
On fundus AF images areas of increased RPE li-
pofuscin will appear as areas of increased AF sig-
nal. In contrast, areas of decreased RPE lipofus-
cin (for instance, at sites of damaged or lost RPE)
will appear as areas of decreased AF signal.

Using a confocal scanning laser ophthalmo-
scope (cSLO), high-quality fundus AF images
can be obtained [59]. Furthermore, it is also pos-
sible to reproducibly measure levels of AF [35]
and study the topographic distribution of quan-
titative values of AF across the entire macular
region [37].

Fig. 11.5 Fluorescein angio-
gram from a patient with STGD
demonstrating the sign of “cho-
roidal silence” or “dark choroid”
In the full venous phase of the
angiogram retinal capillaries can
be visualized over a very dark
background where no choroi-
dal fluorescence is apparent.
Hyperfluorescence at the centre
of the macula, corresponding

to a relatively atrophic central
macular lesion, is also observed



In patients with STGD areas of retinal atrophy
detected clinically at the macula or in the mid-
peripheral retina appear as areas of low AF signal
on AF images[39]. Areas of atrophy not detected
clinically are easily visualized using AF imaging
[38]. “Active” flecks appear as foci of high AF sig-
nal, whereas “resorbed” flecks have a low signal
on AF imaging (Fig. 11.6). Although “resorbed”
flecks are usually difficult to see on slit-lamp bio-
microscopy and indirect ophthalmoscopy, they
are easily identified on fundus AF. This imaging
technique can be very useful in the diagnosis of
patients with STGD and advanced disease, where
“active” fundus flecks are no longer visible.

Quantitative evaluation of levels of AF in pa-
tients with STGD has demonstrated high levels
of AF in the majority of them [13, 39, 60], inde-

11.3 Imaging Studies

pendently of whether or not “choroidal silence”
was present on FFA [60]. Recent data evaluating
levels of AF across the entire macula have shown
that some patients with STGD may have low or
even normal levels of AF compared with age-
matched normal volunteers [39]. In patients with
advanced or severe disease low levels of AF were
detected, indicating that the RPE in these cases
is severely affected [39]. In patients with normal
levels of AF, an abnormal distribution of AF and
an abnormal macular function, as determined by
PERG, were found [39]. This may suggest that the
threshold for RPE damage caused by lipofuscin
may vary among patients and that, in some cases,
RPE damage could occur with relatively “normal”
levels of lipofuscin within the cell. Alternatively,
normal levels of AF could be the result of the loss

Fig. 11.6 Color fundus photographs (left, top and bottom) and fundus autofluorescence (AF) images (right, top
and bottom) obtained from two patients with STGD showing active (fop) and resorbed (bottom) flecks. Active
flecks (top left) appear, on slit-lamp examination, as white-yellowish lesions formed by accumulation of material
in the outer retina. On AF images (top right) active flecks are seen as foci of high AF signal. Resorbed flecks (bot-
tom left), difficult to detect on slit-lamp biomicroscopy and appearing as small areas of depigmentation in the
RPE, are easily visualized on AF images as multiple foci of low AF signal (bottom right)
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of photoreceptors or RPE cells without notice-
able atrophy. Moreover, it would be possible that
these patients with normal AF levels might rep-
resent a different phenotype within STGD [41].

11.3.4 Optical Coherence
Tomography

Optical coherence tomography (OCT), includ-
ing ultrahigh-resolution OCT (UHR-OCT) has
been very recently used to evaluate patients with
STGD [16, 45]. The value of this imaging tech-
nique in facilitating the diagnosis or establishing
the prognosis of patients with this condition, to
date, remains to be elucidated.

Summary for the Clinician

B Fluorescein angiography and ICG are
invasive imaging techniques that are
not usually required for the diagnosis or
evaluation of patients with STGD.

B The typical sign of “choroidal silence” or
“dark choroid” on FFA is not present in
all patients with STGD and is not spe-
cific to this condition.

B Fundus AF allows the evaluation of the
RPE and, indirectly, of the photorecep-
tors, in patients with STGD and is a very
useful noninvasive imaging technique to
assess patients with this retinal dystro-
phy.

B Fundus AF is very helpful in the diagno-
sis of patients with advanced disease, in
whom “active” fundus flecks are no lon-
ger present.

11.4 Electrophysiology
and Psychophysics

Patients with STGD may have different degrees
of functional loss, as detected by PERG, full-field
electroretinogram (ERG), and electro-oculogram
(EOG) [1, 10, 17, 22, 25, 32, 36, 39, 52]. Marked
functional abnormalities at the macula, with se-

verely reduced or abolished PERG, are character-
istic of STGD [38], even when the visual acuity is
still good (20/40 or better). Scotopic and photo-
pic full-field ERG responses may be normal or
subnormal. Similarly, the EOG may be normal or
subnormal, even in the presence of a normal full-
field ERG [25, 38].

Patients with STGD may have one of three
patterns of functional loss including macular
dysfunction alone (abnormal PERG with nor-
mal full-field ERG), macular and peripheral cone
dysfunction (abnormal PERG and photopic re-
sponses) or macular and peripheral cone and
rod dysfunction (abnormal PERG and scotopic
and photopic responses; Fig. 11.7) [38]. It ap-
pears that, in most families with this macular
dystrophy, there is intrafamilial homogeneity in
the qualitative pattern of functional loss present,
with families having functional loss restricted to
the macula and others experiencing, in addition,
loss of peripheral cone or cone and rod function
[1, 36]. This suggests that electrophysiological
tests may have a prognostic value, i.e., patients
with early peripheral cone and rod dysfunction
would have higher chance of developing periph-
eral visual loss and, thus, a more severe form of
the disease. Given that there seems to be no reli-
able way of predicting which type of functional
visual loss would be found in patients with STGD
based on the fundus appearance alone [17, 25,
38], electrodiagnostic tests are essential in the
evaluation of patients with this retinal disorder.
The only exception to this would be the finding
of extensive chorioretinal atrophy throughout the
fundus, as observed either on fundus examina-
tion [17] or AF imaging [39], which only seems
to be present in patients with peripheral rod and
cone dysfunction [17, 39].

In STGD there is a prolonged period of dark
adaptation after illumination that bleaches a
substantial fraction of rhodopsin [32], which
affects, specifically, the later portion of the rod
dark-adaptation curve [20, 29]. However, it has
been recently shown that these patients may have
similar responses to those observed in normal
participants after exposure to weak bleaching
illumination [29]. Abnormal recovery of macu-
lar cone photoreceptors after bleaching has also
been detected in patients with STGD, even in



11.4 Electrophysiology and Psychophysics
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Fig. 11.7 Fundus AF images and electrophysiological responses from three patients with STGD (first, second and
third row) and from an age-matched normal volunteer (bottom), from comparison purposes. Small areas of focal
increased and decreased AF signal were seen in all patients at the macula and extending into the midperipheral
retina. Well-defined larger areas of low AF signal were also detected at the macula in all patients. Despite the
relatively similar pattern of distribution of AF changes, electrophysiology responses differed among patients and
demonstrated macular dysfunction alone (abolished pattern electroretinogram [PERG]) with normal peripheral
rod and cone responses (normal rod-specific, standard flash, photopic, and 30-Hz flicker responses; first row),
macular (abolished PERG) and peripheral cone dysfunction (reduced photopic and 30-Hz flicker responses; sec-
ond row) and severe macular and peripheral cone and rod dysfunction (flat electroretinogram for all stimuli; third
row)
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those cases of relatively preserved central visual
field and visual acuity [43]. This abnormal recov-
ery of macular cone photoreceptors could be the
result of a reduced foveal cone pigment density
and delayed pigment regeneration [58].

Color vision deficits are common in STGD,
although in a few patients color vision can be
normal [3, 38]. Elevation in the tritan axis is
most frequently observed [1, 38]. However, when
increased thresholds for all axes (protan, deutan
and tritan) are present, there is usually a more se-
vere elevation of protan and deutan axis [36, 38].

Visual field testing may be normal or show rel-
ative or absolute central or paracentral scotomas
(3, 17, 19, 25, 32]. In severe cases of widespread
retinal atrophy peripheral visual field constric-
tion can occur [1, 3, 17, 19].

Summary for the Clinician

B There are different degrees of severity in
STGD. Although the majority of patients
have a disease restricted to the macula,
some patients may have additional loss
of peripheral cone or cone and rod func-
tion. The latter cases have the worst
prognosis.

B Electrophysiology studies, including
PERG and full-field ERG, are very help-
ful in the evaluation of patients with
STGD, since they allow the recognition
of patients with different degrees of se-
verity (macular dysfunction alone, macu-
lar and peripheral cone dysfunction,
and macular and peripheral cone and
rod dysfunction). Electrophysiology is
of particular importance since in STGD
the functional loss cannot be predicted
based on the fundus appearance.

W Patients with STGD have delayed dark
adaptation, which specifically affects the
later portion of the rod dark-adaptation
curve.

m Color vision deficits and central and
paracentral scotomas are commonly
found in patients with STGD. Peripheral
visual field defects can also be detected
in patients with the severe form of the

disease. .

11.5 Histopathology

Histopathological evaluation of eyes from pa-
tients with STGD has shown RPE cells engorged
and densely packed with a substance with ultra-
structural, autofluorescent and histochemical
characteristics consistent with lipofuscin [5, 14].
This appears to be the major and typical abnor-
mality of the disease. One histopathology study,
however, failed to detect increased lipofuscin in
the RPE in a case of STGD without maculopa-
thy [41]. Histopathology findings, thus, support
those from in vivo autofluorescence studies (see
Sect. 11.3.3).

Subretinal desquamated RPE cells, some of
which had undergone cell lysis with spillage of
their contents into the subretinal space, macro-
phages engorged with melanolipofuscin in the
outer retina, RPE and choriocapillaris atrophy at
the fovea, and photoreceptor cell loss at the fovea
have also been observed [5, 14].

11.6 Differential Diagnosis

The differential diagnosis of STGD should in-
clude autosomal dominant Stargardt-like macu-
lar dystrophy, Best’s disease, pattern dystrophies,
cone dystrophy, central areolar choroidal dystro-
phy, retinitis pigmentosa, age-related macular
degeneration, and maculopathy associated with
15257 mitochondrial DNA mutation.

11.7 Genetics and Molecular
Biology

Stargardt’s disease is inherited as an autosomal
recessive trait and occurs as a result of muta-
tions in a gene that was initially mapped to the
short arm of chromosome 1 (1p) [30] and sub-
sequently identified as the ABCA4 gene [2]. The
ABCA4 gene belongs to the ABC (ATP Binding
Cassette) superfamily of genes. The proteins cod-
ified by ABC genes are transmembrane proteins
responsible for the transport of a wide variety
of substances across membranes. It was initially
thought that the protein codified by the ABCA4
gene (in this chapter referred to as ABCR, or
ATP Binding Cassette transporter of the Retina)
was only expressed in rod photoreceptor cells [2]



and localized to the rim region of the disc mem-
brane of rod outer segments [27, 53]. However,
it was later clearly established that ABCR was
present in both rod and cone photoreceptor cells
(Fig. 11.8) [42].

The ABCA4 is a large gene composed of 50 ex-
ons. It is extremely polymorphic, making it dif-
ficult to elucidate which variations in this gene
should be considered disease-causing mutations
[61]. In this respect, disease-causing variations
in the ABCA4 gene had been found in only a
relatively small proportion of alleles searched
(31-60%) [8, 19, 34, 61]. Furthermore, disease-
causing variations are uncommonly found in the
two ABCA4 alleles of each patient investigated
[19, 34]. Most sequence changes thought to be
pathogenic in STGD patients are missense muta-
tions [2, 8, 34].

Despite the current technical difficulties in
detecting disease-causing ABCA4 variations,
phenotype-genotype correlations have been at-
tempted [19]. Thus, the Glyl1961Glu change in
exon 42 seemed to be associated with a milder
form of the disease characterized by the presence
of small atrophic macular lesions surrounded

11.7 Genetics and Molecular Biology

by a ring of flecks, most commonly with normal
full-field cone and rod responses and absence of
a choroidal silence [19]. It has also been shown
that missense amino acid substitutions located
in the ABCA4 gene region encoding the amino-
terminal one-third of the protein are associated
with an earlier age of onset of the disease [34].
Similarly, patients homozygous or compound
heterozygous for variations considered to be null
mutations in the ABCA4 gene develop a very
severe form of the disease with macular and pe-
ripheral cone and rod dysfunction [24].
Laboratory evidence suggests that the function
of the ABCR protein is the transport of retinoids
in photoreceptor outer segments [55], preferen-
tially N-retinylidene-phosphatidylethanolamine
(N-retinylidene-PE) and all-trans-retinal [4, 55].
In normal circumstances, following photo-
activation of rhodopsin it is presumed that all-
trans-retinal is released into the hydrophobic
environment of the disc membrane of the
photoreceptor outer segments (Fig. 11.9, top).
All-trans-retinal can then react with phos-
phatidylethanolamine (PE) and form N-reti-
nylidene-PE, and free all-trans-retinal and

Disc Cytoplasm
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Fig. 11.8 Cartoon representing the structure of the ABCR protein. ABCR is organized into two tandemly ar-
ranged halves, each containing a membrane-spanning domain (MSD) followed by a nucleotide-binding domain
(NBD). The N-terminal half contains a transmembrane segment designated as H1 and a large exocytoplasmic
domain (ECD-1) preceding the MSD-1, which consists of five transmembrane segments. The C-terminal half
has a similar arrangement, with a transmembrane segment designated as H7 and a large exocytoplasmic domain
(ECD-2) preceding the MSD-2, which is also formed by five transmembrane segments. ABCR has eight glycosyl-
ation sites (red circles), four in each ECD, and disulfide linkage between ECD-1 and ECD-2 (S-S) [9]
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Fig. 11.9 Top: All-trans-retinal (all-trans-RAL), released following photoactivation of rhodopsin, can react with
phosphatidylethanolamine (PE) and form N-retinylidene-PE. Free all-trans-RAL and all-trans-RAL contained
in N-retinylidene-PE is then reduced to all-trans-retinol (all-trans-ROL) by the all-trans-retinol dehydrogenase
(retinol DHase), localized to the cytosolic side of the disc membrane (Mb) of the photoreceptor outer segment.
Evidence suggests that ABCR transports N-retinylidene-PE and all-trans-RAL from the cytoplasmic side of the
disc membrane to the cytosolic side of the disc membrane, where they could be reduced to all trans-ROL by the
retinol DHase. The asterisk denotes the preferred substrate for ABCR. Bottom: In patients with Stargardt’s disease
there is impaired transport of all-trans-RAL and N-retinylidene-PE with a subsequent accumulation of both mol-
ecules in the photoreceptor outer segment disc membrane. Condensation of all-trans-RAL and PE would then
give rise to N-retinylidene-N-retinyl-ethanolamine (A2E) formation. A2E, the major component of lipofuscin,
would then accumulate in the RPE cells following photoreceptor outer segment disc shedding.

all-trans-retinal contained in N-retinylidene- ment, it is required that N-retinylidene-PE and
PE are then reduced to all-trans-retinol by the all-trans-retinal cross the disc membrane from
all-trans-retinol dehydrogenase. Since the latter  the cytoplasmic to the cytosolic side of the disc.
enzyme is localized to the cytosolic side of the  All-trans-retinol is transported to the RPE to be
disc membrane of the photoreceptor’s outer seg-  transformed into 11-cis-retinal, which will then



return to the outer segment of the photoreceptor
to re-enter the visual cycle.

It appears that ABCR may act as a “flippase,”
flipping N-retinylidene-PE and all-trans-retinal
from the cytoplasmic side of the disc membrane
to the cytosolic side, where all-trans-retinol de-
hydrogenase resides [55, 62]. Thus, the effect of
ABCR would be to efficiently deliver all-trans-
retinal to all-trans-retinol dehydrogenase, facili-
tating its conversion into all-trans-retinol and,
thus, assisting with the rapid recovery of the
photoreceptor cell following light exposure, re-
ducing photoreceptor cell noise (the latter seems
to be the result of an increase in all-trans-retinal
and opsin, which, combined, can activate the vi-
sual transduction cascade) and reducing the accu-
mulation of all-trans-retinal and N-retinylidene-
PE within the disc membranes [55]. The latter,
would, in its turn, give rise to increased produc-
tion of N-retinylidene-N-retinyl-ethanolamine
(A2E), the major fluorophore of lipofuscin, in the
RPE. A2E has potentially cytotoxic effects on RPE
cells, including inhibiting lysosomal enzymes [15,
26], causing blue light-mediated RPE cell damage
[49] and releasing pro-apoptotic proteins from
mitochondria in the RPE [56]. RPE cell damage
and loss would possibly then be followed by pho-
toreceptor cell degeneration and visual loss.

Based on the above postulated mechanism
of action of ABCR [55, 62], patients with STGD
would be expected to have increased levels of all-
trans-retinal following light exposure (Fig. 11.9,
bottom). Increased all-trans-retinal would fa-
cilitate the formation of noncovalent complexes
between all-trans-retinal and opsin that are able
to stimulate the phototransduction cascade and
lead to a prolonged period of dark adaptation
following light exposure. Furthermore, increased
all-trans-retinal levels would facilitate the asso-
ciation of two molecules of all-trans-retinal with
PE with the subsequent increased formation of
A2E. A2E, the major component of lipofuscin,
would then accumulate in the RPE cells follow-
ing photoreceptor outer segment disc shedding
(Fig. 11.9, right). Since both prolonged dark ad-
aptation and increased levels of lipofuscin in the
RPE have been detected in patients with STGD,
it appears that the above proposed hypothesis of
the mechanism of action of ABCR is likely to be
correct.

11.9 Current and Future Treatments

Summary for the Clinician

B Mutations in the ABCA4 gene are re-
sponsible for STGD.

B The product of ABCA4 is ABCR. It ap-
pears that the function of ABCR is the
transport of retinoids, specifically N-
retinylidene-PE and all-trans-retinal, in
photoreceptor outer segment disc mem-
branes. Thus, ABCR acts to reduce the
accumulation of N-retinylidene-PE and
all-trans-retinal in outer segment disc
membranes, which, in its turn, would
cause increased A2E formation in the
RPE.

B Accumulation of A2E in the RPE seems
to be one of the major events leading to
RPE cell damage and loss in STGD. Loss
of RPE cells may be followed by degen-
eration and loss of photoreceptor cells
and vision.

11.8 Animal Models of STGD-FFM

It has been shown that mice generated with null
mutations in the ABCA4 gene (abcr”") develop a
phenotype closely resembling that observed in
patients with STGD [62]. Specifically, delayed
rod dark adaptation, increased levels of all-trans-
retinal, PE, and protonated N-retinylidene-PE
and reduced levels of all-trans-retinol in photo-
receptors following a photobleach, and accumu-
lation of A2E in the RPE have been detected in
this knockout rodent model [62]. These findings
further support the hypothesized flippase func-
tion of ABCR in photoreceptor outer segments
outlined above.

11.9 Current and Future
Treatments

There is currently no treatment available for pa-
tients with STGD. However, several lines of evi-
dence seem to support the recommendation that
patients with STGD should protect their eyes
from light exposure by using dark sunglasses
or contact lenses. Thus, it has been shown that
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ABCR is unusually sensitive to the photo-oxida-
tive damage mediated by all-trans-retinal [54].
Irradiation of ABCR in the presence of all-trans-
retinal and oxygen in vitro led to its functional
inactivation [54]. Given that patients with STGD
have an already impaired ABCR function and
have increased levels of all-trans-retinal in their
photoreceptors, it would be expected that these
patients would be extremely susceptible to the
effect of light exposure. Furthermore, accumula-
tion of A2E in the RPE in abcr” mice has been
demonstrated to be strongly light dependent, be-
ing almost completely suppressed in abcr” mice
raised in total darkness [40]. Moreover, light ex-
posure stimulates the formation of A2E oxiranes
in abcr” mice [47], which have been shown to
induce DNA fragmentation in cultured RPE cells
and represent an important mechanism of A2E
cytotoxicity [50].

A randomized, double-masked, controlled,
crossover study, sponsored by the National Eye
Institute in the USA, has been organized to
evaluate the possible beneficial effect of doco-
sahexaenoic acid (DHA) in patients with Star-
gardt-like macular dystrophy and patients with
STGD. The rationale for this trial is as follows.
Mutations in ELOVL4 (ELOngation of Very
Long chain fatty acid 4) have been found in
patients with Stargardt-like macular dystrophy,
which unlike STGD, is inherited as an autoso-
mal dominant trait. The protein codified by
ELOVL4 plays a role in the synthesis of very long
chain polyunsaturated fatty acids of the retina,
of which DHA is the major one. The benefit of
DHA in STGD, however, is questionable, given
that mutations in ABCA4 and not in ELOVL4
are responsible for all cases of STGD, as stated
above (Sect. 11.7).

It is likely that the increasing knowledge in
the structure and mechanism of action of ABCR
and the development of an animal model of the
disease (abcr’” mice) may lead to the discovery
of possible treatment strategies for patients with
STGD. One of these strategies could be to inhibit
the formation of A2E (and lipofuscin) in the
RPE, reducing subsequent RPE cell damage and
RPE and secondary photoreceptor cell loss. This
has already been attempted in the rodent model
of STGD (abcr” mice) by using isotretinoin.
Isotretinoin (13-cis-retinoic acid, or Accutane),

a drug commonly used to treat patients with
acne, has an inhibitory effect on 11-cis-retinol
dehydrogenase in RPE cells (Fig. 11.9, bottom).
This enzyme converts 11-cis-retinol into 11-cis-
retinal, which is then used in the regeneration of
rhodopsin in photoreceptors. Inhibition of 11-
cis-retinol dehydrogenase would be expected to
inhibit the regeneration of rhodopsin and would
potentially reduce the formation of all-trans-
retinal and N-retinylidene-PE in the disc mem-
branes of photoreceptor outer segments and the
formation of A2E in RPE cells. In abcr’”™ mice
isotretinoin suppressed the accumulation of A2E
in the RPE biochemically and inhibited the ac-
cumulation of lipofuscin granules in the RPE as
detected by electron microscopy [46]. The dose of
isotretinoin used to achieve this effect, however,
was much higher (20-40 mg/kg/day) than the
dose used in humans to treat acne (0.5-2.0 mg/
kg/day). Isotretinoin has also been shown to
reduce the production of A2E oxiranes in abcr
- mice [47].

Summary for the Clinician

B There is no treatment for patients with
STGD.

B Based on current laboratory evidence,
the recommendation to patients with
STGD should be to reduce light expo-
sure as much as possible. This could be
achieved by using dark sunglasses or

contact lenses. .
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Chapter 12

Hans-Martin Helb, Frank G. Holz

Core Messages

B Idiopathic macular telangiectasia, (ini-
tially described by J.D.M. Gass as idio-
pathic parafoveolar telangiectasis) is a
descriptive term for different disease
entities presenting with telangiectatic
alterations of the juxtafoveolar capillary
network.

B Type 1 idiopathic macular telangiectasia
("aneurysmatic telangiectasia”) occurs
unilaterally, predominantly in males and
is characterized by retinal exudation. It is
considered to be a less severe variant of
Coats’ syndrome with a fair visual prog-
nosis.

B Type 2 idiopathic macular telangiectasia
(perifoveal telangiectasia) typically oc-
curs bilaterally and is associated with fo-
veal atrophy, loss of retinal transparency;,
superficial retinal crystalline deposits,
blunted dilated parafoveal venules, and
intraretinal pigment proliferation. There
is no gender predisposition. Ocular
complications include intraretinal and
choroidal neovascularizations.

B The etiology of the various types of tel-
angiectasia is unknown.

12.1 Introduction

The term “retinal telangiectasis” was first pro-
posed by Reese to describe retinopathies charac-
terized by dilated and incompetent vessels [45].
They differ from similar vascular alterations that
may develop secondary to retinal vein occlusion,

Peter Charbel Issa, Hendrik P.N. Scholl,

vasculitis, diabetes, carotid occlusive disease, and
radiation therapy. Retinal telangiectasis occur-
ring in the parafoveal region without a known
cause has been termed “idiopathic juxtafoveolar
telangiectasis” The ectatic-appearing juxtafoveo-
lar capillaries predominantly occur in the tempo-
ral area of the macula with a similar distribution
superior and inferior to the horizontal raphe [18,
19, 50].

Gass and Oyakawa (1982) were the first to cat-
egorize the condition based on ophthalmoscopic
and fluorescein angiographic findings [19]. The
classification was updated by Gass and Blodi in
1993, each category having a suggested patho-
physiology (Table 12.1) [18]. This largest case
series to date (140 patients) included patients
from the previous case series on which the clas-
sification was based. Type 1 has been considered
a developmental anomaly and presents with uni-
lateral telangiectasia predominantly in males. It
has been interpreted as a variant of Coats’ disease
by some authors. In contrast, type 2 presents with
a bilateral manifestation involving the temporal
parafoveal area. In type 3, there is progressive
obliteration of the perifoveal capillary network
and optic nerve pallor. Gass and Blodi consid-
ered types 2 and 3 to be acquired diseases.

12.2 Type 1 Idiopathic Macular
Telangiectasia

12.2.1

Data on the prevalence of the disease are lack-
ing. In their series of consecutive cases Gass and
Blodi classified 28% of patients with IMT as type
1, of whom 90% were males [18]. Other smaller
case series reported a proportion of type 1 IMT
between 38 and 57% of all patients with IMT and

Epidemiology
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a male predominance of 61-70% [1, 7, 50]. The
mean age was reported to be 37-56 years (range
7-74 years).

12.2.2 Diagnostic Approach
and Clinical Findings

Typical funduscopic findings are visible telangi-
ectasia surrounded by retinal edema and deposi-
tion of intraretinal lipid exudates [1, 18, 50]. The
vascular changes typically involve an irregular or
oval zone which is centered temporal to the fovea.
The affected area is typically 1-2 disc diameters in
size, but may also encompass larger extramacular
areas and rarely, even involvement of areas in the
peripheral fundus has been described [18, 50].
Larger aneurysms may be associated with reti-
nal hemorrhage [50]. Microaneurysms and hard
exudates appear in the early stages of the disease,
but seem to regress after years [49].

12.2 Type 1 Idiopathic Macular Telangiectasia

Early-phase fluorescein angiography (Fig.
12.1) reveals aneurysmal and telangiectatic ab-
normalities, with diffuse leakage in late phase
angiography [1, 50]. The aneurysms involve the
deep and superficial capillary network and some
patients have minimal capillary ischemia [50].
Optical coherence tomography (OCT) shows
retinal thickening in the presence of cystoid
macular edema. Localized neurosensory detach-
ment may also occur [50]. OCT imaging may be
useful for documentation and for the evaluation
of treatment effects.

12.2.3 Functional Implications

The most frequent presenting complaints are im-
paired visual acuity and blurred vision. Less fre-
quently, patients complained of metamorphopsia
or a negative scotoma [1, 19]. Type 1 IMT was
found to be unilateral in 90-100% [1, 18, 50].

Fig. 12.1 a-c Fluorescein angiography and optical coherence tomography (OCT) imaging in a 54-year-old man
with type 1 idiopathic macular telangiectasia in the left eye (OS). Visual acuity in the right eye (OD) was 20/20
and in the OS 20/40. a OD shows normal fluorescein angiography. b, ¢ Fluorescein angiography in the early phase
reveals capillary aneurysms temporal to the fovea (b) that show leakage in the late phase (c). d, e A horizontal
OCT scan shows normal retinal configuration in OD and cystoid macular edema mainly located temporal to the
fovea in OS
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Gass and Blodi found a median visual acu-
ity of 20/40 (range 20/20-1/200) in type 1A and
rarely less than 20/25 in type 1B [18]. Abujamra
and co-workers examined 8 patients who had a
visual acuity between 20/50 and 20/80 in 75%
and 20/100 and 20/200 in 25% of eyes [1].

Visual impairment is usually associated with
a prominent cystoid macular edema [18, 19].
Progressive functional deterioration as well as
rare spontaneous resolution of the intraretinal
edema has been reported during a review period
of up to 33 years [18]. In a retrospective study
vision loss was associated with an increase in
the extent of telangiectasia and intraretinal cys-
toid edema [49]. There have been no reports of
functional deficits within the extrafoveal area of
telangiectatic vessels. Recent preliminary indi-
vidual microperimetric assessments show only
slightly decreased retinal sensitivity in the area
involved (Fig. 12.2).

12.2.4 Pathophysiological
Considerations

Various links with systemic diseases have been
described. However, no clear association with any

B s s 012

systemic or other ocular disease has been found.

It has been proposed that type 1 IMT is a de-
velopmental disorder that represents a variant of
Coats’ syndrome and Leber’s miliary aneurysms,
with Coats’ disease at one end of the spectrum
and type 1 IMT at the other [5, 18]. The patho-
genesis so far remains unclear.

12.2.5 Therapy

Focal laser photocoagulation [10, 18, 19] of the
affected area, as well as intravitreal administra-
tion of triamcinolone [30], have been shown to
result in a decrease of the macular edema and an
improvement in visual acuity in type 1 IMT in
small case series. However, spontaneous resolu-
tion has also been reported in some cases [18,
19]. From our own experience, rebound phe-
nomena seem to be common after intravitreal
triamcinolone injections (Fig. 12.3). At the same
time, repeated injections carry potential risks,
particularly with regard to steroid glaucoma.
Information from prospective trials to system-
atically address the natural history and potential
long-term treatment effects in this rare condi-
tion is lacking.

Fig. 12.2a,b Microperimetric examination with the MP 1 (Nidek). Interpolated sensitivity map of the patient
with type 1 macular telangiectasia presented in Fig. 12.1. The blue dots demonstrate fixation stability during the
examination time. a OD shows normal sensitivity. b OS shows only a minor decrease in retinal sensitivity tem-

poral and inferior to the fovea



Summary for the Clinician

B Biomicroscopy, fluorescein angiography,

and optical coherence tomography are
essential for the diagnosis of typ 1 IMT.
Fluorescein angiography reveals telangi-
ectatic capillaries temporal to the fovea
in the early phase with leakage of fluo-
rescein dye in the late phase.

Optical coherence tomography demon-
strates intraretinal edema.

The majority of patients maintain read-
ing visual acuity.

Focal laser photocoagulation and in-
travitreal triamcinolone have been de-
scribed as potential treatment options.

Baseline

12.3 Type 2 Idiopathic Macular Telangiectasia

12.3 Type 2 Idiopathic Macular
Telangiectasia

This most common form of IMT was originally
characterized as a distinct clinical entity by Hut-
ton et al. in 1978 [24]. The vascular changes are
bilateral, but may be asymmetric [50]. The major
vascular abnormality appears to affect the deeper
capillary network rather than the inner retinal
capillaries. However, Yannuzzi and co-workers
identified telangiectatic vessels, both in the inner
and outer retinal circulation [50].

Gass and Blodi [18] described five stages
(Table 12.1) and suggested a temporal sequence.
Stage 1 is ophthalmoscopically unconspicious
and vascular incompetence is only seen an-
giographically by diffuse hyperfluorescence in
late-phase fluorescein angiography. At stage 2,
minimal macular edema becomes evident by
a reduction of parafoveal retinal transparency.
Stage 3 is characterized by dilated right-angled

Fig. 12.3 Effect of intravitreal
triamcinolone injection in type
1 macular telangiectasia. Left
eye of the patient presented in
Fig. 12.1. Three months follow-
ing injection, the cystoid macu-
lar edema with marked retinal
thickening has resolved. Note
recurrence of macular edema

6 months after treatment
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vessels and stage 4 by intraretinal proliferation
of pigment epithelial cells typically along right-
angled vessels. Stage 5 is characterized by a sec-
ondary neovascularization.

Further sequelae of type 2 IMT may be lamel-
lar or full thickness macular holes, presumably
due to progressive degeneration and atrophy of
neurosensory retinal cell elements [18, 19, 38,
42]. Furthermore, retinal-retinal anastomosis
was described [50].

12.3.1 Epidemiology

There are no data on the incidence or preva-
lence of type 2 IMT. The disease appears to occur
without gender predilection [18, 50]. However,
smaller case series suggested a higher prevalence
in females [1] or in males [7].

The disease typically becomes symptomatic in
the fifth or sixth decade. The mean age in differ-
ent studies was between 52 and 59 years with a
range from 33 to 82 years [1, 7, 18, 50].

Bilaterality has been reported in 90-100% of
all cases [1, 18, 50], which, together with the oc-
currence in monozygotic twins as well as in fami-
lies, suggests that genetic factors are involved in

A

the pathogenesis of type 2 IMT [9, 24, 25, 29, 33,
37, 47].

12.3.2 Diagnostic Approach
and Clinical Findings

The most frequent complaint was reported to be
aloss in visual acuity in at least one eye. However,
metamorphopsia or a positive scotoma may be
present in individual patients [1, 19].
Ophthalmoscopically, vascular telangiectasia
may not be readily identifiable, although visu-
alization is facilitated using red-free light. The
involved area is predominantly temporal to the
fovea, but may encompass the entire perifoveal
capillary network (Fig. 12.4a) [1, 18, 50]. Abu-
jamra and co-workers reported a slight parafo-
veal retinal graying to be present in 100%, dilated
right-angled venules in 82% and intraretinal stel-
lar-shaped pigment plaques in 64% of affected
patients [1]. Retinal crystalline deposits may be
present in early and late stages [35] and were re-
ported to occur in 38-68% [1, 18, 35]. They tend
to aggregate temporal to the fovea. Foveal thin-
ning or atrophy may be seen at any stage. In indi-
vidual patients, development a central vitelliform

Fig. 12.4A-D Right eye of a 54-year-old man with type 2 macular telangiectasis. A Fundus color photograph
shows perifoveal loss, retinal transparency, crystalline retinal deposits, and the impression of a lamellar macular
hole. Temporal to the fovea, there is intraretinal pigment clumping and dilated right angled venules that end in
the area of the pigmentation. B, C Fluorescein angiography shows telangiectatic parafoveal capillaries in the early
phase (B) with leakage in the late phase (C), both predominantly temporal to the fovea. D OCT scan showing
foveal atrophy in the superficial neurosensory layer with a covering internal limiting membrane drape, intra-
retinal pigment clumping to the left of the fovea, and adjacent disruption of the inner segment/outer segment

photoreceptor junction line



lesion measuring a % of disc diameter has been
described [19]. Dilated right-angled venules and
perivascular stellar intraretinal pigment hyper-
plasia was frequently [14, 17, 18], but not invari-
ably [50], observed in eyes that subsequently de-
veloped neovascularization.

Fluorescein angiography has been the gold
standard for confirmation of the diagnosis. It
readily shows telangiectatic capillaries predomi-
nantly temporal to the fovea in the early phase
(Fig. 12.4b) and an increasing diffuse hyperfluo-
rescence in the late phase (Fig. 12.4c). Leakage in
all four quadrants of the macula was reported to
occur in 29-47% [1, 18].

On OCT imaging, very small to more promi-
nent foveal hyporeflective or cystoid spaces that
may occur in all neurosensory layers are present
in most eyes (Fig. 12.4d) [20, 43]. The clinical cor-
relate may be the impression of lamellar macular
holes or foveal atrophy. Hyporeflective spaces
in OCT imaging seem to be slightly decentered
temporally and accordingly are sometimes only
detected on horizontal scans. Interestingly, there
is alack of correlation between retinal thickening
on OCT and leakage on fluorescein angiography
[20, 43]. Further OCT findings may be a disrup-
tion of the inner segment/outer segment photo-
receptor junction line, a unique internal limiting
membrane draping across the foveola related to
an underlying loss of tissue, intraretinal hyper-
reflectivity due to intraretinal pigmentary prolif-
eration and/or neovascularization, neurosensory
atrophy, and sometimes foveal detachment with-
out subretinal new vessels. Despite these abnor-
malities, neurosensory thickness as measured
by OCT is usually below or within the range of
reference values due to neurosensory atrophy
[6, 20].

As recently demonstrated with novel imaging
techniques, a further phenotypic characteristic of
type 2 IMT appears to be the abnormal distribu-
tion of luteal pigment in the macula (Fig. 12.5).
Our group showed that macular pigment dis-
tribution reveals a consistent pattern in patients
with type 2 IMT: corresponding to the parafo-
veal late hyperfluorescent area revealed by fluo-
rescein angiography, macular pigment density
was significantly reduced in the central macula
with a preserved macular pigment density at the

12.3 Type 2 Idiopathic Macular Telangiectasia

peripheral border (Fig. 12.5a-c). In contrast, in
type 1 IMT normal macular pigment distribu-
tion is present with the highest density of macu-
lar pigment in the fovea and a decrease toward
the periphery (Fig. 12.5d, e). The findings point
toward an abnormal transport and/or storage of
lutein and zeaxanthin in type 2 disease. Macular
pigment mapping may be helpful in the differn-
tial diagnosis.

Summary for the Clinician

B Fluorescein angiography in type 2 IMT
shows telangiectatic capillaries parafove-
ally in the early phase and leakage in the
late phase. These changes occur predom-
inantly temporally, but may also encom-
pass the entire juxtafoveal area.

B Despite visible leakage on fluorescein
angiography, no intraretinal edema and
thickening, but rather atrophic changes,
are seen on OCT.

B OCT typically shows hyporeflective
spaces in the foveal neurosensory retina.

12.3.3 Functional Implications

In the largest case series to date, Gass and Blodi
reported a visual acuity of 20/20 or better in 32
eyes and a median visual acuity of 20/40 (range
20/15 to hand motions). None of the patients had
a visual acuity of 20/200 or worse in either eye
[18]. They stated that most patients would be-
come symptomatic only after the occurrence of
stage 3 changes. In a case series of 11 patients,
visual acuity was 20/40 or better in 22.7%, 20/50-
20/80 in 40.9%, 20/100-20/200 in 27.2%, and
20/400 or less in 9.2% of eyes [1].

In the early stages, functional impairment may
be mild with no or only slight reduction in best-
corrected central visual acuity. Mild metamor-
phopsia [19], predominantly located nasally to
the fixation point, may be an early symptom that
is most easily detected by examination with the
Amsler grid. Visual acuity may decline gradually.
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A

Fig. 12.5A-E Right eye of a 48-year-old woman with type 2 macular telangiectasis. A, B Macular pigment distri-
bution and late phase fluorescein image. Corresponding to the late hyperfluorescent areas revealed by fluorescein
angiography, macular pigment density was significantly reduced, while there was a marked area of preserved
macular pigment density at the peripheral border at 5-7° eccentricity. C 3D macular pigment optical density im-
age of the same eye. D, E Macular pigment density in OD (D) and OS (E) of the patient with type 1 IMT presented
in Fig. 12.1 shows a normal distribution in OD with the highest density of macular pigment in the fovea and a
regular pattern with a slightly washed out appearance in OS



However, Watzke and co-workers reported 25%
of eyes to remain stable during a review period of
10-17 years [49]. Visual acuity less than 20/200
is rarely observed, but there may be a marked
functional impairment due to progressive foveal
atrophy or due to the development of intraretinal
or choroidal neovascularization [14, 18, 49, 50].

Engelbrecht et al. [14] retrospectively stud-
ied the natural visual outcome in 26 eyes that
developed stage 5 disease. Eighty percent of the
eyes had a final visual acuity of 20/100 or worse.
However, no prospective studies have yet been
undertaken to more accurately determine the
natural history of type 2 IMT and its progres-
sion over time, although such a multicenter
study has recently been initiated by the MacTel
consortium (see Sect. 12.5). Casswell and co-
workers suggested the risk of developing bilateral
disciform lesions to be high if one eye is already
affected [7].

We recently used a microperimetric approach
to record functional deficits in type 2 IMT [8].

12.3 Type 2 Idiopathic Macular Telangiectasia

Early disease stages usually show a preserved
retinal sensitivity (Fig. 12.6a). In later stages,
parafoveal sensitivity declines in topographic
correlation to the area of late angiographic leak-
age (Fig. 12.6b). The main defect was found to
be located temporal to the fovea. Stages 4 and 5
always showed an absolute scotoma. This sensi-
tivity decrease was topographically related to ei-
ther retinal pigment clumping or to the vascular
membrane. Further causes of the development of
deep scotomas were loss of outer neurosensory
structures as seen on OCT imaging or atrophy
of the pigment epithelium-neuroretina complex.
Visual acuity was correlated with foveal light sen-
sitivity, but not with the light sensitivity temporal
to the fovea.

Assessment of fixation stability and reading
acuity and speed revealed a functional impair-
ment of reading in later disease stages, despite
relatively stable central fixation, suggesting that
the reduced parafoveal retinal sensitivity affect
reading performance (unpublished observation).

Late phase flucrescein angiography

—

Fig. 12.6A,B Microperimetric examinations of eyes with type 2 macular telangiectasia. A Right eye of a 63-year-old
male with stage 2 disease according to the classification by Gass and Blodi. Retinal graying is seen funduscopically,
and small crystalline deposits are located temporal to the fovea. In the late angiographic phase, there is parafoveal
leakage predominantly temporal to the fovea. Microperimetry shows only a minor decrease in retinal sensitivity fo-
veal and temporally inferior to the fovea. B The same eye as in Fig. 12.4 with stage 4 disease. Microperimetry shows
a total and sharply demarcated scotoma in the parafoveal quadrant temporal and inferior to the fovea
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Summary for the Clinician

B Median visual acuity has been reported
to be 20/40 in large case series, but the
development of secondary neovascular-
ization (stage 5 disease) may cause se-
vere visual loss.

B In later stages, parafoveal scotomas may
be present due to atrophic changes lo-
cated temporal to the fovea. .

12.3.4 Associated Diseases

In larger studies, systemic arterial hypertension
and diabetes mellitus were found in a propor-
tion of patients with type 2 IMT [1, 18, 50]. A
histopathological study revealed similar retinal
capillary changes to those seen in diabetic pa-
tients [21]. Against this background, two groups
further studied the potential role of diabetes
mellitus in type 2 IMT. Maberley and co-work-
ers [31] found abnormal glucose metabolism in
35% of 28 patients and Chew et al. described 5
patients with long-standing diabetes mellitus
and type 2 IMT [9]. However, the prevalence of
diabetes mellitus in other larger series was not
found to be greater than expected in an age-
matched population [31, 50, 50] and, therefore,
larger studies are needed to determine whether
or not there is a true association between the
two diseases.

Furthermore, cardiovascular and heart disease
[18, 50], polycythemia vera [18], Alport’s disease
[18], breast and prostate cancer [50], stroke [50],
celiac sprue [28], spastic paraplegia [29], pseu-
doxanthoma elasticum [41], and facioscapulo-
humeral muscular dystrophy [15, 22] have been
reported in individual patients. Single cases of
different associated ocular diseases (hyperopia,
keratoconus and congenital cataract, iris micro-
hemangiomas) have been reported [3, 19]. In the
authors’ experience, hyperopia and synchysis
scintillans seem to occur more often than in an
average population. However, such associations
are difficult to confirm due to the rarity of the
disease, and clarification is awaited from larger
studies.

12.3.5 Pathophysiological
Considerations

The spatial predilection of the vascular abnor-
malities temporal to the fovea has been attri-
buted by Gass and Oyakawa [19] to the presence
of more numerous arteriovenous crossings tem-
poral to the fovea compared with nasally. It was
speculated that this might give rise to a chronic
low-grade congestion or venous stasis of the tem-
poral paramacular capillaries.

Watzke et al. [49] suggested a developmen-
tal origin based on findings by Nishimura and
Taniguchi [36]. They found that the vessels in
the temporal paramacular area were formed by
anastomoses of superior and inferior vessels and
not by extension, like all the other retinal vessels.
This could cause structural abnormalities with
subsequent decompensation of these vessels in
adult life.

The dilated right-angled venules are consid-
ered to drain telangiectatic capillaries. The vas-
cular membranes in stage 5 are most commonly
located temporal to the fovea [14] and are be-
lieved to originate in the retinal vasculature, but
may later also include connections to the choroi-
dal vasculature or choroidal neovascularization
(11, 14, 18].

Green et al. published a light and electron
microscopic study of an eye with confirmed
type 2 IMT [21]. Interestingly, they did not find
telangiectatic vessels within the macular area,
but rather narrowing of the capillary lumen
from proliferation of a multilaminated endo-
thelial cell basement membrane. Furthermore,
they reported a partial loss of pericytes, accu-
mulation of lipids within the capillary walls and
localized areas with disrupted endothelial cells.
The neurosensory retina showed intracellular
and intercellular edema in the temporal para-
foveal area with granular material in the extra-
cellular spaces. Some ganglion cells and cells in
the inner nuclear layer appeared to be undergo-
ing degeneration. The outer nuclear layer was
less affected. Similar changes were observed in
the peripheral retina. The retinal pigment epi-
thelium appeared normal. They postulated that
the angiographic appearance of telangiectasia
could be due to rapid diffusion of the dye into



the thickened wall of the capillary sites of endo-
thelial cell degeneration, subsequent diffusion
within the wall, and eventual leakage into the
surrounding tissue.

The clinical and pathologic resemblance of
type 2 IMT to radiation retinopathy led to a case-
control study with 65 cases and 175 controls. The
group identified a history of therapeutic head or
neck irradiation (odds ratio 4.06) and environ-
mental radiation exposure (odds ratio 6.73) to be
risk factors for type 2 IMT [31].

12.3.6 Therapeutic Approaches

In disease stages without neovascular membranes
(nonproliferative stage), argon laser photocoagu-

Early phase fluorescein angiography

Fig. 12.7 Effects of intravitreal applications of the
vascular endothelial growth factor (VEGF) antagonist
bevacizumab on the appearance in early and late phase
fluorescein angiography in OS of a 52-year-old woman.
Fluorescein angiography at baseline is shown on the left.
Two intravitreal injections of 1.5 mg (0.06 ml) bevaci-
zumab were performed with an interval of 4 weeks. The
right images show the angiographic results at 4 weeks
after the first injection and at 4 weeks after the second
injection. Early phase angiography shows a decrease in
ectatic parafoveal capillaries and late phase angiogra-
phy shows a marked decrease in fluorescein leakage.
Visual acuity improved from 20/80 to 20/63
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lation (ALP) [18, 40], the largest series reported
by Park and co-workers [40], as well as photody-
namic therapy [12], have not shown any benefi-
cial effects. Argon laser photocoagulation in type
2 IMT may be complicated by subretinal hemor-
rhage [16] and by potential induction of neovas-
cular menbranes [14, 39]. Long-term data on the
outcome following argon laser photocoagulation
in type 2 IMT are not available.

Intravitreal application of triamcinolone was
performed in some patients [2, 6, 32], and a re-
duction of the late-phase hyperfluorescence in
fluorescein angiography with [32] or without [2,
6] significant improvement in visual acuity was
reported. The longest review period was 6 months
in the study by Cakir and co-workers and showed
a waning effect within that time period [6]. A
recent study reported the effect of posterior jux-
tascleral administration of anecortave acetate, an
angiostatic synthetic cortisol derivative without
corticosteroid bioactivity [13]. It was found that
visual acuity was stabilized over 24 months. How-
ever, no data were provided with regard to the
natural history in the fellow eye, the angiographic
effects, or alterations on OCT imaging.

A new pharmacological approach may be the
inhibition of vascular endothelial growth factor
(VEGEF). Short-term results indicate that intra-
vitreal application of the VEGF inhibitor beva-
cizumab is associated with a reduction in ectatic
capillaries in early-phase fluorescein angiography
as well as in late-phase leakage in type 2 IMT
(Fig. 12.7) [8a, 8b]. These findings imply that
VEGF plays a pathophysiological role in type 2
IMT. Furthermore, intravitreal bevacizumab was
found to improve visual acuity in a subset of pa-
tients.

As atrophy indicated by “retinal black holes”
on OCT imaging implies cell death in the neuro-
sensory retina, administration of neuroprotective
agents may be a rational therapeutic approach in
the future (Mark Gillies, personal communica-
tion).

In the vasoproliferative stage the development
of secondary neovascularization is a major cause
of severe vision loss in type 2 IMT [14, 18, 50]
and various therapeutic approaches have been
undertaken to tackle this stage of the disease.
Park and co-workers found little change in the
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size of the fibrovascular tissue and therefore
questioned the usefulness of treatment in stage 5
eyes [39]. Therefore, interventions appear to be
most beneficial in early and active disease stages
before the development of fibrotic membranes.
There are two reports on the surgical removal of
subfoveal vascular membranes in two eyes with
type 2 IMT [4, 11]. Due to the adherence of the
membranes to the neurosensory retina, removal
proved to be difficult and visual outcome was
poor. Visual stabilization and deterioration have
been reported after argon laser photocoagula-
tion in stage 5 type 2 IMT [18, 27, 49].

Photodynamic therapy (PDT) was shown to
result in functional and angiographic stabiliza-
tion within a follow-up period of 7-23 months
[23, 44, 48]. However, one patient’s vision dete-
riorated from 20/50 to 20/200 after four sessions
of PDT [48]. Interestingly, fluorescein angiog-
raphy showed no leakage specific to the sub-
retinal neovascular membrane after treatment,
while leakage from the juxtafoveal telangiectasia
continued.

In a retrospective report studying the effect
of transpupillary thermotherapy (TTT), 92% of
14 eyes showed stabilization or improvement in
visual acuity, as well as regression of the vascular
membrane [46].

Posterior juxtascleral administration of an-
ecortave acetate resulted in the stabilization or
improvement of lesion size, resolution of leakage,
and stabilization of vision [13].

Intravitreal application of bevacizumab in pa-
tients with vascular membranes [26] resulted in
an absence of signs of activity and improvement
of visual acuity in one of the patients presenting
with an extrafoveal membrane [26].

In summary, there is yet insufficient informa-
tion on potential treatment benefits to make any
general recommendations. There are obviously
promising approaches that need assessment in
extensive clinical trials.

Summary for the Clinician

B Focal laser photocoagulation appears to
be ineffective in the nonproliferative dis-
ease stages of type 2 IMT.

B Preliminary short term observations
demonstrate positive effects of intravit-
really administered anti-VEGF agents.

m In proliferative stage 5, photodynamic
therapy, transpupillary thermotherapy,
juxtascleral anecortave, and intravitreal
anti-VEGF therapy have been applied in

small case series.
12.4 Type 3: Idiopathic
Macular Telangiectasia

Type 3 occlusive IMT occurs much less frequently
than other types of IMT. It is characterized by,
minimal exudation and relatively preserved visual
acuity despite extensive occlusion in the juxtafo-
veolar capillary network [18]. There seems to be
a familial tendency. However, none of the other
larger case series of patients with IMT reported
similar patients [1, 50].

12.5 Perspectives

Recently, based on new findings using OCT im-
aging and high-speed indocyanine green angio-
graphy, Yannuzzi and co-workers presented a
simplified classification (Table 12.2) [50]. Gass
and Blodi’s groups 1A and B were combined as
aneurysmatic telangiectasia (or type 1) since
they believe that a small focal area in the jux-
tafoveal region simply represents a less severe
variant in the spectrum of the disease and pro-
gresses to more extensive disease over time.
Group 2 was named perifoveal telangiectasis
(or type 2) and divided into only two categories:
nonproliferative, representing Gass and Blodi’s
stages 1-4, and proliferative, representing stage
5. They argued that staging on this anatomical
basis would have a functional significance since
vision loss is due to progressive atrophy in the
nonproliferative stage and due to development
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Chapter 13

Peter Walter

Core Messages

B Artificial vision is created by implants in
the visual system operating by electrical
stimulation via multielectrode arrays

B The retina, the optic nerve, and the vi-
sual cortex are targeted by chronic im-
plants in pilot clinical trials

B Blind patients reported visual sensa-
tions, objectlocalization, and simple geo-
metries

B Animal experiments showed that the
possible resolution using retinal im-
plants will be about 1° of visual field and
about 25 frames per second

B The quality of artificial vision in the fu-
ture will be improved by increasing the
number of implanted electrodes and by
optimizing stimulation paradigms .

13.1 Introduction

The term “artificial vision” comprises approaches
for restoring vision in blind individuals using
devices or implants. Although other approaches
could be assumed under the term artificial vision
using nonvisual senses such as tactile devices
[44], nowadays artificial vision means restoring
vision using implants interfacing with neurons of
the visual system [10, 38]. Currently, some pro-
totypes for such implants are under investigation
in animal experiments, but also in pilot clinical
trials. These systems are based on the electrical
stimulation of groups of neurons at several lev-
els of the visual system with multielectrode ar-
rays placed onto or underneath the retina, onto
the visual cortex, around the optic nerve, on the
sclera or in the suprachoroidal space.

The history of artificial vision began when
Brindley implanted several electrical stimula-
tors close to the visual cortex in a woman who
was blind due to retinitis pigmentosa (RP). Af-
ter surgery, this patient was able to see spots of
lights—electrically evoked phosphenes. Large ef-
forts were undertaken to characterize the kind of
phosphenes that were elicited with this system [3,
4, 54]. The Brindley approach was later contin-
ued by Dobelle, who implanted several patients
with his cortical stimulator. The stimulator was
connected to an external power source and to a
visual processor with a cable. The information
for the visual processor was taken from a cam-
era chip mounted on one glass of spectacles and
from an ultrasound sensor giving distance in-
formation. The Dobelle group reported that the
patients were able to see phosphenes, to identify
obstacles and to recognize high contrast objects
(14, 15].

As technology advanced, especially in the
field of microsystem technology and integra-
tion, but also with the advances in microsurgery
new concepts were considered. Much smaller
devices were designed and fabricated, devices
that were remotely controlled, and devices that
could be much more efficient in terms of spa-
tial and temporal resolution compared with the
historic approach of Brindley. The final goal of
artificial vision is not to elicit phosphenes, but to
restore vision with spatial and temporal proper-
ties similar to natural vision, vision that can be
used by blind individuals to improve their daily
life and performance, not only to restore spatial
and temporal resolution in a picture, but also to
restore the emotional content of vision, such as
the recognition of a beautiful landscape, a color-
ful sunset or the face of a beloved friend, to make
them also be able to participate in the emotional
side of our visually dominated life.
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13.2 Current Concepts

for Restoring Vision Using
Electrical Stimulation

Artificial vision uses electrical stimulation to
drive neurons of the visual system, which are de-
pleted from their natural input. Usually, electrical
stimulation is provided in such concepts by im-
plants consisting of an array of stimulating elec-
trodes and electronic components, e.g., for pulse
generation. Two main concepts evolved, one is
that the optic path of the eye is still used to trans-
mit visual information. In the second concept,
visual information is obtained by a camera sys-
tem. This information is then further processed
depending on the level of the visual system where
the stimulation is intended.

In the original idea of subretinal stimula-
tion the implantation of thousands of very small
microphotodiodes in the subretinal space was
planned. These elements should transform light
coming naturally through the optical path of the
eye in electric current strong enough to drive
postsynaptic cells. The microphotodiodes were
intended to replace the photoreceptors. In this
concept additional data processing or energy
supply was not required. It was thought that the
postreceptoral retinal data processing would be
done by the postsynaptic neural network, which
was thought to be more or less intact [6, 37, 55].
Chow et al. implanted several patients with such
a system, an artificial silicon retina (ASR) in the
subretinal space [8]. The surgery was carried out
without complications and the patients reported
visual sensations in the first year. Unfortunately,
after a longer follow-up the patients reported
that the percepts disappeared, and they were as
blind as before the implantation. It turned out
that the devices did not generate enough power
to drive postsynaptic cells. Most likely, the pri-
mary percepts were the result of an unspecific ef-
fect of mediators and other cell signal molecules
released after surgery [35, 36].

In approaches interfacing with ganglion cells
or cells in the visual cortex, camera systems and
data processing algorithms with application-spe-
cific hardware are used to obtain visual informa-
tion and to calculate optimal stimulation pulses.
Furthermore, in such approaches data process-

ing algorithms will be modified by the percepts
of the user in a training procedure.

13.3 Interfacing the Neurons

In RP the photoreceptors degenerate. However,
postsynaptic neurons also show considerable
changes in the degenerated retina with a loss of
cell bodies and a chaotic de-organization. In ad-
vanced cases of RP a certain amount of ganglion
cells remain alive [40, 47], but a huge amount
of remodeling occurs in which new circuits
are established and in which neurons migrate
along glial structures forming microneuromas.
The typical layered structure of the retina with
known functional connections is destroyed [28,
31]. Electrical stimulation to restore neural func-
tion uses charge delivery from a stimulating elec-
trode to adjacent cell membranes so that their
membrane potential is considerably modulated.
By changing this membrane potential a neuron
may fire action potentials or release neurotrans-
mitters at its synaptic terminal, thus making the
neuronal chain functioning again as a response
to stimulating pulses emitted from electrodes of
a implanted stimulation device. However, mak-
ing predictions which cells will be stimulated
and which postsynaptic cells will be activated is
nearly impossible because of the structural and
functional remodeling of the degenerated retina
and because in the clinical situation it cannot be
exactly planned where stimulating electrodes
will be placed with regard to the position of tar-
get cells (Fig. 13.1). If specific activation of cells
is the goal, then it is desirable to have as many
electrodes as possible to contact as many neu-
rons as possible in a 1:1 ratio. Electrodes should
be placed as near to the target cell as possible.
Charge delivery may induce adverse events in the
target tissue or in the material of the electrode;
therefore, certain safety ranges of charge delivery
should be taken into account. As a consequence
electrodes could not be made as small as possible
because the charge density would be enhanced,
which is the main parameter in terms of elec-
trode material stability and safety. Currently, in
approaches using electrodes on the retinal sur-
face electrodes are fabricated in diameters of
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Fig. 13.1 a Simplified cone pathway in the healthy vertebrate retina. Action potentials measured in the axons of
the retinal ganglion cells (RGC) are evoked by the release of neurotransmitters (blue bubbles) from the terminals of
presynaptic cells. b Electrical stimulation in a normal cone pathway in the dark. Action potentials were elicited by
changing the membrane potential of RGC with charge delivery from stimulating electrodes. Receptors are quiet in
darkness; neurotransmitter action is still present from interneurons. ¢ The original idea of ganglion cell stimulation
in advanced retinitis pigmentosa: no receptors present. Action potentials should be elicited as in b. d More realistic
model of electric stimulation in the retina with advanced receptor degeneration. Ganglion cell bodies are in unpre-
dicted positions of the retina as well as interneurons being in different positions. The circuitry may be completely
remodeled and chaotic. Electrode positioning maybe very variable with regard to ganglion cell position

40-200 um. Electrode materials are platinum or
gold with or without regular or sputtered iridium
oxide. Surface modification of these electrodes is
used to increase the surface area of the electrode
without increasing the electrode diameter in or-
der to reduce the charge density to protect both
the material and also the tissue against side-ef-
fects of chronic electrical stimulation. These large
electrodes could be placed close to the outer sur-
face of the retina as well as underneath the retina.
However, compared with the cell the electrodes
are still very large and single-cell stimulation is
not possible. Whole cell clusters will be activated
with such large electrodes.

However, by intelligent selection of stimulus
parameters the activation of certain cell types may
be possible even when the electrode is adjacent
to a cell cluster [23, 45, 46]. Technical difficulties
are explained by the power needed to individually
activate thousands of electrodes and by the elec-
tronics to transmit such very high density signals
within a biologically safe range of power.

Summary for the Clinician

B Electrical stimulation acts by changing
the membrane potential of neurons

B Electrodes should be as close to the neu-
rons as possible

B Retinal remodeling may have a signifi-
cant impact on stimulation protocols

13.3.1

Based on the early experiments of Dawson and
Radtke [12], but also on the consideration that
in RP more damage is in the outer retina than
in the inner retina, strategies were developed
based on multielectrode arrays fixed onto the
inner retinal surface. The aim of this concept
is to stimulate ganglion cells [18-20, 27, 39].
The electrodes are usually mounted on a flex-
ible substrate, usually polyimide is used for this

Epiretinal Stimulation
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purpose. The electrodes are driven by power
sources either outside the eye or inside the eye.
If the power source is inside the eye, then it has
to be controlled remotely via inductive or op-
toelectronic signal end energy transfer. If the
power source is outside the eye, it is necessary
to connect the multielectrode array with a cable
to the power source. The cable has to cross the
wall of the globe, usually through the choroid
and sclera. Such an implant with a transscleral
cable connection to an epiretinal multielectrode
array was fabricated by Mahadevappa and col-
leagues and has been evaluated in a pilot clinical
trial [30]. Theoretically, a transretinal cable may

be at risk of intraocular infection or the risk of
shearing forces transmitted to the implant and
its anatomical interface with the inner retinal
surface when the eye is moved. However, no
reports exist on such potentially adverse events.
The approach being used by Hornig et al. also
consists of an epiretinal multielectrode array, a
transscleral cable connection, and a data and en-
ergy system in which a receiver coil is mounted
onto the scleral surface [25]. The group of Wal-
ter and Mokwa fabricated an epiretinal device in
which the transponder coil is implanted in the
capsular bag, meaning that no cable passes the
wall of the globe (Fig. 13.2) [1, 49].

Fig. 13.2 Possible approaches to data and energy transfer in epiretinal stimulation. a Receiver for data and signal
is implanted in the capsular bag. The sending coil is outside in front of the eye. b Receiver coil is implanted far
from the eye, e.g. subcutaneously behind the ear. A cable connects the receiver to the multielectrode array and
passes through the globe wall. This system is comparable to the data transmission system of cochlea implants.
¢ Receiver is implanted onto the ocular surface, e.g. onto the sclera with a transscleral cable connecting the re-
ceiver to the multielectrode array. the sending coil is outside lateral to the eye.

Object Camera

Xl

Signal Processor Stimulator Percept

——10

compare object and percept:
modify processor algorithms

Fig. 13.3 Simplified concept of
a visual preprocessing loop. The
patient compares the percept
and the object that he should see
and modifies the characteristics
of the filters implemented in

the data processing unit. In sev-
eral feedback loops the percept
should be improved and as close
to the object as possible




A crucial problem in epiretinal stimulation
is the stimulus paradigm. Usually, ganglion
cells receive preprocessed data from retinal in-
terneurons and not only information on which
receptor is activated by light. Therefore, camera
data resembling receptor activation have to be
processed in an encoder simulating retinal data
processing. Adaptive spatiotemporal filters are
used to process the camera data and the out-
put of this processing is then used to stimulate
the ganglion cells [21]. Because it is previously
not known which ganglion cells are stimulated,
the encoder properties have to be modified in a
learning procedure based on the percepts of the
patient, which should be as near to the input sig-
nal as possible (Fig. 13.3).

Summary for the Clinician

B In epiretinal stimulation electrodes are
placed onto the inner retinal surface.

B The target cells are ganglion cells.

B Fixation is achieved with retinal tacks.

B Camera signals must be preprocessed
using visual encoder technology.

B Signal and energy transmission concepts
include both wire and wireless solutions.

B The first clinical trials are underway.

13.3.2 Subretinal Approach

In the subretinal approach microphotodiodes are
implanted underneath the retina. The original
idea of Chow et al. and Zrenner et al. was that
thousands of such photodiodes would act as ar-
tificial receptors and change the light into a cur-
rent large enough to drive postsynaptic cells in
the retina [7, 8, 43, 55, 56]. However, it was found
that the current generated by the currently avail-
able microphotodiodes was not strong enough
to drive these cells. Therefore, implants are now
fabricated with an additional power supply [24].
Zrenner and his group was able to demonstrate
in patients that direct subretinal electrical stimu-
lation can elicit phosphenes in patients over a
certain time period and that patients were able to
detect some basic geometries [53].

13.3 Interfacing the Neurons

At present, it is not exactly clear what cells are
activated in subretinal stimulation in advanced
cases of RP because the retina shows a signifi-
cant amount of destruction of the original layer
structure making ganglion cells reach even as far
as the outer retinal surface. It may be disclosed
in the future that with both approaches ganglion
cells and postsynaptic cells were activated from
the epiretinal or from the subretinal side. That
may also mean that the preprocessing of the in-
put is maybe necessary for both approaches.

Summary for the Clinician

B In subretinal stimulation electrodes are
placed underneath the retina.

B Target cells are postsynaptic neurons.

B No specific fixation procedures are nec-
essary.

W First clinical trials are underway.

13.3.3 Transchoroidal, Transscleral,
and Suprachoroidal
Stimulation

In both the epiretinal and subretinal approaches
major surgical steps have to be taken, meaning
that both approaches have a certain risk profile.
Therefore, approaches are considered to mini-
mize the surgical risk. Electrode arrays may be
placed with their basic structure onto the outer
scleral surface or in an intrascleral pocket [9, 33].
Needle-type electrodes should penetrate into
the suprachoroidal or into the subretinal space
to get close to the target cells. Such approaches
are not free of surgical risk because placement of
such structures at the posterior pole may cause
trouble with the ciliary arteries and sharp elec-
trodes may penetrate deep within the retina. In
concepts in which the electrodes remain on the
scleral surface or in the suprachoroidal space the
main problem remains in the distance between
the electrodes and the target tissue. However, in a
pilot trial Kanda was able to demonstrate in nor-
mal volunteers that they have phosphenes with
stimulus intensities similar to those reported in
epiretinal stimulation and that they were also
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able to differentiate different sizes of phosphenes,
depending on stimulus parameters [29].

Summary for the Clinician

B Stimulation concepts are developed to
reduce the surgical risk.

B Electrodes are not very close to the tar-
get cells.

B Clinical trials are planned.

13.3.4 Optic Nerve Approach

There is some experience in connecting periph-
eral nerves with cuff electrodes. Therefore, such
cuff electrodes were used to contact the optic
nerve in two experiments by Delbeke et al. [13].
They found that they could elicit phosphenes in
their patients. Patients were able to recognize ob-
jects after a long learning period and the object
identification took several minutes of scanning.

The optic nerve was contacted first in a neuro-
surgical approach at the level behind the orbit and
in a second experiment within the orbit. Thresh-
olds for electrical stimulation differed significantly
and were much lower in the cranial approach than
in the orbital approach [2, 13, 16, 48].

From a theoretical point of view, a prosthesis
using stimulating electrodes around the optic
nerve fibers may have the problem of good spatial
resolution because the optic nerve fibers are very
densely packed and therefore a large amount of
fibers could have been stimulated. Whether per-
forating electrodes are a solution to that theoreti-
cal problem remains unanswered at present.

Summary for the Clinician

B Two patients were operated upon.

B Both had visual percepts with different
thresholds.

B The intracranial approach yielded better
results than the intraorbital approach.

W Spatial resolution may be limited by
dense packing of optic nerve fibers. .

13.3.5 Cortical Prosthesis

A large portion of the central nervous system is
involved in the processing of visual information
and the primary target of fibers from the lateral
geniculate nucleus is layer 4 of area V1 at the oc-
cipital pole of the brain.

In V1 good retinal topography is found with
the large representation of the fovea at the most
posterior parts and the peripheral representation
in the more inwardly located, smaller areas of V1.
Researchers intended to contact neurons in V1
to bypass other parts of the visual systems [22].
Such approaches may also be helpful in restor-
ing vision in patients suffering from glaucoma or
trauma to the optic nerve in contrast to retinal
prostheses.

Multielectrode arrays have been developed by
Normann and his group based on silicon needle
arrays [34]. Such multielectrode arrays can be
used for stimulation as well as for recording [52].
Animal experiments showed relatively little fi-
brotic response around the electrode tips [32].
The electrodes could be placed very near to the
somata of the neurons in V1. Silicon-based mul-
tielectrode arrays were also already implanted in
an acute trial in 6 patients who underwent brain
surgery. It was shown that the stimulators could
be inserted with a pneumatic shooter. Excised
brain tissue showed only minor alteration such
as small bleeds and deformations [26].

Summary for the Clinician

B Electrodes are placed near neurons in

the V1 area

Placement is feasible.

B In normal-sighted patients phosphenes
were elicited.

B Clinical trials in blind individuals are

planned.
[

13.4 Pixel Vision and Filters

The possible resolution of artificial vision using
retinal implants was evaluated in animal experi-
ments in which cortical responses were obtained



from the cat’s visual cortex or by optical imag-
ing. These data show a possible spatial resolution
of about 1° in space and 25 images per second
[17, 41, 42, 50]. However, relatively little data are
known on the percepts of patients wearing the
first available prototypes with regard to picture
quality. In the pilot trials that are currently run-
ning threshold measurements are taken and stan-
dardized tests are used where single electrodes or
groups of electrodes are activated. Patients are
asked if they can see something, or if they can see
separate spots of light or a line. Patients are also
asked if they can identify the orientation of a line,
whether it is a horizontal or vertical line. A sys-
tematic analysis of the presentation of real pic-
tures has not yet been carried out. Patients who
are implanted with the 16-electrode array used
by Humayun’s group and who are already con-
nected to a camera system reported that they can
identify high contrast obstacles or that they can
now find the door in the wall of a house. To learn
more about this kind of artificial vision with only
a few implanted electrodes, simulations were
performed based on certain assumptions. The
simplest simulation is pixel vision where each
electrode is considered as a pixel in a rectangu-
lar montage. Such a simulation can be seen in
Fig. 13.4. It becomes obvious that the percept
depends on the complexity of the real picture.
For very simple pictures, e.g., a dark door in a
bright room, only a few electrodes are necessary
to identify the door, for complex pictures such as

12 pixel 48 pixel

Original

Eaa

LLAS

192 pixel

13.4 Pixel Vision and Filters

the face of a person, many electrodes are neces-
sary for face recognition.

To point to a person 48 electrodes are nec-
essary, but for face recognition in the example
shown in Fig. 13.4, 864 electrodes are necessary.
In contrast, to identify the door in Fig. 4b, i.e., to
move to the door, only 12 electrodes are neces-
sary. To identify the obstacle right in front of the
door to the right and to enable free movement
to the door 48 electrodes are needed, but to find
the door opener again 864 electrodes are neces-
sary.

For paragraph reading Dagnelie and cowork-
ers found that 256 electrodes placed on a 3x3 mm
retinal implant are necessary [11].

Performance with such a low number of elec-
trodes in similar tests can be further improved by
the design of the multielectrode array. It may be
useful to place electrodes with a high density in
the center of the device if it is implanted onto the
macula and with a low density in the peripheral
area of the multielectrode array. Performance
will also depend on the size of the electrode array
and the efficacy with which the electrodes make
contact with retinal neurons.

Also, the application of filters to simulate the
characteristics of receptive fields of ganglion cells
is a useful tool to enhance the perceptual perfor-
mance. The concepts for data preprocessing have
been described [5, 21]. However, experimental
data on its application in humans are still not
available.

864 pixel

Fig. 13.4 Simulation of pixel vision assuming that each electrode will provide for a pixel. a Face recognition. b
Identification of a dark door on a bright background. The number of electrodes needed to succeed with a task

depends on the complexity of the picture
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Summary for the Clinician

B Visual tasks can be performed with a
limited number of electrodes.

B Performance can be improved by the ap-
plication of filters.

B The requirement for a high number of
electrodes depends on the complexity of
the visual task; reading and face recogni-
tion requires many more electrodes than
moving around.

Several clinical trials have been started and will
start in the near future of devices with a compara-
ble low number of electrodes. With such devices
only phosphene vision can be stimulated, but not
artificial vision with useful spatial and temporal
resolution. However, these trials will generate
human data on the safety of the general concepts.
They will also provide some data on efficacy, but
the currently developed systems should not be
considered as real visual prostheses because pa-
tients’ expectations cannot be fully met.

However, these implants will serve as the tech-
nological basis for the development of further,
more advanced devices that are much more likely
to do what we are all aiming at, i.e., restoring vi-
sion in blind patients who cannot be treated with
other modalities.

It might also be expected that electrical stimu-
lation will be combined with treatment modali-
ties currently subsumed under the term “regen-
erative therapies,” meaning the use of stem cells
and the genetic modification of transplanted cells.
Both strategies, together with the finding that in
the mature cortex reorganization may also occur
due to chronic electrical stimulation, may lead to
a brighter light at the end of the tunnel [51].

13.6 Conclusion

Artificial vision comprises approaches to electri-
cally stimulating the neurons of the visual system
to bypass degenerated receptors or other neurons
to restore vision in otherwise blind individuals.

Stimulation can take place at the level of the ret-
ina with either subretinal or epiretinal electrodes,
but also with electrodes placed onto the scleral
surface or electrodes in the suprachoroidal space.
Stimulation has also been effected at the level of
the optic nerve and in the visual cortex. These
concepts are currently being evaluated in pilot
clinical trials providing safety data. Future de-
velopments will concentrate on increasing the
number of implanted electrodes, on reducing the
surgical risk, on optimizing stimulus paradigm
strategies, and on modulating the degenerative
process by electrical stimulation.
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anti-VEGF therapies 60
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bacterial infections 81
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binocular stereoscopic
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blepharitis 76, 85
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blind spot 10

blood glucose levels 137

blood pressure control 135

blood vessel density 93

body mass index (BMI) 46
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(BRVO) 147

- intravitreal
triamcinolone 153

Branch Vein Occlusion Study
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Occlusion Study (BVOS)

C-reactive protein (CRP) 38
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cancer therapy 95, 98

cardiovascular disease 192

CARE study 63
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- progression 73
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CATT study 59
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chorioretinopathy
(CSC) 14,21,27

Central Vein Occlusion Study
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central visual acuity 1
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Coats’ syndrome 186
color vision deficits 174
compartment syndrome 157
complement cascade 40
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complement factor H
(CFH) 38
complement system 39
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confocal imaging 21
confocal scanning laser
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confocal scanning laser
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conjunctivitis 76, 85
conventional cupola
perimetry 4,5
convex-concave contact
lens 29
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CRP-see C-reactive protein
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dark adaptation 124
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Diabetes Control and
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diabetic retinal disease 132
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focal laser treatment 138

focal leaks 138
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- medication 140
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~ type2 186

- type3 194

indirect ophthal-
moscopy 84

indocyanine green
angiography (ICGA) 21,
165, 194
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- complications 68

- guidelines 81, 82
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intravitreal steroids 139
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laser photocoagulation 105

laser scanning ophthalmoscopy
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laser scanning tomography 8

laser therapy 131
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lens

- biconvex aspheric 29
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lid speculum 76
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values 12

linkage disequilibrium
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lipid peroxidation 119
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macular hole 8,9, 28
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MAP kinase pathways 55
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methotrexate 74
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Millipore filter 53

mitochondria 177

monocyte chemotactic protein
(MCP) 94

multielectrode array 201, 202,
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pattern electroretinography
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PDT-see photodynamic
therapy (PDT)
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- ocular adverse events 70
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(SLO) 2,9,21,24

scleral ring sectioning 157

SCORE study 147, 148, 155

- inclusion and exclusion
criteria 155

scotoma 6, 13, 15, 120, 123,
191

- size 7

scotomata

- paracentral 10

scrambled egg formation 16

septic shock 96

sheathotomy 156
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Stargardt-like macular
dystrophy 178
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vitreous hemorrhage 74, 79,
149

vitreous reflux 72,78

VMD2 gene 16

VPF-see tumor vascular
permeability factor

i

warfarin sodium 150

wide-field camera systems 30

wide-field contact lens
system 29

wide-field fluorescein
angiogram 30, 31

I

xanthophylls 107

I

zeaxanthin 105, 106, 188
zinc 106, 108

217





