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Foreword

Essentials in Ophthalmology is a new review se-
ries covering all of ophthalmology categorized
in eight subspecialties. It will be published quar-
terly; thus each subspecialty will be reviewed
biannually.

Given the multiplicity of medical publica-
tions already available, why is a new series
needed? Consider that the half-life of medical
knowledge is estimated to be around 5 years.
Moreover, it can be as long as 8 years between
the description of a medical innovation in a
peer-reviewed scientific journal and publica-
tion in a medical textbook. A series that narrows
this time span between journal and textbook
would provide a more rapid and efficient trans-
fer of medical knowledge into clinical practice,
and enhance care of our patients.

For the series, each subspecialty volume
comprises 10-20 chapters selected by two dis-
tinguished editors and written by international-
ly renowned specialists. The selection of these
contributions is based more on recent and note-

worthy advances in the subspecialty than on
systematic completeness. Each article is struc-
tured in a standardized format and length, with
citations for additional reading and an appro-
priate number of illustrations to enhance im-
portant points. Since every subspecialty volume
is issued in a recurring sequence during the
2-year cycle, the reader has the opportunity to
focus on the progress in a particular subspecial-
ty or to be updated on the whole field. The clin-
ical relevance of all material presented will be
well established, so application to clinical prac-
tice can be made with confidence.

This new series will earn space on the book-
shelves of those ophthalmologists who seek to
maintain the timeliness and relevance of their
clinical practice.

G.K. KRIEGLSTEIN
R.N. WEINREB
Series Editors



Preface

This first issue of Vitreoretinal Surgery, in the
series Essentials in Ophthalmology, has been
written to update our knowledge on the large
body of experimental research performed to
date on the most urgent problems of vitreoreti-
nal disease. Priority is given to the most impor-
tant problems in terms of patient numbers -
retinal degeneration, retinal oedema, and pro-
liferative vitreoretinopathy.

Proliferative vitreoretinopathy (PVR) is the
leading cause of blindness in retinal detach-
ment (RD). Recent progress in surgical tech-
niques, sophisticated surgical tools and new vit-
reous tamponades has reduced the number of
enucleations, at least in Europe, but ultimately
the risk of PVR has not been reduced, which is
reported to be between 5% and 10% for idio-
pathic PVR, and between 10 % and 45 % for oc-
ular trauma (the incidence being higher in cas-
es of perforating and blunt injuries and lower
with intraocular foreign bodies). Functional
outcome of surgery for PVR is often disappoint-
ing despite attached retina. Carl Sheridan (Liv-
erpool) reports on the cellular mechanisms of
PVR. Adjunct pharmacotherapy reduces the
number of reoperations in eyes with established
PVR. Improvement of functional outcome re-
quires that high-risk eyes are identified and se-
lected, and that adjunct pharmacotherapy is ap-
plied prior to the establishment of PVR. The
chapter by Chee Kon (London) elaborates the
criteria for detecting eyes with increased risk
of PVR, justifying a prophylactic dose of cyto-
static drugs, and that by Martin Snead (Cam-
bridge) portrays the “giant retina tear” as an
example of a high-risk PVR situation. David
Charteris (London) describes the pharmacolog-
ical progress made in preventing PVR in eyes at

risk, and David Wong (Liverpool) elaborates the
rationale for heavier than water long-term vit-
reous substitutes in the prevention and treat-
ment of PVR.

Retinal degeneration is common as a compli-
cation of age-related retinal pigment epithelial
cell insufficiency (age-related macular degener-
ation), as a consequence of the inflammatory di-
abetic metabolism (diabetic macular oedema),
and as a result of inherent outer retinal genetic
disease (retinitis pigmentosa). Peter Walter
(Aachen) reports on the latest progress on
epiretinal implants for retinitis pigmentosa as
research project results are turned into a com-
mercially available medical device. The chapter
by Antonia Joussen (Cologne) explains medical
aids for macular oedema of different origins ac-
cording to pathogenesis. Jan van Meurs (Rotter-
dam) reports the first experience with translo-
cation of autologous whole grafts of choroids
and retinal pigment epithelium under the mac-
ula, and Johann Roider (Kiel) questions the ra-
tionale of transpupillary thermotherapy in age-
related macular degeneration.

Other chapters in the volume are by Silvia
Bopp (Bremen), who discusses the latest sur-
gical techniques for modulating macular
oedema due to epiretinal membranes, and Tom
Williamson (London), who describes the diag-
nostic and therapeutic value of vitrectomy in
uveitis.

We hope that this review of the latest re-
search in the field of vitreoretinal surgery will
be of interest to practicing ophthalmologists
and researchers alike.

BERND KIRCHHOF
Davip WoNG
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Retinal Implants

PETER WALTER

e Retinal implants may restore vision in
retinitis pigmentosa (RP) related blindness

e Retinal implants provide local electrical
stimulation by an electrode array

e Electrode arrays can be placed onto
or underneath the retina

e Animal experiments have shown promising
results

e Clinical trials are in preparation or have just
started

1.1
Introduction

Although considerable progress has been made
in treating vitreoretinal disorders with modern
surgical or pharmacological approaches, there
are still some untreatable conditions which lead
to blindness. One of the major causes of un-
treatable blindness is the manifestation of pro-
gressive retinal degeneration as in retinitis pig-
mentosa (RP) and RP-like dystrophies. It is
estimated that worldwide 1.5 million individuals
are affected by RP. It is further estimated that in
Germany 15,000 subjects are legally blind as a
result of RP [30].

A number of treatments have been tried, in-
cluding immunostimulation [48], vitamin sup-
plementation [6], oxygen therapy [41], scleral
resection, and combinations of these techniques
and others [5, 34]. All these approaches have
failed to show a benefit for patients in terms of
improvement of visual acuity or visual field. Be-

cause RP is caused by mutations in genes coding
for key enzymes in the primary visual process-
es, gene therapy has been suggested as a thera-
peutic option. It has been shown that it is possi-
ble to transfer copies of these genes or growth
factor encoding genes into retinal photorecep-
tors using different viral vectors [1, 3, 21, 31, 42].
These approaches have shown promising re-
sults but are also possibly associated with severe
systemic complications [29]. Retinitis pigmen-
tosa is caused by a variety of mutations so that
the substitution of a single gene may not be ef-
fective in a large number of cases. Moreover,
gene therapy may be useful in preventing the
disease from progressing but may be less useful
in very advanced cases of atrophy of the outer
retinal layers.

In the late 1960s it was suggested that visual
perception in blind subjects could be induced
by electric stimulation of different levels of
the visual system beyond the photoreceptors.
Brindley and his group implanted early cortical
stimulators with which he obtained visual sen-
sations in subjects blind from RP [7, 8]. The vi-
sual cortex is the primary target in Dobelle’s
system, which is based on a small camera and an
ultrasound detector. Information from both
sensor systems is used in a visual processor, and
stimulation pulses are provided to an electrode
array positioned on the dura at the occipital
cortex. A few patients were implanted with this
system, and according to information from the
company visual perception was achieved, allow-
ing a blind subject to walk in unknown terrain
[15,16].

Considerable improvements in cortical pros-
theses have now been achieved by fabrication of
new electrode arrays [33, 47]. Although the cor-
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Photoreceptors
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Fig. 1.1. Flow chart of the sensory input to the visu-
al system and currently discussed targets for electri-
cal stimulation as visual prostheses. From top to bot-
tom subretinal retinal implant, epiretinal retinal
implant, optic nerve cuff electrode, LGB stimulator,
cortical prosthesis

tical prosthesis approach has been followed for
some years, a retinal stimulator may be more
useful with respect to topography (Fig.1.1). Be-
cause many interneurons are involved in the
processing of information between retinal pho-
toreceptors and the visual cortex, a stimulation
paradigm for realistic visual perception must be
much more complex when the target for stimu-
lation is central in the cortex when compared to
peripheral stimulation in the retina. Cuff elec-
trodes have been used for the stimulation of
peripheral nerves [12]. A variation of such
an electrode has also been considered for use as
a stimulating electrode for the optic nerve. Ex-
periments have already been performed in
blind subjects. In these experiments localized
phosphenes were elicited [14, 44]. Because the
optic nerve fibers are very densely packed, a

topographic correlation between the stimula-
tion electrodes and visual perception was diffi-
cult to obtain. Several research groups have
therefore decided to work on retinal stimula-
tion.

Because in RP the degenerative process
starts in the photoreceptors, the ideal approach
would be to simply replace the abnormal pho-
toreceptors by technical elements such as very
small photodiodes, which can transform light
energy into electrical power which can then be
used to stimulate naturally the postsynaptic
bipolar and horizontal cells in the retina. This
idea was followed by Alan Chow and co-workers
in the USA [9, 35] and by Eberhart Zrenner and
his group in Germany [50]. The approach was
published as the subretinal approach to a retinal
prosthesis. Another concept for retinal implants
comprises the fixation of a microelectrode array
onto the retinal surface. In this epiretinal ap-
proach energy for the implant is provided by
inductive or optoelectronic pathways. This
method was described by Eugene deJuan and
co-workers at Wilmers Eye Institute in Balti-
more, by Joe Rizzo and his group at the MIT in
Boston, and by Rolf Eckmiller and the German
EPI-RET consortium, and was published as the
epiretinal approach towards a retinal prosthesis
[17,26,36].

1.2
Approaches for Retinal Implants

Electrical stimulation of the retina has been
widely used in animal experiments to study the
physiology of the retina with single electrodes
[22, 24, 43]. Wolf and Dawson published experi-
ments on therapeutic approaches using direct or
indirect electrical retinal stimulation [13, 49]. Al-
though these results were published 30 years ago,
a device for application in blind humans was not
fabricated. To obtain visual perception an array
of very small microelectrodes has to be fabricat-
ed supplying stimulation pulses at various loca-
tions simultaneously and independently depend-
ing on the picture required. Therefore flexible
and very thin microelectrode arrays for stimula-
tion have been discussed which should be placed
onto or underneath the retina (Fig.1.2).
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Fig.1.2. Principal approaches for

a retinal prosthesis. Left normal flow
of light through the retina; centre
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subretinal approach: light activates
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1.3
The Subretinal Approach

The idea of A. Chow and E. Zrenner was to use
devices which could transform light energy into
electrical energy and to insert a large number of
these elements underneath the retina in the
subretinal space. The basic concept of the sub-
retinal approach was to replace the degenerated
photoreceptors with technical elements with a
similar function, i.e. the transformation of light
to electrical energy. The charming advantage of
this approach is that the topography of the in-
coming signal is more or less the original one.
The postsynaptic cells in the retina, bipolar cells
and horizontal cells are supplied with a local
electrical input from the respective technical el-
ements. No signal processing system is needed
for this approach. The US and German groups
working on the subretinal approach fabricated
microphotodiode arrays as small discs or flexi-
ble foils which were inserted in the subretinal
space. Animal experiments showed that the im-
plantation of subretinal devices is possible and
safe either through a transvitreal approach (ab
interno) after vitrectomy and retinotomy or
through a transchoroidal route (ab externo).
The materials which were used for subretinal
implants were clinically well tolerated; however,
the material itself showed signs of oxidative or
enzymatic damage of the metal layers. There-
fore an adequate coating of subretinal devices is
indispensable [40, 11, 28]. Chow had already im-

h'li%ﬁ i ﬁ{ﬁ;ﬁlﬂ"

Tdnhaoi
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planted his device in seven humans suffering
from end-stage RP. He described that the sur-
gery was well tolerated by all patients and that
no complication occurred. The patients report-
ed visual perceptions. At present, it is still not
clear whether this effect is a response to specif-
ic action of the device or if this effect is an un-
specific response to the surgery itself. It could be
speculated that vitrectomy and the opening of
the subretinal space for insertion of the implant
may lead to a release of neurotrophic factors,
which could explain the results [10]. Another
question arises from calculations demonstrat-
ing that the energy released by currently avail-
able microphotodiodes is not enough to gener-
ate electric power in a range sufficient to
stimulate retinal neurons. Therefore, German
researchers working on the subretinal prosthe-
sis are developing a secondary system for am-
plification of the incoming signal to provide
enough energy for neuronal stimulation. Fig-
ure 1.3 shows a prototype of an active subretinal
implant.

Summary for the Clinician

e In the subretinal approach the retinal
stimulator is placed underneath the retina

e The stimulator consists of thousands of
miniaturized photodiodes which transform
light into electric power

e Postsynaptic cells in the retina are the
target for stimulation

e Image processing equipment or a camera
is not necessary
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Electronic components IR-Receiver

1.4
The Epiretinal Approach

Electrical stimulation of the inner surface of
the retina has been followed as a possible ap-
proach to retinal prostheses. The target cells for
epiretinal electrical stimulation are the gan-
glion cells. Due to the natural processing of the
visual input in the healthy retina by interneu-
rons, ganglion cells do not efficiently respond
to pulses directly derived from the visual input.
Therefore the visual input in this approach has
to be processed outside the retina in a neural
network simulating functional properties of re-
ceptive fields with respect to contrast, colour,
orientation, velocity, and other parameters. As
a result of this signal, processing ganglion cells
can be efficiently stimulated by series of short
current pulses. In contrast to the subretinal ap-
proach, in the epiretinal approach the scene
needs to be captured by a small camera and
processed before the ganglion cells can be stim-
ulated.

Cameras can be fabricated as CMOS systems
characterized by low energy consumption,
small size and efficient on-chip signal process-
ing [27]. This camera module has to be integrat-
ed into the frame of normal spectacles. The out-
put from the camera is further processed by the
retina encoder simulating properties of the tar-
get cells. Because prior to implantation it is not
known which electrode is in good contact with
which ganglion cell, the signal processing
should be adjustable depending on the visual
sensations of the patient. The retina encoder
calculates the pulse sequence and the parame-
ters of each stimulation pulse at each electrode
depending on the camera input. The number of

Fig. 1.3. Prototype of
an active subretinal
implant with a receiver
for IR energy (centre),
electronic components
(left) and the subretinal
stimulator (right)

Stimulation chip

pulses, amplitude and duration of each phase of
each pulse have to be determined and then
transmitted to the implant [17-19]. Not only the
signal is transmitted to the implant but also the
necessary energy to drive the electric circuits of
the device. Currently an electromagnetic induc-
tive coupling with a primary and a secondary
coil is being fabricated. However, an optoelec-
tronic solution which may provide higher data
rates is also under construction. Figurei.4
shows the general concept of an epiretinal pros-
thesis.

Summary for the Clinician

e In the epiretinal approach the retinal
stimulator is placed onto the retinal
surface

e Ganglion cells are the target of epiretinal
stimulation

e The image needs to be captured by an
extraocular camera

o The camera signal is further processed by
a retinal encoder simulating normal retinal
signal processing based on receptive field
properties

e The information on the pattern of electrode
activity is transmitted via radiofrequency
into the eye

e Energy to drive the implant is transmitted
via radiofrequency into the eye
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PS & RE

Fig.1.4. Left General concept of an epiretinal pros-
thesis. The camera C captures visual data, the retina
encoder RE processes the data according to the func-
tional properties of receptive fields of the assumed
target ganglion cells (PS power supply). The
transponder system T transmits data and energy us-
ing inductive coupling into the implant consisting of

1.5
Experimental Studies

Early studies showed that in the cat cortical acti-
vation can be recorded as a result of stimulating
indwelling electrodes [13]. Although in this study
it was shown that cortical activation was achie-
ved over a considerable follow-up of 6 months,
this effort did not end up with a retinal prosthe-
sis available for use in humans. In research ini-
tiatives in the USA and Germany, experimental
data have been collected which show that retinal
implants can restore visual perception in blind
humans suffering from RP. The first studies con-
centrated on the biocompatibility of implanted
materials and on surgical feasibility.

1.5.1
Biocompatibility of Implanted Materials

In a series of in vitro experiments, neural cells
and connective tissue cells as well as retinal cell
cultures were exposed to material specimens of
implant and encapsulation components. The
cells were also exposed to basic substances for
electronic components such as silicon and gold
[23]. It could be shown that some silicones were
toxic to these cells whereas others were not.
Polydimethylsiloxane (PDMS), which is also
known as a standard material for the fabrication
of intraocular lenses, proved to be non-toxic in

the receiver R unit and the stimulator S, which is fix-
ated onto the retinal surface. Right prototype of an
epiretinal prosthesis (EPI-RET research group) with
the receiver embedded into a silicone disc (left part),
a polyimide-based microcable, and the microcontact
array with 25 active electrodes independently driven
by a stimulation microchip just left of the array

these studies. Electrically inactive components
of the devices were implanted into the eye of
pigmented rabbits (Fig.1.5). It was shown that
the components were well tolerated even
6 months after implantation [2].

1.5.2
Surgical Feasibility

In rabbits and pigs it was demonstrated that
subretinal implants can be inserted either after
vitrectomy through a retinotomy in the subreti-
nal space or by an external approach through an
incision through the choroid (Fig.1.6). Com-
plications such as retinal detachments or
choroidal bleeding were rarely reported. The
retina overlying the implant could be preserved
if the implant was very thin and perforated.
With the subretinal position of the implant a
specific fixation procedure was not necessary.
The implant showed a stable position over a
period of more than 1year [40].

Chow’s group did not report any complica-
tions occurring during or after the implantation
of their subretinal device in patients.

The implantation of epiretinal devices is
more complex because a fixation procedure has
to be followed as well as a procedure for implan-
tation of the receiver part of the implant. Walter
and co-workers as well as Majji and deJuan’s
group independently applied tack fixation to
stabilize the microelectrode array onto the reti-
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Fig.1.5. Left Electrical passive silicon structure en-
capsulated in PDMS 6 months after implantation in
the capsular bag of a rabbit. Right Same rabbit,

Fig. 1.6. Subretinal implant 12 months after transvit-
real implantation in the subretinal space of a pig

nal surface. They found that with the use of reti-
nal tacks (Fig.1.7) a stable position of the im-
plant could be achieved in over 6 months and
that the complication rate was low [32, 46]. The
complete removal of the vitreous in the rabbit is
much more complex than in man. The adher-
ence of the vitreous to the retina is stronger and
therefore in our series we performed a two-step
approach. In the first step a core vitrectomy
with endolaser of the prospective fixation area
was performed. Two weeks later in a second vit-
rectomy vitreous remnants were removed and
the implant was inserted and tack fixated.
Alternatives to this approach use enzyme as-
sisted vitrectomy. Plasmin or tPA was used in

——RA

|ENJ 150 ZEIO
msec
6 months after implantation. Electroretinogram: red
left eye (control); black right eye (study eye after im-
plantation)

these procedures to separate the posterior vitre-
ous from the retinal surface. It is mandatory in
the epiretinal approach that the stimulating
electrodes are placed as close as possible to the
ganglion cell layer. Tissue or any material in be-
tween the stimulator and the target cells will re-
duce the effectivity of stimulation. Under such
circumstances the resistance will increase and
therefore much more energy is necessary for an
effective stimulation. In terms of long-term bio-
compatibility the currents for stimulation
should be as small as possible. Currently it is
unknown if in chronic experiments tissue will
grow in between the stimulator and the retinal
surface. It could be expected that if the primary
contact between the retina and the stimulator is
very good, the ingrowth of fibrous tissue will be
limited. Further experiments are necessary to
demonstrate the behaviour of the interface be-
tween the implant and the retinal surface.

In a number of experiments it was demon-
strated that tack fixated stimulators could also
be explanted [4]. Explantation of microelec-
trode arrays could be less traumatic when bio-
logical fixation procedures are available. The ex-
plantation of tack fixated microelectrode arrays
is comparable to trauma surgery and is charac-
terized by the use of perfluorcarbon liquids, en-
dolaser and silicone oil. Improvements in the
design of retinal tacks are therefore desirable.

In 2003 the German EPI-RET consortium
fabricated the first functional wireless epiretinal
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Fig.1.7. Left Fundus photograph of a tack fixated
microelectrode array onto the retinal surface of a rab-
bit 6 months after implantation; centre angiogram
6 months after implantation showing no neovascular
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Fig.1.8. Left Electrically evoked cortical potentials
in the rabbit after pulse train stimulation of the inner
retinal surface with repetitive short biphasic current

prosthesis with 25 electrodes and a transponder
system for data and energy. After developing
procedures for the implantation of such complex
prostheses in rabbits the system was implanted
in cats and pigs to study cortical activation. The
lens was removed with a standard phacoemulsi-
fication procedure. The vitreous was removed
with vitrectomy, and the eye was filled with per-
fluordecalin. The posterior capsula was opened
and the implant inserted through a corneal inci-
sion. The receiver was placed in the capsular bag,
the stimulator was positioned on the decalin
surface after pushing it through the posterior
opening of the capsula and with removal of de-
calin it was placed on the retinal surface. Then
with the use of a retinal tack it was fixed onto the
retinal surface in or close to the area centralis.

elements only a slight deviation of a vessel towards
the tack; right histology after tack fixation of an
epiretinal contact array on the retinal surface. Grind-
ing technique

light-avoked patentials in pig

light stimulation

eloctrically evoked potentials in pig

50uA

25uA

electrical

l 400 psec ! i
stimulation

stim.: 10 bipha st pulkes

pulses; right light evoked (top) and electrically evoked
cortical potentials in the pig after subretinal electrical
stimulation

1.5.3
Studies on Cortical Activation

Functional studies on cortical activation have
been performed in rabbits, cats, pigs, but also in
humans (Fig. 1.8). In early approaches acute ex-
periments were performed in rabbits in which
the cortical activation was demonstrated by
recordings of evoked potentials (EPs) as a result
of retinal stimulation achieved by electrode ar-
rays directly connected to a stimulator device.
Thresholds for the detection of EPs after epireti-
nal stimulation were found at 30 pA with re-
peated biphasic pulse trains of ten pulses (1 ms
for each pulse) [45]. For subretinal stimulation,
Zrenner and his group and Chow and co-work-
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Fig.1.9. Left Optic tract field potentials of the cat af-
ter local electrical stimulation of the inner surface of
the retina; right corresponding optical imaging data

ers found evoked potentials similar to EPs
evoked by light [9, 40].

In the cat cortical activation experiments
were performed by Eckhorn and co-workers
and by Eysel and his group. Eckhorn analysed
field potentials recorded with multiple elec-
trodes directly from the visual cortex whereas
Eysel detected cortical activation by optical im-
aging indicating local oxygen consumption
(Fig.1.9).

With both experimental setups it could be
demonstrated that either with subretinal elec-
trodes or with epiretinal electrodes a specific lo-
cal activation of the visual cortex could be
achieved. It could be shown that moving the
retinal stimulation electrodes resulted in an ac-
tivation of a different cortical area. These exper-
iments helped to estimate the range of potential
visual acuity which could be achieved by the
different approaches. From the data obtained
with these experiments a potential visual acuity
of about 20/200 was estimated [20, 38, 39].

Summary for the Clinician

e Biocompatibility studies showed
no serious adverse reactions

e Surgical procedures for subretinal
and epiretinal implantations have been
developed

representing intrinsic evoked activity of the primary
visual cortex where dark areas represent an increase
in metabolic activity

¢ The implantations were performed success-
fully in rabbits, cats, and pigs

o Cortical activation has been demonstrated
after epiretinal and after subretinal
stimulation in rabbits, cats, and pigs using
evoked potential techniques, optical imag-
ing of intrinsic metabolic signals of the
visual cortex, and recordings of local
cortical field potentials

o First prototypes were implanted in humans
suffering from RP. The implants were well
tolerated and localized visual percepts were
elicited

1.6
Clinical Studies

In the USA acute experiments in humans were
performed to demonstrate whether blind sub-
jects may have visual perception after electrical
stimulation. In these experiments performed by
Humayun and by Rizzo it was shown that visual
percepts can be elicited with direct stimulation
of the retinal surface. Rizzo reported on percep-
tion with charge densities below 1mC/cm?
[37] and in the Humayun series thresholds
for charge densities were between 0.16 and
56 mC/cm? [26]. Several factors were identified
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influencing the efficacy of stimulation. The
most important factors were electrode size and
the timing of the stimulation pulses.

Currently studies are performed with chron-
ic epiretinal implants using the cochlea implant
approach for signal and energy transfer. In that
approach an electrode array is positioned onto
the retinal surface using retinal tacks. This array
is connected to a cable entering the eye through
the sclera with a receiver for signal and energy
positioned subcutaneously [25]. The authors re-
ported that in both subjects who were implant-
ed visual perception could be obtained, that sur-
gery was performed without any complications
and that the implant was well tolerated. Experi-
ments with subretinal implants were performed
by Chow and his group. They found in patients
with retinitis pigmentosa that subretinal im-
plants survived for more than 2 years and that
patients reported an increase in vision [10].

1.7
Outlook and Perspectives

The last 10 years of visual prosthesis research
has demonstrated that the interdisciplinary ap-
proach of combining engineering and medical
know-how has an important contribution to
make in a field where no treatment is available
for blind patients. Several research groups have
developed prototypes for retinal implants
which in the future will be evaluated in terms of
safety and efficacy. With the first generation of
these implants it can be expected that visual
perception will be elicited in blind subjects. The
quality of vision or visual acuity or visual field
properties will depend on a number of factors
of the individual patient and not only of the
technical implant. However, even if the first im-
plants will restore only minor visual functions
such as light detection or identification of large
objects, further improvements in technology
will make a visual acuity of 20/200 realistic. A
large number of open questions remain, the
most important being the long-term stability
and function of such a device, the biological be-
haviour of the interface between the electrodes
and the target tissue, and the target tissue itself.
At present it is not known how in the retina such

a coupling between a technical device and the
retina itself will function over many years.
These questions can only be answered in human
clinical trials in the future.

1.8
Summary

Retinal implants have been designed and fabri-
cated to restore vision in blind RP patients.
These implants work by activating neural reti-
nal cells not affected by the degenerative
process with an electrode array placed onto
(epiretinal approach) or underneath (subretinal
approach) the retina. Surgical procedures have
been developed for both types of visual prosthe-
sis. Animal experiments have shown that local
activation of the visual cortex can be achieved
with stimulation currents and charge transfers
which are in a biocompatible range. Initial clin-
ical trials in blind human subjects have shown
that visual percepts can be achieved. It is hoped
that with this technical approach ambulatory
vision can be restored in otherwise not treatable
degenerative diseases of the retina.
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Therapeutic Approaches to Macular Oedema

ANTONIA M. JOUSSEN, BERND KIRCHHOF

Core Messages

¢ Breakdown of the blood-retinal barrier
occurs as a consequence of a variety of
conditions such as metabolic alterations,
ischaemia, hydrostatic and mechanical
forces, or inflammation

Laser treatment of macular oedema is
controversial for diffuse oedema and is not
indicated in ischaemic forms

Surgical internal limiting membrane (ILM)
peeling is thought to lower the tractional
forces and enhance the diffusion of sub-
stances from the retina into the vitreous
cavity

Intravitreal triamcinolone is used success-
fully to reduce macular oedema despite
ongoing discussions about formulation and
dosage. However, controlled prospective
clinical trials are required to investigate its
efficacy in restoring or maintaining visual
function

The search for a specific pharmacological
treatment is ongoing on the basis of new
findings regarding the involvement of
cytokines and growth factors in the forma-
tion of macular oedema.Vascular endo-
thelial growth factor (VEGF) inhibitors are
currently being investigated in clinical
studies

2.1
Introduction

As laser treatment is not applicable to all forms
of macular oedema and frequently remains un-
satisfactory, there is a significant demand for
more efficient options to reduce macular oede-
ma, either pharmacologically and/or surgically.
This chapter reviews current knowledge on the
pathogenesis of macula oedema, and discusses
the rationale and efficacy of surgical approach-
es to macular oedema.

2.2
Macular Oedema as a Result
of Various Disease Mechanisms

2.2.1
Causes of Macular Oedema

Macular oedema is a common phenomenon in
various diseases where fluid accumulates in be-
tween the retinal cells. Both the focal and diffuse
as well as the cystic form are characterized by
extracellular accumulation of fluid, specifically
in Henle’s layer and the inner nuclear layer of
the retina. The compartmentalization of the ac-
cumulated fluid is likely to be due in part to the
relative barrier properties of the inner and out-
er plexiform layers. The fluid originates from
the intravascular compartment.

The classic pattern of cystoid macular oede-
ma with a petalloid appearance originating from
the fluorescein leakage from perifoveal capillar-
ies may be seen in cases of advanced oedema of
various origins. This includes postsurgical cys-
toid macular oedema as well as cystoid oedema
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Table 2.1. Causes of macular oedema in relation to the underlying disorders

Abnormal glucose metabolism
Aldose reductase

CME: leakage at the level of RPE
Miiller cell disease: leakage from

Metabolic Diabetes .
alterations °
Retinitis pigmentosa °
Inherited CME (aut. dom.) °
Ischaemia e Vein occulsion

o Diabetic retinopathy

perifoveolar capillaries

e Inner blood-retinal barrier
(retinal capillary hypoperfusion)

e Severe hypertensive retinopathy e Outer blood-retinal barrier

e HELLP syndrome
o Vasculitis, collagenosis

Hydrostatic forces
e Venous occulsion
e Arterial hypertension
e Low IOP

Mechanical forces

Retinal vascular occlusions

(ischaemic hypoperfusion of the
choroid: serous detachment)

e Increased intravascular pressure
e Failure of the BRB

Vitreous traction on the macula o Epiretinal membranes with tangential

traction
e Vitreomacular traction syndrome

e Mediated by prostaglandins
e CME is indication for treatment

e Perivascular leucocytic infiltrates

e Diabetic leucostasis mediates vascular
leakage by endothelial cell apoptosis

Choroidal inflammatory diseases ¢ Vogt-Koyanagi-Harada syndrome

Inflammation Intermediate uveitis
Postoperative CME
Diabetic macular oedema

Pharmacotoxic e.g.

effects e Adrenaline (in aphakia)

e Betaxolol
e Latanoprost

e Birdshot retinochoroidopathy
e Mostly via prostaglandins

associated with one of the following conditions:
diabetes, vascular occlusion, hypertensive retino-
pathy, epiretinal membranes, intraocular tu-
mours (e.g. melanoma, choroidal haemangioma),
intraocular inflammation (e.g. pars planitis),
macroaneurysm, retinitis pigmentosa, choroidal
neovascularization and radiation retinopathy.

Given the heterogeneous aetiology of macu-
lar oedema, its effective treatment depends
upon a better understanding of its pathogene-
sis. In general, formation of macular oedema is
related to metabolic changes, ischaemia, hydro-
static forces, and inflammatory and toxic mech-
anisms that influence the formation of macular
oedema to various degrees in the different con-
ditions (Table 2.1).

Metabolic alterations have a causal role in
diabetic maculopathy, but also in inherited dis-
eases such as the autosomal dominant form of
macular oedema or macula oedema in retinitis
pigmentosa. Furthermore, ischaemia of the in-
ner or outer blood-retinal barrier leads to mac-
ular oedema. Decreased perfusion of the retinal
capillaries is seen, e.g. in vein occlusion and
diabetic retinopathy, whereas ischaemia plus
decreased perfusion of the choroid with associ-
ated serous retinal detachment occurs in severe
hypertensive retinopathy, in eclampsia or in
rheumatoid disorders. Following retinal vascu-
lar occlusion the intravascular pressure increas-
es and leads to dysfunction of the blood-retinal
barrier. Similarly, hydrostatic forces are effec-
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tive in arterial hypertension or in eyes with low
intraocular pressure and may cause fluid accu-
mulation in the macula. Mechanical traction
such as in epiretinal membranes or in vitreo-
macular traction syndrome promotes macular
oedema by physical forces.

The importance of inflammation for macu-
lar oedema is discussed in more detail below.
Inflammation apparently plays a role in inter-
mediate uveitis, postoperative cystoid macular
oedema (Irvine-Gass syndrome), diabetic mac-
ular oedema and various forms of choroidal
inflammatory diseases including Vogt-Koyana-
gi-Harada syndrome and birdshot retinochoro-
idopathy. All prostaglandin-like pharmacologi-
cal agents, even if applied topically, can induce
macular oedema via a cytokine response simi-
lar to inflammatory conditions.

The current therapy for macular oedema
targets conditions where mechanical traction,
hydrostatic force or inflammation play a patho-
genetic role in the formation of macular oedema.
Unfortunately, even the currently available surgi-
cal and pharmacological treatments have subop-
timal results in many cases. Therefore, there is an
obvious need for the development of a more ef-
fective and targeted treatment that can be satis-
fied only by a better understanding of the patho-
physiology of macular oedema formation, which
differs according to the underlying disease.

~

Dysfunction of
Tight Junctions

Endothelial
Cell Death

transcellular
Transport

Fig.2.1. Three mechanisms of vascular leakage

Dysfunction of the intercellular junctions
Increased transcellular transport
Increased endothelial cell destruction

The initial site of damage that results in the in-
creased vascular permeability has so far been
controversial. Impairment of the perivascular
supporting cells such as pericytes and glial cells
might play a role, however, the endothelial cell
dysfunction and injury seem more likely to be
the first pathogenetic step towards the break-
down of the blood-retinal barrier early in the
course of the disease. In order to dissect the mo-
lecular and pathophysiologic mechanisms that
lead to the accumulation of fluid in the macular
area, we have chosen diabetic macular oedema
as a model.

2.2.2.1

2.2.2
Molecular and Cellular Alterations Leading
to Macular Oedema

The breakdown of the blood-retinal barrier
seems to be the most important mechanism in
explaining the extravasation of fluid although
similary changes to the retinal blood flow may
play a role [5]. The blood-retinal barrier consists
of the retinal pigment epithelium layer (outer
blood-retinal barrier) and the vascular endothe-
lium (inner blood-retinal barrier) that prohibit
the passage of macromolecules and circulating
cells from the vascular compartment to the ex-
tracellular and therefore intraretinal space.

In general, an increase in passive permeabil-
ity through the endothelium can occur via three
general mechanisms (Fig. 2.1):

Cell-to-Cell Junctions
and Vascular Permeability

Fluid homeostasis and endothelial permeability
are mostly regulated by intercellular junctions
in the non-diseased retina. Intercellular junc-
tions are complex structures formed by the as-
sembly of a transmembranous and cytoplas-
mic/cytoskeletal protein component. At least
four different types of endothelial junction have
been described: tight junctions, gap junctions,
adherence junctions and syndesmosis. Tight
junctions are the most apical component of the
intercellular cleft (Fig. 2.2).

Although the molecular structure of tight
junctions generally appears to be similar in all
barrier systems, there are some differences be-
tween epithelial and endothelial tight junctions,
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Fig.2.2. Tight junctions in endothelial cells
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and between tight junctions of peripheral and
retinal endothelial cells [118]. In contrast to tight
junctions in epithelial systems, structural and
functional characteristics of tight junctions in
endothelial cells respond promptly to ambient
factors. It is likely that inflammatory agents in-
crease permeability by binding to specific re-
ceptors that transduce intercellular signals,
which in turn cause cytoskeletal reorganization
widening of the interendothelial clefts. En-
dothelial junctions also regulate leucocyte ex-
travasation. Once leukocytes have adhered to
the endothelium, a coordinated opening of in-
terendothelial cell junctions occurs.

2.2.2.2
Cellular Interaction
and Vascular Permeability

Leukocytic infiltration of the retinal tissue char-
acterizes many inflammatory diseases such as
diabetes, pars planitis, and choroidal inflamma-
tory diseases. In diabetes, activated leukocytes
adhere to the retinal vascular endothelium [94,
117]. Increased leukostasis is one of the first his-
tologic changes in diabetic retinopathy and oc-
curs prior to any apparent clinical pathology.
Adherent leukocytes play a crucial role in di-
abetic retinopathy by directly inducing en-
dothelial cell death in the capillaries [71], caus-
ing vascular obstruction and vascular leakage.
Endothelial cell death precedes the formation of
acellular capillaries [117]. With time, however,
acellular capillaries prevail and become wide-
spread. Although the mechanism of this de-
structive process remains elusive, it is clear that

the interaction between the altered leukocytes
and the endothelial cells and the subsequent en-
dothelial damage represents a crucial pathogen-
ic step [71,76,94].

2.2.23
Growth Factors and Vascular Permeability

The disruption of endothelial integrity leads to
retinal ischaemia and vascular endothelial
growth factor (VEGF)-mediated iris and retinal
neovascularization [74, 94, 96]. VEGF is 50,000
times more potent than histamine in causing
vascular permeability [10, 21,22, 36, 77,120]. Pre-
vious work has shown that retinal VEGF levels
correlate with diabetic blood-retinal barrier
breakdown in rodents [31] and humans [4]. Flt-
1(1-3Ig)F,, a soluble VEGF receptor, reverses
early diabetic blood-retinal barrier breakdown
and diabetic leukostasis in a dose-dependent
manner [72]. Early blood-retinal barrier break-
down localizes, in part, to retinal venules and
capillaries of the superficial inner retinal circu-
lation [109, 71] and can be sufficiently reduced
by VEGF inhibition. Although VEGF is only one
of the cytokines involved in the pathogenesis of
the vascular leakage, it is likely to be one of the
most effective therapeutic targets.

2.2.24
Endothelial Cell Death
and Vascular Permeability

Blood-retinal barrier breakdown is at least in
part due to endothelial cell damage and apopto-
sis. The proapoptotic molecule Fas-ligand (FasL)
induces apoptosis in cells that carry its receptor
Fas (CD 95) [19]. There is evidence that FasL is
expressed on vascular endothelium, where it
functions to inhibit leukocyte extravasation.
The expression of FasL on vascular endothelial
cells might thus prevent detrimental inflamma-
tion by inducing apoptosis in leukocytes as they
attempt to enter the vessel. In fact, during in-
flammation and ensuing tumor necrosis factor
alpha (TNF-a) release, the retinal endothelium
upregulates several adhesion molecules [131]
that mediate the adherence of the leukocytes,
but also downregulate FasL, thus allowing the
leukocyte survival and migration to active sites
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of inflammation and infection. In experimental
diabetic retinopathy, inhibition of Fas-mediated
apoptotic cell death reduces vascular leakage
[75]. The cumulative endothelial cell death dur-
ing the course of diabetes plays a causal role in
the pathogenesis of the diabetic vascular leak-
age and maculopathy.

2.2.25
Extracellular Matrix Alterations
and Vascular Permeability

Degradation of the extracellular matrix affects
endothelial cell function at many levels, causing
endothelial cell lability, which is required for
cellular invasion and proliferation, or influenc-
ing the cellular resistance and therefore the vas-
cular permeability. The degradation and modu-
lation of the extracellular matrix is performed
by matrix metalloproteinases, a family of zinc-
binding, calcium-dependent enzymes [27, 88].
Elevation of MMP-9 and MMP-2 expression has
been shown in diabetic neovascular membranes
[25, 116], although a direct effect of glucose on
MMP-g expression in vascular endothelial cells
could not be shown [53]. It is likely that MMPs
participate at various stages during the course
of the blood-retinal barrier dysfunction and
breakdown. Their actions include early changes
in the endothelial cell resistance with influence
on the intercellular junction formation and
function [35]. Further, they actively participate
in the endothelial and pericyte cell death [9]
that occurs late in the course of the disease.

2.2.2.6
Transcellular Transport
and Vascular Permeability

In addition to all the above, an important factor
that is involved in the regulation of fluid home-
ostasis is the active cellular transport of nutri-
ents and fluid via pinocytosis. Despite the fact
that pinocytic transport is critically involved in
the transepithelial fluid exchange, its role in the
pathogenesis of increased vascular leakage in
diabetes is just emerging [2, 40]. Still, the molec-
ular factors that are involved in the pinocytic
fluid transport, how they are influenced from

disease stages and how they contribute to the
increased vascular permeability are unclear.

It is currently known that one of the factors
involved in the regulation of pinocytic trans-
port is VEGE, which increases vascular perme-
ability not only by disrupting the intercellular
tight junctions between the retinal endothelial
cells but also by inducing the formation of fen-
estrations and vesiculovacuolar organelles. The
role of VEGF in the disruption of the pinocytic
transport that is translated into increased vas-
cular permeability in disease states is still con-
troversial [61]. Whereas in highly permeable
blood vessels the number of pinocytotic vesi-
cles at the endothelial luminal membrane trans-
porting plasma IgG is significantly increased,
no fenestrations or vesicles have been found in
the endothelial cells of the VEGF affected eyes
when examined by electron microscopy.

Knowledge of the basic mechanisms in-
volved in vascular leakage is essential for the de-
velopment of an effective clinical treatment.
With the growing understanding of the patho-
physiology of the macular oedema, the thera-
peutic thinking is likely to change from a mere-
ly symptomatic treatment (either surgical or
medical) to a treatment that targets specifically
the causal factors involved in its formation (e.g.
cytokine or growth factor inhibition).

Summary for the Clinician

e Macular oedema is a common phenomenon
in different diseases resulting from
either metabolic alterations, ischaemia,
hydrostatic and mechanical forces,
inflammation, pharmacotoxic effects,
or a combination of these

¢ Blood-retinal barrier breakdown may occur
to a variable extent via dysfunction of
intercellular junction, increased trans-
cellular transport, or increased endothelial
cell destruction

e Among the growth factors involved,
vascular endothelial growth factor plays
a dominant role as a mediator of vascular
leakage

¢ Inflammatory phenomena are causally
linked to vascular cell death and leakage
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2.3
Treatment of Macular Oedema

In an effort to reduce macular oedema, at least
with some rationale, different approaches have
been used and found effective in certain condi-
tions. Laser coagulation, pharmacological ap-
proaches, and surgical measures are most fre-
quently used.

2.3.1
Laser Treatment

Laser therapy is well established in diabetic
macular oedema as well as macular oedema
secondary to retinal vein occlusion. While in
cases related to vessel obstruction the treatment
aims to prevent the growth factor release from
the ischaemic peripheral areas that could alter
vascular permeability, in diabetic macular
oedema a different approach is followed. The 3-
year risk of massive visual loss from macular
oedema without focal laser treatment is about
30 %, compared to 15% after focal laser treat-
ment [29, 30]. Interestingly, scatter (panretinal)
laser coagulation was not effective, but may
even be deleterious.

Prophylactic treatment of a non-significant
macular oedema is not advantageous over no
treatment. Prophylactic laser coagulation is
therefore not justified [3, 29, 62]. Laser coagula-
tion of diabetic macular oedema should only be
considered when the oedema is clinically signif-
icant (CSME). CSME as defined by ETDRS in-
cludes any one of the following lesions:

e Retinal thickening at or within 500 pm from
the centre of the macula

e Hard exudates at or within 500 pm from the
centre of the macula, or there is thickening of
the adjacent retina

e An area or areas of retinal thickening at least
one disc area in size, at least part of which is
within one disc diameter of the centre of the
macula

Focal laser coagulation reduces hypoxic areas
and directly occludes leaky microaneurysms.
The rationale for grid laser treatment in diffuse

macular oedema is not yet well established. Grid
laser treatment is believed to enhance prolifera-
tion of retinal pigment epithelial and endothe-
lial cells, leading to a repair of the blood-retinal
barrier [130]. Another theory suggests a reduc-
tion of oxygen consumption of the whole tissue
due to the destruction of photoreceptors [14,
133]. Still others believe that laser induced
necrosis stimulates the release of factors which
stabilize the blood-retinal barrier. Moreover, the
grid laser may have its effect by thinning the
retina, bringing retinal vessels closer to the
choroidal vessels, and permitting the retinal
vessels to constrict by autoregulation, thereby
decreasing retinal blood flow and consequently
decreasing oedema formation [136].

Currently there is no confirmed evidence
that grid laser treatment improves diffuse dia-
betic macular oedema (Table 2.2). Olk and co-
workers demonstrated in a randomized study of
303 eyes that 3years after grid laser treatment
14.5% of the treated eyes improved by 2 lines or
more, 60.9% did not change significantly and
24.6% deteriorated by more than 2 lines. The
results, however, were not compared with a non-
treated control group [100, 101]. Data from oth-
er studies showed similar results. The compara-
bility of the different studies is limited due to
the different criteria of inclusion, exclusion,
monitoring and treatment. Despite the lack of
functional improvement (visual acuity) there is
a reduction of retinal thickness (anatomical
oedema) after grid laser treatment as shown in
several studies [82,101].

Grid laser photocoagulation has also been
described as a method of treatment in pilot
studies on postsurgical cystoid macular oede-
ma. However, confirmation through random-
ized controlled studies is still lacking [57,106].

In the macular oedema caused by retinal
vein occlusion, treatment with a grid laser is
generally considered beneficial when the per-
fused macular oedema causes visual impair-
ment to the level of 20/40 or worse or shows no
signs of spontaneous improvement [12].

Both in diabetic macular oedema and in
macular oedema secondary to branch vein oc-
clusion, central laser surgery is not recom-
mended in eyes with ischaemic maculopathy
([29], Table 2.3).
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Table 2.3. Grading of the foval avascular zone (in
fluorescein angiograms). [Early Treatment Diabetic
Retinopathy Study Research Group (1991) Classifica-
tion of Diabetic Retinopathy from Fluorescein An-
giography. ETDRS Report No. 19; Ophthalmology
98:807-822]

Grade 0 <300 pm

Grade 1 =300 pm

Grade 2 >300 pm and <500 pm
Grade 3 >or =500 pm

Grade 4 Cannot grade

For other causes of macular oedema, espe-
cially inflammation- or mechanical traction-
related, laser treatment is not recommended.
Grid laser treatment of postsurgical macular
oedema has not been investigated in the setting
of a controlled clinical trial, and so there is no
information available regarding its efficacy or
safety.

Although definite clinical data are lacking,
the use of grid macular laser treatment in the
elderly population has additional drawbacks as
it may induce or accelerate RPE atrophy in the
macular region.

In non-ischaemic vascular occlusions, “re-
routing” from the retinal to the choroidal vascu-
lature has been postulated [34, 37, 89] through
laser photocoagulation. However, since the first
report in 1995, re-routing strategies have not
been confirmed.

2.3.2
Medical Treatment

Medical treatment of macular oedema is best
established in postsurgical and predominantly
inflammatory oedema, e.g. in uveitis. The ma-
jority of therapeutic strategies inhibit the re-
lease of inflammatory mediators and therefore
target the pathogenetic factors responsible for
the altered vascular permeability. The remain-
ing treatments are symptomatic and include
carbonic anhydrase inhibitors and methods
that increase blood flow and oxygenation (e.g.
hyperbaric oxygenation, diuresis and dialysis
[15,79, 80, 85, 93,107,125, 128]).

The medical treatment consists of therapeu-
tic agents that are collectively categorized into
three groups: corticosteroids, cyclooxygenase
inhibitors and carboanhydrase inhibitors. Ap-
plication modalities based on the current clini-
cal treatment are listed in Table 2.4.

Table 2.4. Therapeutic agents in the medical treatment of macular oedema

Corticosteroids Topical Prednisolone actetate 1%
Prednisolone sodium acetate 1%
Dexamethasone 0.1%
Peribulbar Triamcinolone
Methylprednisolone (Depo-Medrol)
Oral Prednisolone
Intravitreal Triamcinolone
Cyclooxygenase Topical Diclofenac sodium 0.1% (Voltaren)
inhibitors
Flubiprofen sodium 0.03 % (Ocufen)
Ketorolac tromethamine 0.5% (Acular)
Carbonic Oral Acetazolamide (Diamox)
anhydrase

inhibitors

Four times daily

20 mg (0.5ml) every
3-6 weeks

20 mg every 3-6 weeks
1-1/5mg/kg daily

4 (up to 25) mg

(can be repeated)
Four times daily

Four times daily
Four times daily
500 mg dialy
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2.3.2.1
Carbonic Anydrase Inhibitors

The rationale of carbonic anhydrase inhibitors
as a therapeutic agent in the treatment of mac-
ular oedema is to improve the ability of the reti-
nal pigment epithelial cells (RPE cells) to pump
fluid out of the retina [85]. Currently, there are
no available randomized studies that confirm a
beneficial effect of carbonic anhydrase in-
hibitors in the treatment of macular oedema.
Non-randomized observations demonstrated
improved visual function in patients with post-
surgical macular oedema, e.g. after cataract
surgery or buckling procedures [24, 132]. The
effect lasts only as long as the patient takes
the drug (on-off effect, tachyphylaxis) [132]. The
favourable reports that were described at first
regarding the application of carbonic anhydrase
inhibition in patients with macular oedema
secondary to retinitis pigmentosa are not sup-
ported by long-term observations. With the
continuous use of methazolamide, a rebound
phenomenon is observed [38, 39].

In contrast to the tenacious clinical habit, the
use of carbonic anhydrase inhibition for macu-
lar oedema is not based upon scientific evi-
dence to date.

2.3.2.2
Non-steroidal Anti-inflammatory Drugs
(NSAIDs)

As cyclooxygenase inhibitors (NSAIDs) block
the synthesis and release of prostaglandins,
non-steroidal drugs have been investigated in
the prophylaxis and therapy of postsurgical cys-
toid macular oedema. It has been shown that
topical administration achieves better ocular
penetration than systemic administration [41].

In the prophylaxis of postsurgical cystoid
macular oedema, oral indomethacin and pirox-
icam are of limited value. Although they reduce
the angiographic leakage, they fail to improve
visual acuity compared to untreated groups [90,
91, 92]. Even in the best cases the effect is a
short-term one. A long-term follow-up study
[92] demonstrated that patients treated prophy-
lactically by topical indomethacin had improve-
ment in visual acuity early after surgery; how-

ever, this effect did not last [140]. Similarly, the
use of topical diclofenac [110] and keratolac [43]
has been shown to decrease the incidence of an-
giographic cystoid macular oedema. A random-
ized, double-blind clinical trial demonstrated
that flubiprofen-treated patients enjoyed an
improvement in their visual acuity (20/40 or
better) sooner than vehicle-treated patients.
However, no significant difference between the
groups could be found after day 121 of treatment
[122]. The widespread usage of corticosteroids
in the postoperative period and the possibility
of synergistic effects [41] is a confounding fac-
tor that complicates the interpretation of the
majority of the clinical trials. In clinically signif-
icant macular oedema, neither indomethacin
[139] nor topical fenoprophen treatment [18]
managed to show a statistically significant im-
provement in visual acuity. Two double-blind-
ed, prospective randomized studies suggested
that topical keratolac tromethamine 0.5% is ef-
fective for the treatment of chronic postsurgical
macular oedema with visual impairment [42,
44]. However, the value of this study is limited
by the short-term follow-up and the lack of
comparison with topical corticosteroids. The ef-
fect of local treatment with NSAIDs on inflam-
matory cystoid macular oedema such as in
uveitis has not been evaluated on a large scale
[56,112].

Systemic treatment with NSAIDs has been
considered controversial for a long time. Rojas
et al. [112] showed that systemic treatment with
NSAIDs (orally) has an effect similar to that of
local treatment with steroid periocular injec-
tions, when applied at least for several months.

There is no evidence for an effect of NSAIDs
in macular oedema following vein occlusion.

In conclusion, the optimal dose of NSAIDs is
not known. Oral NSAIDs penetrate poorly into
the eye [1] and topical NSAIDs penetrate to
varying degrees. It is clear that NSAIDS target
the inflammatory mediators that are responsi-
ble for the oedema formation and although they
may not be an optimal stand-alone treatment
they can be used as steroid-sparing agents.

There may be several explanations as to why
NSAIDs cannot improve vision. Chronic oede-
ma, inflammation and ischaemia induce per-
manent structural alterations and damage to
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the fovea. Miiller cell degeneration, ischaemic
damage, and RPE changes may contribute to the
long-term visual loss. These limitations also ap-
ply to other treatment modalities.

2.3.2.3
Corticosteroids

Steroids are currently regaining attention from
the growing use of intravitreal triamcinolone.
Corticosteroids block the release of arachidonic
acid from cell membranes and thus reduce the
synthesis of prostaglandins. Furthermore, they
inhibit the migration of leukocytes and the re-
lease of proinflammatory mediators such as
TNF-a and VEGE Steroids specifically stabilize
endothelial tight junctions and increase their
numbers [8,113]. As discussed previously, this is
especially important in the development of
macular oedema.

Routes of administrations are manifold, in-
cluding topical, periocular, oral, and intra-
venous routes. Subtenon injections of cortico-
steroids are widely used in patients with
asymmetric or unilateral uveitis [141]. The ad-
vantages of the periocular injections are: high
concentrations of corticosteroids in the posteri-
or eye,and reduction of the adverse effects com-
pared to systemic administration. Intraocular
levels of corticosteroids are identical between
subtenon and retrobulbar administration [126].
For oral administration, the initial high dose
(1-1.5 mg/kg) is subsequently decreased accord-
ing to clinical effect [26, 45, 112].

If macular oedema is a complication of
vascular dysfunction, such as in diabetes, vein
occlusion, or RPE dysfunction (retinitis pig-
mentosa), then the anti-oedematous effect of
corticosteroids is uncertain. Recent publica-
tions suggest that the intravitreal application of
triamcinolone seems to be a promising thera-
peutic method for macular oedema that fails to
respond to conventional treatment [65, 86].
Martidis et al. [86] published a prospective,
non-comparative, interventional case series to
determine if intravitreal injection of triamci-
nolone acetonide is safe and effective in treating
diabetic macular oedema unresponsive to prior
laser photocoagulation [87]. Sixteen eyes with
clinically significant diabetic macular oedema

(CSME) that failed to respond to at least two
previous sessions of laser photocoagulation
were included in the study. The response of the
laser treatment was measured by clinical exam-
ination and optical coherence tomography
(OCT) at least 6 months after initial laser thera-
py- Eyes with a residual central macular thick-
ness of more than 300 pm (normal, 200 pm)
and visual loss from baseline were offered in-
travitreal injection of 4 mg triamcinolone ace-
tonide. In this study, the mean improvement in
visual acuity measured 2.4, 2.4, and 1.3 Snellen
lines at the 1-, 3-, and 6-month follow-up inter-
vals, respectively. The central macular thickness
as measured by OCT decreased by 55%, 57.5%,
and 38 %, respectively, over these same intervals
from an initial pretreatment mean of 540.3 pm
(£96.3pm). Intraocular pressure exceeded
21mmHg in five, three, and one eye(s), respec-
tively, during these intervals. One eye exhibited
cataract progression at 6 months. No other com-
plications were noted over a mean follow-up of
6.2months. Re-injection was performed in
three of eight eyes after 6 months because of re-
currence of macular oedema.

Similar pilot studies were performed in pa-
tients with uveitis, central vein occlusion, and
cystoid macular oedema after cataract surgery
[6, 54, 65, 142]. In most published reports, com-
plications do not appear to be prohibitive; how-
ever, all reports demonstrate a limited number
of selected cases.

Further randomized studies are therefore
warranted to assess long-term efficacy and need
for retreatment.

Reviewing the published data on intravitreal
injections of triamcinolone acetonide, the ther-
apeutic window seems very wide. The dose
range of intravitreally injected triamcinolone
acetonide varies from 2 mg [6] to 4 mg [87, 142]
and even 25 mg in a single report [66]. Interest-
ingly, reaccumulation of fluid in cystoid spaces
occurs between 6 weeks and 3 months after in-
jection, and this does not seem to be dose de-
pendent. Repeated injections at intervals rang-
ing from 1oweeks [67-70] to more than
6 months [6] show a variable treatment re-
sponse.

There are currently no data on the pharma-
cokinetic profile of intravitreal triamcinolone,
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which might be altered from a previous vitrec-
tomy. Physiological intravitreal cortisol levels
are reported to be 5.1ng/ml, and vitreous levels
after peribulbar injections are in the range of
13mg/ml. The effective dose of the triamci-
nolone acetonide is further influenced by the
mandatory washes of the widely used stabiliz-
ing agent benzylethanol during the preparation
of the injection, so that even if standardized
they alter the remaining amounts of the drug in
the solution. Additionally, an inhibitory effect of
the stabilizing agent on the drug cannot be ex-
cluded.

Jaffe and co-workers [63, 64] constructed a
fluocinolone acetonide drug delivery device
that releases fluocinolone acetonide in a linear
manner over an extended period. A clinical
phase III study by Bausch & Lomb investigated
the efficacy of o.5mg (slow release) fluoci-
nolone acetonide in 80 patients with diffuse di-
abetic macular oedema. Patients receiving the
implant showed a statistically significant re-
gression of retinal thickness after 6 months in
comparison to the control group. Furthermore,
80% of the eyes in the treatment group demon-
strated a stable or improved visual acuity com-
pared to only 50% of the eyes in the control
group.

Complications of intravitreal triamcinolone
acetonide delivery systems comprise retinal de-
tachment, vitreous haemorrhage, increased in-
traocular pressure, cataract formation, and
pseudohypopyon. Elevation of the intraocular
pressure after triamcinolone acetonide of more
than s mmHg has been reported in up to 30 % of
eyes [137]. It is therefore prudent that patients
are asked about a history of a previous steroid
response. The incidence of culture-positive en-
dophthalmitis following intravitreal triamci-
nolone amounts to 0.87% in a large, multicen-
tre, retrospective case series [97]. It occurs
rapidly (median 7.5days) and can result in se-
vere loss of vision and the eye. The risk of en-
dophthalmitis is considerably higher compared
to other intravitreally injected drugs. Engstrom
and Holland reported the rate of endophthalmi-
tis following intravitreal ganciclovir injection
as 0.29% (4 cases in 1,372 injections) [32]. The
greater risk of endophthalmitis following in-
travitreal triamcinolone injection may be part-

Table 2.5. Recommendations when performing in-
travitreal triamcinolone acetonide injections (modi-
fied after Moshfegi et al. 2003 [97])

o Strict adherence to a sterile technique with the
use of a lid speculum

o If the patient is immunocompromised,
consideration should be given to delaying
the procedure

¢ Any external ocular inflammation/infection
should be controlled prior to administering
intravitreal triamcinolone acetonide injections

e Intravitreal triamcinolone acetonide injections
should only be performed in the presence of a
filtering bleb after careful consideration of the
risk of endophthalmitis vs. the possibility of
visual improvement

o Patients should be seen by an ophthalmologist
at least once in the immediate postoperative
period (1-7 days) after intravitreal triam
cinolone acetonide injections

o Patients should be instructed to return to their
ophthalmologist immediately at the first sign
of any visual disturbance or pain

e Prompt intervention should be instituted,
including obtaining a vitreous specimen for
culture and administering intravitreal anti-
biotics

ly due to a small-size bias or an increased sus-
ceptibility to infections in diabetic individuals.
Roth and co-workers reported about seven pa-
tients who developed a clinical picture simulat-
ing endophthalmitis following intravitreal tri-
amcinolone injection [114]. Extensive signs of
inflammation developed 1-2days after injec-
tion, at an earlier time point than in bacterial
endophthalmitis. Vitreous taps were sterile and
inflammation resolved spontaneously with re-
covery to pre-injection visual acuity or better.
This inflammatory response might be a re-
sponse to the stabilizing additive benzylethanol
(see above).

In any case, it is recommended to follow a
sterile protocol for intravitreal injections of tri-
amcinolone acetonide (see Table 2.5).
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2.3.2.4
Antiangiogenic Treatment

VEGF is one of the most potent angiogenic
growth factors to date. It is secreted by a variety
of normal and cancer cells, and acts as an en-
dothelial cell mitogen, and permeability factor,
For this reason it was originally named vascular
permeability factor (VPF). The induction of
VEGF during the course of diabetes and several
other inflammatory diseases is mediated by hy-
poxia, advanced glycation end products, reac-
tive oxygen intermediates and growth factors
such as TNF-a and insulin-like growth factor
(IGF-I) [72,108].

VEGF increases vascular permeability
through specific binding to receptors on vascu-
lar endothelial cells that induce the disruption
of the endothelial tight junctions with subse-
quent leakage of vascular fluid (see above: [,
16]).

Intravitreous VEGF levels are elevated in di-
abetic maculopathy and retinopathy, and in hy-
poxia-mediated neovascularization (e.g. central
vein occlusion). Recently aqueous levels of
VEGF and IL-6 were found elevated in eyes
with macular oedema following cataract sur-
gery (Fanatsu 2003). There was a statistically
significant correlation between the level of
VEGF and severity of disease.

VEGF antagonists might be effective in dia-
betic macular oedema through inhibition of
vascular leakage. There are currently two prod-
ucts undergoing phase III clinical trials in the
treatment of neovascular age-related macular
degeneration: the anti-VEGF-pegylated ap-
tamer (“Macugen”, Eye Tech Pharmaceuticals,
Pfizer) and an anti-VEGF humanized neutraliz-
ing antibody (“Lucentis”, Genentech, Novartis).

Both drugs need to be injected intravitreally
every 6 weeks. Although severe side effects have
not been reported so far, one would expect some
risk of endophthalmitis similar to the intravit-
real injection of steroids (see above).

The results of phase I studies have been
promising: The investigators noted significant
improvements in vision (three or more lines) in
25% of patients who received “Macugen” alone
and in up to 60% of the patients who received
Macugen and photodynamic therapy (PDT).

Similarly, positive preliminary data from
a Phase Ib/II randomized, single-agent study
with the investigational anti-VEGF product,
rhuFab V2 (ranibizumab, “Lucentis”), for pa-
tients with the wet form of age-related macular
degeneration (AMD) have been reported. Of the
53 patients treated with rhuFab V2, 50 patients
(94%) had stable or improved vision, of whom
14 patients (26 %) improved 15 letters or more
on the ETDRS chart, and 36 patients (68 %) had
stable vision at day 98. The most common side
effect of treatment with rhuFab V2 injection
was mild, transient, reversible inflammation.

Currently there are ongoing studies in the
USA and Europe to establish the safest and most
efficacious dose of the VEGF Aptamer “Macugen”
in patients with clinically significant macular
oedema (CSME) involving the centre of the
macula given intravitreally (0.3, 1.0 or 3.0 mg/
eye) as compared to sham injections every
6 weeks for 12-30 weeks. The primary endpoint
will be the retinal thickness measured by OCT.
Secondary endpoints will include the mean
best-corrected visual acuity, the need for focal/
grid laser at 12weeks or later, area of retinal
thickening measured by photography and a flu-
orescein angiographic assessment of macular
capillary leakage and cystoid spaces. Similar
studies will be performed for rhuFab and sol-flt,
a soluble receptor of VEGE

Summary for the Clinician

e Currently there is no confirmed evidence
that grid laser treatment improves diffuse
(diabetic) macular oedema

¢ In contrast to the tenacious clinical habit
the use of carbonic anhydrase inhibition
for macular oedema is not based upon
scientific evidence

e Intravitreal triamcinolone acetonide is
gaining attention for treatment of macular
oedema not only as an additive during sur-
gery or in the treatment of persistent macu-
lar oedema, but also as the primary treat-
ment in diffuse macular oedema. Rando-
mized multicentre studies are ongoing

¢ Clinical studies using VEGF inhibitors
are currently performed with two specific
molecules; however, phase III data are not
yet available
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2.3.3
Surgical Approaches

The observation that patients with a diffuse di-
abetic macula oedema have a reduced incidence
of posterior vitreous detachment has generated
the idea that posterior vitreous detachment
during vitrectomy could be used as a therapeu-
tic approach in patients without macula oede-
ma [98, 99]. Hikichi and co-workers report a
55% resolvement of diabetic macular oedema
following posterior vitreous detachment. In
contrast only a 25% resolvement of diabetic
macular oedema was observed in the patients
with attached hyaloid [60]. Peeling of the inner
limiting membrane of the retina ensures com-
plete release of tractional forces, removes a po-
tential diffusional barrier, and inhibits reprolif-
eration of fibrous astrocytes [51]. It is, however,
still a matter of investigation whether such me-
chanical interventions effectively resolve macu-
lar oedema in the long run.

2.3.3.1
Pars Plana Vitrectomy
with Posterior Vitreous Detachment

It has been demonstrated that a surgically in-
duced posterior vitreous detachment in pa-
tients with a diffuse diabetic macular oedema
leads to a reduction of macular oedema with a
subsequent increase in visual acuity [51, 58, 84].

In the study by Pendergast and co-workers,
27 (49.1%) of 55 eyes demonstrated an improve-
ment in best-corrected visual acuity of 2 or
more lines. Fifty-two (94.5%) of the 55 vitrec-
tomized eyes showed an improvement in clini-
cally significant macular oedema, and in 45 eyes
(81.8%) the macular oedema resolved com-
pletely during a mean period of 4.5 months (range
1-13 months). Eyes with macular ischaemia and
preoperative best-corrected visual acuity of
20/200 or less tended to respond less favourably
to vitrectomy than eyes lacking these character-
istics. All eyes had at least 6 months of follow-
up after surgery, with a mean follow-up of
23.2 months [105].

Similarly favourable results were found in
macular oedema from central retinal vein oc-

clusion, chronic uveitis, and postsurgical cys-
toid macular oedema [28, 78,104, 119, 123, 135].

Although the exact mechanism of the ob-
served beneficial effect is not known, removal of
inflammatory mediators and better access of lo-
cally applied steroids are postulated mecha-
nisms of actions of vitrectomy. Following
favourable results of non-randomized studies in
aphakic eyes [33, 48], a multicentre, random-
ized, prospective clinical trial [49, 50] demon-
strated a visual benefit of vitrectomy in aphakic
chronic macular oedema with vitreous incar-
ceration in the wound. The authors recommend
delaying vitrectomy until the cystoid macular
oedema persists for at least 2-3 months [50].
Dugel and co-workers [28] report 11 eyes with
persistent macular oedema unresponsive to
steroids, seven of which improved by four lines
or more after surgery.

2.3.3.2
Vitrectomy and Peeling
of the Inner-Limiting Membrane

The rationale for vitrectomy (removal of the
hyaloid) plus peeling of the internal limiting
membrane is the postulated improvement of
fluid diffusion from the retina to the vitreous
cavity. Vitrectomy including removal of the in-
ternal limiting membrane (ILM) aids the reso-
lution of diffuse diabetic macular oedema and
improvement of visual acuity and prevents
epiretinal membrane formation [51]. Advantage
of the ILM peeling over the vitrectomy alone is
the complete release of tractional forces and in-
hibition of reproliferation of fibrous astrocytes,
which seems to be prudent in the eyes of pa-
tients with diabetes and advanced vitreoretinal
interface disease of the macula.

Looking at the histological appearance of
a cystic macular oedema as demonstrated
schematically in Fig. 2.3, large bullous oedema
can potentially be worsened after ILM peeling
and proceed to a pseudo-macular hole. In this
respect careful examination and the use of opti-
cal coherence tomography might help to ex-
clude patients with large bullae.

Our own data suggest that ILM peeling is in-
effective to resolve the macular oedema in cen-
tral retinal vein occlusion (CRVO) and prolifer-
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Fig.2.3. Cystic macular oedema: pseudo-hole

ative diabetic retinopathy. Improvements were
apparent only in non-proliferative diabetic
retinopathy: A retrospective review analysed a
series of 23 eyes from 23 patients with persistent
macular oedema after pars plana vitrectomy
(PPV) with indocyanine green (ICG) assisted
peeling of the ILM. The main diagnoses were
uveitis (anterior, intermedia, posterior and
panuveitis) (n=9), CRVO (n=4), diabetic
retinopathy (DR) (n=s), vitreoretinal traction
syndrome (n=2), and Irvine-Gass syndrome
(n=3). Visual acuity improved in 9 out of 23 pa-
tients after 3 months and in 6 out of 21 and in 7
out of 21 patients after 6 months. This improve-
ment was predominantly seen in patients with
uveitis (5/9) or diabetic maculopathy (3/5); one
patient with Irvine-Gass syndrome showed a
significant reduction, whereas one with vitreo-
retinal traction showed an improvement in vi-
sual acuity. The group of CRVOs showed no sig-
nificant change during the follow-up. The use of
endotamponade did not influence the outcome.
Patients with uveitis and non-proliferative dia-
betic maculopathy demonstrated a transient
benefit. The lack of long-term improvement is
in accordance with the hypothesis that ILM
peeling cannot not interfere with the mecha-
nism of macular oedema [110a].

Long-term data on the effectiveness of ILM
peeling for resolution of macular oedema are
not available. Additional randomized stu-
dies have to be performed that should inclu-
de data on reading performance and retinal
thickness to better correlate anatomical alter-
ations to clinically relevant functional parame-
ters.

2.3.3.3.
Pars Plana Vitrectomy with Sheathotomy
and Radial Optic Neurotomy

Recently sheathotomy, surgical separation of
the arteriovenous adventitial sheath, has been
proposed for cystoid macular oedema (CME) in
branch vein occlusion. First reported by Oster-
loh and Charles [103], sheathotomy is per-
formed preferably on first and second order ar-
terioles. Several reports demonstrate that
sheathotomy is feasible [46, 83,102,121]. Howev-
er, the literature must be interpreted with ex-
treme caution due to the large variation of the
natural course of vein occlusions and the lack of
a control group.

Radial optic neurotomy, a stab incision to the
papilla down to the lamina cribrosa, is an at-
tempt at a decompression of the central retinal
vein after central retinal vein occlusion [52]. The
improvement might be attributed to the optic
nerve decompression or the vitrectomy alone.
Possibly, the resolution of retinal oedema is ac-
celerated by inducing chorioretinal shunts that
drain retinal circulation to the choroids [115].
Complications include retinal detachment and
visual field defects. As for the sheathotomy, ran-
domized trials are needed to evaluate the poten-
tial long-term benefit of radial optic neurotomy
in vein occlusion.

234
Modification of Systemic Blood Flow

Hyperbaric oxygen is thought to alter the blood
flow via vasoconstriction, and to facilitate the
reformation of damaged junctional complexes
in the vessel wall. Thus, hyperbaric oxygen
works predominantly at the level of the inner
blood-retinal barrier. Intermittent hyperbaric
oxygen for 21days showed an improvement in
visual acuity in patients with chronic CME after
cataract extraction [107]. The improvement in
visual acuity, however, does not correlate with a
reduction of macular oedema. It is possible that
hyperbaric oxygen alters macular ischaemia or
affects the anterior segment of the eye. In
uveitis-associated CME, hyperbaric oxygen had
no significant effect [80, 93].
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Other rheological treatments such as plasma
membrane filtration demonstrated good effects
in initial studies; however, they have not entered
large-scale prospective studies [134].

Summary for the Clinician

e Vitrectomy without ILM peeling might be
beneficial in patients with a taut posterior
hyaloid lacking a posterior vitreous detach-
ment

e ILM peeling is thought to act through the
removal of a diffusion barrier and the pre-
vention of epiretinal membrane formation

e Sheathotomy (surgical separation of the
arteriovenous adventitial sheath) is a
potential option for recent branch vein
occlusion. As with radial optic neurotomy;,
the treatment needs to be evaluated in
randomized studies

e Hyperbaric oxygenation and plasma
membrane filtration might be indicated
in selected cases

24
Discussion:
Open Questions and Technical Aspects

Most of the presented data for the surgical
methods as well as pharmacological treatments
represent small case series. In order to further
evaluate the discussed treatment approaches,
randomized prospective studies in a large pop-
ulation are needed. However, not only the end-
point criteria and the measurement approaches
should be evaluated, but also the best time point
for treatment or the question of whether to treat
ischaemic forms of macular oedema and how.
Many studies presenting positive treatment
results use the anatomical reduction of macular
oedema as their endpoint. It is well known that
the anatomical endpoint (decrease in retinal
thickness, or a “dry macula” on angiography) in
many cases differs considerably from the func-
tional endpoint (visual acuity and reading abil-
ity). Grid laser has been shown to be efficacious
in reducing vascular leakage; however, it does
not improve visual acuity (see Table 2.2). Evalu-
ation of trials with different protocols remains
difficult. Thus, to evaluate the efficacy of differ-

ent treatment approaches a prospective ran-
domized design is necessary, which should em-
phasize functional rather than anatomical end-
points. Reading ability is an excellent measure
of macular function. The measurement should
include reading acuity, as well as the maximum
reading speed. For this purpose, the standard-
ized Radner Reading Charts provide clinically
reliable and reproducible results for individuals
with normal eyesight and for patients with visu-
al impairment. These reading test systems,
which consider the current international stan-
dards for visual acuity measurements (EN ISO
8596, NAS-NRC) and the psychophysical re-
quirements for controlling optical item interac-
tions, can provide reliable measures for clinical
and scientific analyses of reading performance
[111,124].

Retinal thickness measurement with OCT is
an established method for quantitative assess-
ment of macular oedema. Retinal thickness is
determined as micrometres of maximal thick-
ness within 500 pm around the fovea. The nor-
mal thickness values for patients without oede-
ma are as follows: central part of central sub-
field 155 pm; central subfield as a whole 180 pm;
inner superior, nasal and inferior subfields
260 pm; inner temporal subfield 250 pm; outer
superior, inferior, and temporal subfields
230 pm; outer nasal subfield 250 pm. A desired
effect for any treatment is decreasing retina
thickness to within normal (175-200 pm). A re-
duction of 75-150 pm from baseline may be
shown to be clinically significant. It is important
to consider the high variability in fixation in pa-
tients with macular oedema. For quantitative
comparison of retinal thickness in repeated
measurements during treatment, care should be
taken that the system software chooses the
point of measurement independent of the pa-
tient’s fixation.

The OCT is currently unable to distinguish
the ILM from the outer retinal layers. However,
it might be useful to exclude any kind of retinal
traction. As discussed above, a large oedema-
tous cyst might be clinically difficult to distin-
guish from a full thickness macular hole associ-
ated with a macular pucker. OCT can easily
answer these questions; however, it does not an-
swer the question of ischaemia, which in most



28

CHAPTER 2 Therapeutic Approaches to Macular Oedema

cases determines whether to treat or not. The al-
most only indication for fluorescein angiogra-
phy in diabetic patients and patients with mac-
ula oedema is to exclude macular ischaemia
(Table 2.3).

Ischaemic maculopathy remains untreatable
in the area of laser coagulation. A foveal avascu-
lar zone of more than 500 pm should be consid-
ered ischaemic and thus on the current recom-
mendations cannot be treated. However, there is
still hope that ischaemic maculopathy can be
treated pharmacologically. For ischaemic oph-
thalmopathy this has been demonstrated in a
preliminary report using intravitreal triamci-
nolone, which was demonstrated to reduce iris
neovascularization and increase visual function
[69]. In contrast it is important to note that an-
tiangiogenic drugs such as VEGF antagonists
potentially increase ischaemia and have to be
carefully investigated in this respect.

Early intervention in macular oedema is un-
doubtedly advantageous, as the risk of ultra-
structural alterations induced by a persistent
macular oedema increases with time. It is well
known that with time the central avascular zone
and the areas of ischaemia are likely to increase.
Late treatment risks transition to untreatable is-
chaemic forms of macular oedema. To date,
however, most surgical approaches will only be
considered for persistent macular oedema un-
responsive to laser treatment or pharmacologi-
cal approaches. As a general rule surgical and
medical treatment could be considered for eyes
with a BCVA 20/50 +3 (68 ETDRS letters) and
20/320 (25 ETDRS letters).

The different treatment approaches are like-
ly to affect the clinical course of macular oede-
ma at variable time points and for different time
periods. While the effect of intravitreal steroids
is known to deteriorate with time, similar fluc-
tuations are likely for other treatments. Espe-
cially for the surgical options long-term data are
currently unavailable. Thus, any treatment op-
tion should be evaluated for the duration of the
anticipated beneficial effect and beyond. As
macular oedema requiring treatment appears
to be mostly chronic, a follow-up of only
6-8 weeks is inefficient.

25
Summary: Clinical Treatment Dependent
on the Origin of the Macular Oedema

Macular oedema is generated by different
mechanisms, requiring specific interventions.
In general, a combination of hydrostatic forces,
mechanical forces, inflammation and pharma-
cotoxic effects is involved and requires modula-
tion of treatment according to which factor is
prominent in the condition (Table2.1). Most
treatment strategies focus on the release of ei-
ther vitreous traction or inflammation.

Hypertensive macular oedema or macula
oedema in pregnancy relate to hydrostatic forces
and can resolve if the hypertensive stimulus is
diminished upon the reduction of the blood
pressure.

More difficult remains the treatment for
macula oedema secondary to vascular occlusion.
CRVO leads to a poor visual outcome in most
cases, especially in the ischaemic type or in eyes
with persistent macular oedema. The Central
Vein Occlusion Study Group reported a visual
acuity of 20/100 or less after 3years in 58% of
patients and an improvement by two or more
lines in only 20 % of cases. Treatment with laser
photocoagulation or isovolemic haemodilution
has no significant impact on the visual outcome
of eyes with CRVO and macular oedema [20].In
contrast, the Branch Vein Occlusion Study
demonstrated some benefit of grid laser coagu-
lation with respect to an increase in visual acu-
ity and reduction of retinal oedema. Macular is-
chaemia, however, remains the limiting factor
[11,13].

As the restoration of the vessel patency simi-
lar to the thrombectomy of peripheral vessels
usually cannot be achieved, recent strategies
have focussed on (see above for details):

e “Rerouting” from the retinal to the choroidal
circulation (iatrogenic anastomoses by focal
laser coagulation with high energy)

e Pars plana vitectomy with sheathotomy or
radial optic neurotomy respectively

e Hyperbaric oxygenation (vasoconstrictive
effect of 0,)

e Metabolic alterations
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Diabetic macular disease is considered a struc-
tural alteration of the macula in any of the fol-
lowing situations:

e Collection of intraretinal fluid in the macula
with or without exudates (lipids) and with or
without cystoid changes

e Non-perfusion of parafoveal capillaries with
or without intraretinal fluid

e Traction in the macular by fibrous tissue pro-
liferation that is dragging the retinal tissue,
causing surface wrinkling or detachment of
the macula

e Intraretinal or preretinal haemorrhage in the
macula

e Lamellar or full-thickness retinal hole for-
mation

e Combination of the above

Treatment by laser coagulation is limited to
focal oedema, but is controversial in diffuse
oedema and has proven to be ineffective in is-
chaemic diabetic maculopathy. Currently, phar-
macological approaches, which inhibit growth
factor activity (anti-VEGF therapies) as well as
anti-inflammatory strategies, are being estab-
lished. Furthermore, clinical trials are ongoing
to assess the surgical reduction of the diffusion
barrier by ILM peeling in comparison to triam-
cinolone acetonide.

Choroidal neovascularization leads to macu-
lar oedema by inducing a chronic neurosensory
detachment. Choroidal neovessels are leaky as
they lack tight junctions between their endothe-
lial cells. The treatment of the associated macu-
lar oedema depends on the effective treatment
of the underlying cause, e.g. in age-related mac-
ular degeneration (AMD) or presumed ocular
histoplasmosis syndrome (POHS).

A similarly limited prognosis is reported for
persistent macular oedema in patients with
uveitis. In 21-52% of patients with uveitis there
is a clinically significant macular oedema with
visual impairment [23, 55, 112]. Long-term ex-
amination demonstrates a persistent reduction
in visual acuity in 74 % of patients despite anti-
inflammatory treatment with topical NSAIDs,
steroids and systemic anti-inflammatory and
immunosuppressive agents. Similarly, topical
and systemic treatment with CAI (carbonic an-
hydrase inhibitors) failed to reduce the macular

oedema [138]. Carbonic anhydrase inhibitors
were shown to reduce macular oedema anatom-
ically but failed to improve visual acuity. Pars
plana vitrectomy was repeatedly reported to
have a beneficial effect on the course of uveitis
and associated cystoid macula oedema [123]. As
expected, the majority of patients with vitreous
opacities improved their initial visual acuity,
but the cystoid macula oedema was also noted
to resolve in 32-59 % of cases [17, 28, 29, 127, 129,
135]. However, randomized prospective trials
are needed to define the role and indications of
vitrectomy in altering the course of inflamma-
tory cystoid macular oedema [59].

In retinitis pigmentosa and dominant cystoid
macular oedema leakage is predominantly
found at the level of the RPE and from parafoval
capillaries (inner- and outer blood-retinal bar-
rier). In these patients carbonic anhydrase in-
hibitors might act via an increase in active fluid
transport through the RPE. Experimental treat-
ment with octreotid (somatostatin) is currently
under investigation.

2.6
Conclusions

The current treatment of macular oedema re-
mains unsatisfactory. The dissection of the mo-
lecular mechanisms responsible for the forma-
tion of macular oedema will lead to the identi-
fication of specific therapeutic targets, and the
successful application of this knowledge will re-
sult in the generation of more effective treat-
ment modalities.
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SiLvia Bopp!

Core Messages

e Epimacular membrane formation is an age-
dependent more or less vision-threatening
finding. Increased life expectancy and
patient demand for better vision have led
to increasing numbers of patients seeking
therapy

Surgery in less advanced cases using
conventional peeling techniques can be
frustrating, for no recognizable membrane
edges are found for grasping by forceps
and traction relief may remain incomplete
e The impressive improvements in macular
hole surgery (MHS) have influenced
epiretinal membrane (ERM) surgery and
have led to a renewal of its therapeutic
approach

New pathoanatomical insights and tech-
nical refinements have enabled surgery
for ERM at an early stage with a reasonable
risk/benefit ratio

Intended internal limiting membrane
(ILM) peeling during surgery for ERM
seems to be advantageous for preventing
recurrences and presumably enhancing
postoperative visual improvement

A battery of visualization aids is available
that allow delicate, thorough, and con-
trolled peeling manoeuvres. Their safety
profile, however, remains to be investigated
Functional limitations must be accepted in
eyes with poor initial visual acuity (VA) and
long-standing disease as a result of pre-
existing irreversible macular tissue alter-
ations

3.1
Introduction

3.1.1
Definition - Clinical Features -
Nomenclature

Epiretinal membranes (ERMs) are non-vascu-
larized tissue sheets that grow on the retinal
surface and cause more or less traction on the
underlying neuroretina. Depending on the ex-
tent of membrane proliferation and contrac-
tion, distortion of the inner retina or the whole
retinal layers, or even traction retinal detach-
ment may occur.

Accordingly, ophthalmoscopic features vary
considerably. The spectrum of changes includes
(Fig.3.1):

e A translucent glinting light reflex over the
macular area

e Striae or crinkling of the inner retina and
vascular tortuosity

e A visible opaque tissue sheet covering the

retinal surface with full-thickness folds or a

localized traction detachment

Contraction of an ERM surrounding the fovea
may result in a macular pseudohole that may be
misinterpreted as a full-thickness macular hole.
Additional findings, such as macular oedema,
spotty retinal haemorrhages, and cotton wool
spots reflect secondary tissue alterations due to
traction-induced vessel and nerve fibre impair-
ment. Rarely, pigmentation within the mem-
branes or subretinal pigmentary changes may
be present.

The author has no financial or proprietary interest in any material or method mentioned.
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Fig.3.1. Spectrum of clinical ERMs: asymptomatic,
cellophane-type with pseudohole, VA=1.0 (top left).
Diffuse, cellophane-type membrane, VA=o0.5 (top
right). Advanced cellophane-type with gliotic con-

The heterogeneous clinical appearance of
ERM is expressed by numerous clinical terms,
which are used to describe the different oph-
thalmoscopic pictures. The most commonly
used terms include:

e Cellophane maculopathy

o Surface wrinkling retinopathy
o Pre-/epiretinal gliosis

e Macular pucker

However, no standard nomenclature is in use so
far. The term “ERM?” is preferred here, as it in-
cludes all variants of epiretinal proliferation. To
describe the severity of ERM formation, I will
use the descriptions: “cellophane type” and
“pucker type”.

densations and significant traction, VA=o0.2 (lower
left). Pucker type with pseudohole, minor retinal
traction, VA=o.7 (lower right)

3.1.2
Classification

ERMs in the macular area most often occur as a
primary or idiopathic disorder, but may also de-
velop secondarily after laser- or cryocoagula-
tion of retinal breaks or after retinal detach-
ment surgery. Furthermore, membrane for-
mation may be present as an associated phe-
nomenon with numerous other vitreoretinal
diseases (vascular, inflammatory, trauma, tu-
mor). This article will focus on primary idio-
pathic and secondary ERMs after surgery for
retinal detachment (RD).
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3.1.3
Clinical Symptoms

Visual symptoms range from no functional im-
pairment to severe visual deterioration. They
are somewhat related to the morphologic ap-
pearance, but no strong correlation exists. Loss
of visual acuity is one functional parameter,
but the presence or absence of metamorphopsia
is of equal importance. There are patients
that present with good central vision, but suffer
severely from disturbing metamorphopsia and
vice versa. This has to be taken into account if
surgical treatment is considered. Micropsia,
macropsia and diplopia are less frequently re-
ported, but also reflect macular tissue alter-
ations due to traction and oedema of the macu-
la.

3.1.4
Natural History

Idiopathic ERMs are a relatively frequent find-
ing and increase with age. Previous reports on
autopsy eyes and on large office patient series
have shown that the prevalence in patients old-
er than 50 years increases from approximately
2% up to 20 % in the 8th decade, with bilateral-
ity in up to 30% [70, 63, 58].

Many ERMs remain asymptomatic in a sig-
nificant number of patients and do not show
progressive growth. Vision is not significantly
affected or is mildly decreased. Once diagnosed,
ERMs remain stable in 38.8%, progress in
28.6 % and regress somewhat in another 25.7%
[22]. Within this period, 13.5 % of patients devel-
op ERM in their second eye, which indicates a
symmetric trend for this disease. It is notewor-
thy to mention that about 10 % of patients who
initially present with cellophane reflex only,
progressing to a pucker-like fibrosis as defined
by the presence of retinal folds and opaque
membranous material. Visual loss of one line or
more will occur in almost half of cases, but 85%
will have vision better than o.3.

Clinically significant secondary ERM after
otherwise successful retinal or vitreous surgery
for retinal detachment is observed in 4-8 % [45,

87, 28]. It is our impression, however, that the
true incidence is much higher. Symptoms may
be missed because of limited visual recovery in
eyes with initial macular-off retinal detach-
ment. Surgeons may miss mild forms of ERM,
because they give priority to the fact that the
retina is reattached. Our observations are sup-
ported by a prospective study [41] and an autop-
sy study [91]. ERMs after surgery for rheg-
matogenous retinal detachment are observed in
46% and 76 %, respectively. The majority of
ERM formation is mild and does not cause se-
vere gliosis. Different from idiopathic ERM, se-
vere postdetachment pucker occurs early after
surgery within a few weeks and is commonly as-
sociated with significant macular oedema [7].

Summary for the Clinician

e Epiretinal membranes (ERMs) may occur
as a primary idiopathic disorder or second-
arily after treatment of retinal tears or after
surgery for retinal detachment as well as in
association with numerous other ocular
disorders. Idiopathic and postdetachment
ERMs are addressed in this paper

¢ Clinical presentation varies from
cellophane-type to pucker-type gliosis

¢ Visual symptoms range from no functional
impairment to severe visual deterioration

¢ Idiopathic ERM formation usually shows
slow progression or may remain stable with
minor visual impairment

o In ERMs after surgery for retinal detach-
ment, however, an early and progressive
membrane growth is more common

3.2
Patholomorphology

3.2.1
Morphologic Findings

In the pre-vitrectomy era, autopsy eyes or eyes
enucleated due to blinding or tumour diseases
served as the material for histologic and ultra-
structural investigations. Fundamental investi-
gations were performed in the 1970s [3,11, 20,70,
92]. These studied the cellular composition of
various ERMs extensively, but also focused on
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the vitreoretinal interface and considered the
significance of an attached or detached vitre-
ous.

After vitrectomy techniques began to evolve
in the early 1980s, most specimens were ob-
tained during surgery, and the findings verified
by Foos and others [56, 79]. Inmunohistochem-
ical techniques have provided further informa-
tion in terms of the identification of the cellular
elements and extracellular components of ERM.

Idiopathic ERMs are mainly composed of
glial cells of retinal origin (Miiller cells, fibrous
astrocytes) and newly formed collagen. Surgi-
cally excised membranes also show fragments
of basement membrane that indicate partial
ILM removal during membrane dissection.
ERM and ILM material removed during macu-
lar hole surgery (MHS) show similar morpho-
logic features.

Secondary ERMs show a mixed cellular com-
position. In addition to glial cells, retinal pig-
ment epithelial (RPE) cells and macrophages as
well as fibroblasts and myofibroblasts are pres-
ent [11]. By means of their ability to migrate and
proliferate under pathologic conditions, glial
and RPE cells undergo a process of transforma-
tion and dedifferentiation. They change their
appearance and function, which makes it diffi-
cult to identify the original cell type. The patho-
genesis of ERM formation therefore is not fully
understood. Morphologic similarities to prere-
tinal membranes in proliferative vitreoretino-
pathy (PVR) indicate a similar pathogenetic
process. The presence of typical macular puck-
er in eyes after coagulation therapy or after reti-
nal detachment surgery is regarded as a limited
PVR reaction.

3.2.2
Role of the Vitreous

Physiologic aging of the corpus vitreum (lique-
faction) leads to weakening of the adhesion be-
tween the vitreous cortex and the ILM and re-
sults in a posterior vitreous detachment (PVD).
In true PVD, a clean and smooth surface with-
out vitreous remnants occurs [21]. Some eyes,
however, develop an anomalous PVD that is
characterized by the presence of more or fewer

remnants of the vitreous cortex left on the inner
retinal surface. In these cases, splitting of the
vitreous cortex (vitreoschisis) mimics true
PVD. This phenomenon is well known in highly
myopic and diabetic eyes, but may also occur in
emmetropic eyes with idiopathic ERM [73, 74].
Careful observation during surgery for idio-
pathic cellophane-type ERM reveals that a deli-
cate sheet of presumed vitreous cortex frequent-
ly covers the central retina and the ERM,
although the eye shows PVD. Eyes with advanced
primary or secondary macular pucker usually
do not reveal obvious vitreous cortex remnants.
This leads to the hypothesis that residual vitre-
ous cortex may serve as a scaffold for ERM for-
mation on the inner retinal surface, at least in
early stages of idiopathic membrane formation.

3.2.3
New Imaging Techniques

Surgery for macular holes (MHS) was first intro-
duced by Kelly and Wendel [38] and the impres-
sive advances in surgical techniques seen over
the past 10 years have given us new insights with
regard to vitreoretinal interface changes. In ad-
dition, new diagnostic facilities, such as optical
coherence tomography (OCT), have contributed
to a better understanding of the delicate struc-
tural changes in both early MH stages and early
idiopathic ERM formation. In addition, OCT of-
fers the possibility of monitoring postoperative
tissue restitution and correlating the cross-sec-
tional images and retinal thickness with func-
tional results [52, 85] (Figs. 3.2,3.3).

The frequent association between cello-
phane membranes and MH indicates a possible
common pathogenetic pathway. Traction on the
fovea plays a critical role. In MH cases without
visible cellophane reflex, this may be induced by
a prolonged or incomplete PVD process or by
subclinical alterations of the ILM. In cases with
associated cellophane changes, delicate ERMs
cause tangential traction, which ultimately
leads to a lamellar or full thickness MH. If trac-
tion forces by epiretinal membranes are not
centred on the centre of the macula, but spread
more diffusely, gliosis without hole formation
predominates the clinical picture.
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Fig.3.2. Correlation between clinical, angiographic
and OCT findings in an eye with cellophane-type
ERM: diffuse glinting reflex, normal appearing FAG,

Thus, MH without evidence of ERM and
macular pucker possibly present two sides of
the same disease, which can be termed traction
maculopathy or (vitreo)macular traction syn-
drome. I would hypothesize that the condition
of the vitreous and activity of cellular prolifera-
tion modulate the disease. Clinically the process
ends in MH formation or macular pucker,
which may show various intermediate stages.

Summary for the Clinician

e Major pathomorphologic findings of
excised ERMs include glial cells, newly
formed collagen and ILM fragments

e In postdetachment ERMs additional
cellular elements may be found, such as
RPE cells, macrophages and myofibroblasts.
The cellular composition indicates these
membranes present a limited PVR process

membranous structures with traction on the foveola
and adjacent inner retina. VA=0.5

e Incomplete vitreous separation (PVD)
leaving cortical remnants on the retinal
surface may act as a scaffold for cellular
proliferation and is important in early
ERM formation

e Idiopathic ERMs and MHs share some
common features as revealed by ophthal-
moscopy and OCT, and possibly a common
pathogenetic pathway exists. The particular
vitreofoveal relationship, tractional
components and the activity of cellular
proliferation determine the clinical picture
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Fig.3.3. Correlation between clinical, angiographic
and OCT findings in an eye with pucker-type ERM:
cellophane reflex, macular pseudohole, and cotton-
wool-like lesions nasally; FAG reveals distorted peri-

3.3
Conventional ERM Peeling

3.3.1
History

Surgery for macular pucker was one of the first
indications in the beginning of the vitrectomy
era and was introduced by Machemer in the
early 1970s. Removal of vitreous opacities,
haemorrhages, and vitreal traction membra-
nes were further indications. Throughout the
1980s, removal of proliferative tissue in PVR
and PDR became more common as well as
treatment for epimacular membranes alone.
This was the beginning of what we now call
“macular surgery”. Meanwhile this term stands
for a large indication group for vitreous sur-

gery.

macular vessels; OCT shows thickening of the para-
foveal tissue and hyporeflective areas corresponding
to the nasal portion of the ERM. VA=o0.1

After he had developed the basic pars plana
vitrectomy technique in 1972, R. Machemer re-
ported his first ERM dissections [48, 49]. He di-
rected a bent needle to the edge of the mem-
brane and mobilized the tissue from the central
retina. The first microforceps was developed by
S. Charles in the late 1970s, not only to peel but
also to remove the tissue in one step. During the
1980s, various modifications were created to fa-
cilitate peeling in different clinical situations
(membranes at the posterior pole and in the pe-
riphery; with retina on or off, fibrocellular and
fibrovascular membranes).

In the 1990s, MHS led to significant improve-
ment in vitreous surgery instrumentation. Re-
finement of the tips or diamond-dusted coating
enhanced the ability to grasp more delicate tis-
sue, to prevent tissue slipping out of the forceps,
and to avoid damage of the underlying inner
retinal layers. In 1999, K. Eckhardt and the
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DORC company developed an end-gripping
forceps specifically designed to peel delicate
membranes and remove the ILM. The so-called
“Eckhardt forceps” has become a standard in-
strument for this purpose. Another recently de-
signed forceps by S. Charles is a bent forceps
(“conformal”), the curvature of which parallels
the retinal surface in order to avoid grasping the
retina while approaching the membrane.

Viewing systems have also improved during
the past decade. Direct (contact lenses) and in-
direct viewing systems (BIOM) with special
lenses designed for macular surgery provide a
high magnification, resolution, and enhanced
three-dimensional view. More powerful light
sources are contributing to the visualization of
delicate pathologic structures.

Recently, dye-assisted vitreous surgery was
introduced to facilitate ILM peeling [37, 10]. Se-
lective staining of ERM (trypan blue) or the
ILM (indocyanine green, ICG) enables the sur-
geon to target precisely the pathologic struc-
tures and remove the ERM or ILM more safely,
quickly, and completely. Despite its widespread
use, the application of ICG as an intraoperative
visualization aid is under debate. Some reports
indicate potential toxicity, and studies proving
its safeness are still lacking. Most surgeons who
have used ICG regularly for the past few years
have noticed no toxic side effects and aver that
the advantages at least outweigh the possible
adverse effects.

Summing up, the progress in techniques has
given us the ability to remove not only opaque
epiretinal gliotic membranes but also delicate
transparent tissue, without threatening the
fragile macular structures. As a result of better
control of manipulation and less risk of iatro-
genic damage, surgery tends to be performed at
an earlier stage and with better initial visual
acuity.

3.3.2
Indications for ERM Removal
and Functional Outcome

In general, ERM removal is considered for se-
lected cases only, e.g. eyes with substantial visu-
al loss (0.3 or worse) and disturbing metamor-
phopsia [56, 51]. Ophthalmologic criteria are
either pucker-like epiretinal tissue (dense,
opaque, gliotic) or cellophane-like (transparent)
tissue, which causes retinal folds and marked
vascular tortuosity. Major arguments for a cau-
tious approach to ERM are the relatively benign
nature of idiopathic ERM regarding visual im-
pairment on the one hand and the well-known
potential vision-threatening complications of
vitreous surgery on the other. Retinal breaks and
consecutive retinal detachment occur in about
5-8%, ERM recurrence in 4-8 %, nuclear sclero-
sis and significant cataract in up to 63 %, and en-
dophthalmitis rarely (<1%) [57, 68,13, 14].

Furthermore, functional recovery usually re-
mains limited. Although visual improvement (2
lines) is observed in 65-95% of cases, a high vi-
sion level (o.5) is achieved in 20-35% only.
These results are valid for both idiopathic and
secondary ERM [57, 13, 14, 67, 68]. Several rea-
sons were identified that explain incomplete
functional improvement: persistent or en-
hanced postoperative cystoid macular oedema,
remnants of membranous tissue and suspected
irreversible tissue damage to the macula due to
a long-standing disease. Preoperative factors
that allow a prognostic estimation of the func-
tional outcome are: poor initial visual acuity,
pre-existing leakage, or cystoid macular oede-
ma and blurred vision of long duration.

Well-defined indications for surgery are still
lacking and largely depend on the surgeon’s in-
dividual preferences. Since idiopathic ERMs
with their associated membrane contraction
usually progress slowly and may maintain a sta-
ble morphologic appearance and function, sur-
geons advise patients to wait while the disease
process increasingly advances. Secondary macu-
lar pucker after retinal detachment occurs much
more rapidly (within weeks) and therefore is
usually treated earlier. The true time window for
a successful outcome, however, is not known.
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3.3.3
Technique for ERM Removal

A conventional, three-port pars plana approach
is usually employed. In advanced stages of idio-
pathic ERM and in cases of postcoagulation or
postdetachment macular pucker, a posterior
vitreous detachment is present in the majority
of cases. After complete vitrectomy, the mem-
brane is inspected for visible edges. These rims
can be engaged with a forceps directly. If a pre-
existing edge is not present, a bent-tip needle or
a pick, applied to the margin of the epiretinal
tissue, helps to induce a circumscribed flap. Af-
ter grasping the preretinal tissue with a forceps,
careful and gentle dissection is started from the
peripheral portion to the epicentre of the mem-
brane. Directing the tip tangentially to the reti-
nal surface and engaging the membrane from
different directions helps avoid fragmentation
of the tissue sheet and inadvertent tearing of the
retina. Unusually firm adhesions to the retina
may necessitate amputation of the tissue with
horizontal scissors or a vitreous cutter. If in-
spection of the peripheral retina surgery shows
no iatrogenic damage, surgery is finished by
sclerotomy closure.

During the peeling process, we observe
ERMs with varying characteristics: Some can be
peeled off easily and completely in one piece
leaving a smooth inner retinal surface. Others
show a firm adherence to the retina, and re-
moval may risk causing damage to the superfi-
cial retina. Multiple attempts to engage the tis-
sue may be necessary. Since identification of
membranous material and distorted retina can
be difficult at times, the surgeon must memo-
rize the areas in which the ERM was removed
and those where peeling is still necessary. Oth-
erwise, he is likely to damage the retina by re-
peated attempts to peel where no membrane is
left, or he may leave remnants of epiretinal tis-
sue with incomplete traction relief and the risk
of recurrent membrane formation. Another
variant of ERM shows a soft tissue consistency
and resembles so-called immature PVR mem-
branes. They fray during peeling, which leaves
the impression of incomplete separation. A re-
peat approach often does not succeed in a clean

cleavage between retina and membrane, partic-
ularly in areas with pre-existing retinal whiten-
ing (associated cotton wool spots and retinal
oedema). For these cases, presumed membrane
parts should be removed using horizontal scis-
sors, but otherwise left in situ. Usually the reti-
na will flatten and smoothen postoperatively.
Although peeling manoeuvres aim for maxi-
mal ERM removal and traction relief, some
postoperatively visible glinting reflex, superfi-
cial wrinkling, or vessel distortion hints at
residual epiretinal tissue or possibly persistent
intraretinal contraction. Furthermore, recur-
rent ERMs can be observed in up to 21% [62].

3.34
Surgical Variants

Cataract formation is the most frequent compli-
cation after vitreous surgery, and its incidence
correlates with the age of the patient and the
complexity of the surgical procedure, especially
the use of an intravitreal tamponade [53, 36]. In
surgery for idiopathic ERM, progressive nuclear
sclerosis is reported in 50-75% [14]. Some sur-
geons believe that core vitrectomy is more like-
ly to protect the lens than complete vitrectomy
[51]. For these reasons, most surgeons also avoid
an intraocular tamponade (air, short-acting
gas), unless intraoperative complications, such
as retinal breaks or retinal detachment, require
additional manoeuvres. Nevertheless, postvit-
rectomy cataract formation remains frequent
and is largely unpredictable.

Some surgeons favour the use of an encir-
cling band in addition to pars plana vitrectomy
in order to prevent postoperative retinal detach-
ment. However, no studies have verified a pro-
tective effect.

Summary for the Clinician

e Standard three-port vitrectomy with
thorough peeling manoeuvres is the gold
standard for ERM removal

e Visible edges, preretinal cellophane or
opaque structures are landmarks for the
surgeon to approach the membrane

e As the consistency of the epiretinal tissue
and its adherence to the retina vary consid-
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erably, peeling manoeuvres may turn out to
be easy or difficult and possibly remain
incomplete

e However, discrimination of epiretinal tissue
components and oedematous distorted
retina is crucial to avoid unnecessary reti-
nal damage

e Recurrent ERM formation is observed in
up to 20 % after conventional membrane
peeling

e Whether alternative techniques, such as
performing a limited vitrectomy (core
vitrectomy) only or using a small incision
approach (transconjunctival 25-gauge
systems), are as safe and efficient as the
conventional approach remains to be
proven. Similarly, the usefulness of an
encircling band to prevent postvitrectomy
detachments is unclear and remains the
surgeon’s individual decision

3.4
Advanced ERM Peeling

3.4.1
The Vitreoretinal Interface in Eyes
with ERM

In ERM surgery, multiple layers must be se-
quentially peeled off at times in order to obtain
a clean retinal surface [51]. In addition, it has
been believed that PVD was almost always pres-
ent [79] and that surgical separation of the ERM
occurred at the level of the ILM [78]. Thus, the
presence of multiple layers was attributed to the
ERM itself. The current understanding of the
vitreoretinal interface and its pathologic alter-
ations allows a more precise correlation of
anatomic and intraoperative findings. In ERM
surgery, we have to face remnants of the poste-
rior vitreous cortex, newly formed epiretinal
tissue, and the ILM.

The Vitreous. Idiopathic ERM is present in
eyes with and without posterior vitreous de-
tachment (PVD). Biomicroscopy and B scans
have turned out to be unreliable in establishing
the true incidence of PVD. Intraoperative find-
ings allow a more precise diagnosis. Biomicro-

scopic examination and ultrasound findings re-
port a PVD in up to 100% [2, 92] and similar
rates were found during surgery [79]. In our ex-
perience, complete PVD in idiopathic ERM is
much less frequent (see Sect. 3.5.1). This may be
explained by the fact that surgery in earlier
times was restricted to advanced pucker-like
membranes, but today is performed in much
earlier stages. Thus, a PVD is no precondition
for ERM formation and growth.

The ERM and ILM. Vitreomacular traction
syndrome, lamellar and full-thickness macular
hole,and ERM share the common feature of vit-
reoretinal interface abnormalities: MHS has
shown the significance of an incomplete vitre-
ous separation that causes vitreomacular trac-
tion and moreover the presence of delicate cel-
lophane membranes that result in a tangential
traction component. In addition, histological
findings of ILM material removed during MHS
show some glial proliferation overlying the ILM
[16, 55, 44]. Similarly, fragments of ILM are a
regular finding in surgically excised ERM and
show similar morphologic features [87, 79]. In-
advertent ILM removal during ERM surgery,
furthermore, has no noticeable adverse effects
[47]. Thus, in the face of the surgical problems
mentioned above, performing a thorough and
complete removal of epiretinal tissue together
with the ILM seems a logical concept. Preven-
tion of recurrent membranes and possible ex-
tension of surgery to early cases with very deli-
cate and transparent membranes may be
achieved by this approach.

3.4.2
ERM Removal with ILM Peeling

Surgically removed ERM specimens often
demonstrate various degrees of attached ILM.
Peeling of both the epiretinal tissue plus the ad-
jacent ILM should facilitate complete removal of
the newly formed tissue according to the hy-
pothesis that “if the ILM is removed there can-
not be any proliferative tissue at all”. Interest-
ingly, there is clinical evidence that the ILM
itself may reveal traction on the retina. During
surgery for cellophane maculopathy, we fre-
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Fig.3.4. Case example with cellophane-type ERM
before and after surgery using advanced peeling tech-
niques. Note the smooth epimacular surface and mar-
gins of the ILM-peeled zone

quently notice persistent intraretinal traction
folds after having removed the epiretinal tissue.
Only after peeling of the ILM do those fine stri-
ae disappear and the retinal surface smoothen
(Fig. 3.4). Although there are no morphologic
characteristics known that allow differentiation
between normal and pathologically altered
ILM, surgical experience of ILM removal for
various macular diseases shows that consisten-
cy, thickness, and retinal adhesion of the ILM
vary significantly. Thus, ILM peeling in pucker
surgery will eliminate any continued contrac-
tion on the macula, or, in other words, since we
assume that the ILM serves as a scaffold for
epiretinal cellular proliferation, persistent con-
traction will be eliminated and possible recur-
rent membranes prevented.

343
Identification of Specific Tissue Sheets
and Meticulous Peeling Manoeuvres

The basic surgical technique is described above.
From the anatomic point of view there may be
three different tissue layers present: remnants of
the posterior vitreous cortex, epiretinal prolif-
erative tissue, and the ILM. Although all three
layers have a more or less transparent appear-
ance, each type of tissue has certain characteris-
tics that allow identification. Complete and con-
trolled membrane removal is only possible if
the surgeon is aware of which tissue she/he is
holding in his forceps.

Posterior vitreous cortex remnants typically
present as a sheet of fragile elastic tissue that is
thickest in the centre of the retina and thins to-
wards the vascular arcade and midperiphery.
During peeling, it will form delicate strands and
separate from the retina without evidence of
retinal traction. It shows no distinct borders
and vanishes towards the periphery.

Characteristics of ERM removal are de-
scribed above. The semitransparent or opaque
nature becomes obvious once the membrane is
mobilized and separated. Usually the mem-
brane shows varying thicknesses (thickest in
the centre and thinner towards the peripheral
edges) and irregular borders. Its consistency
ranges from soft and fragile to fibrous and con-
densed. The membrane usually separates at the
plane of the ILM, although in exceptional cases
the membrane and ILM may come off together
(see below).

With the advent of intentional ILM removal
[60,8,16] came scepticism about whether it was
indeed the ILM that was being removed. The
ILM appearance is unique, however, and can be
reliably distinguished from ERM by certain fea-
tures. Furthermore, numerous morphologic
studies on excised specimens confirmed the
correct intraoperative diagnosis. It is now gen-
erally accepted that tissue with the following
characteristics represents ILM: it is highly re-
flective, looks absolutely transparent, appears
homogeneous, and shows no distinct borders.
Peeled ILM curls up much like the lens capsule
after capsulorrhexis. Occasionally, some super-
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Fig.3.5. Case example with cellophane-type ERM
before and 1day after vitreous surgery. ILM peeling
was performed without ICG. Two whitish dots above
the fovea indicate a superficial trauma to the nerve fi-
bre layer by the forceps used to grasp the delicate
transparent tissue

ficial petechial haemorrhages occur after ILM
peeling that vanish within 1-2 days. ILM-denud-
ed retinal areas lack their normal shiny reflex,
rather showing a whitish dull surface reflex.
This phenomenon will disappear within a few
days, indicating some regeneration of the
Miiller cell basement membrane [59, 61].

Eyes designed for ERM surgery ideally pres-
ent with these three types of membranous tis-
sue. In reality, however, we may face different
situations, such as: eyes lacking the posterior
vitreous layer, the posterior vitreous sheet may
be removed together with the ERM, or the ERM
plus ILM come off as a single sheet. ICG-guided
peeling has clearly shown, however, that only
parts of the adjacent ILM will be removed dur-
ing ERM peeling and significant remnants stay

behind. Thus, a second peeling procedure must
be performed to remove the remaining ILM in
the desired area. The surgeon must remember
the areas he already peeled and directly contin-
ue to remove the remaining parts.

There is no doubt that atraumatic and com-
plete ILM removal is extremely difficult without
extensive surgical experience. Even in the hands
of well-trained surgeons, iatrogenic damage by
the instrumentation happens. Inadvertent
pinches to the nerve fibre layer, retinal oedema
and focal haemorrhages and contusional RPE
lesions may occur (Fig.3.5). Retinal defects,
however, fortunately are an extremely rare com-
plication. In addition, control of the complete-
ness of ILM peeling in ERM cases is far more de-
manding in comparison to eyes with macular
holes. Intraoperative visualization using
supravital dyes (indocyanine green, trypan
blue) will allow much more easy, efficient and
controlled manoeuvres. Beyond these obvious
practical advantages, the use of visualization
aids has gained a high popularity. However,
from the scientific point of view and for safety
reasons, their application is still under debate
(see Sect. 3.6).

Summary for the Clinician

o Careful ERM peeling often reveals multiple
tissue layers

o The current understanding of pathologic
vitreoretinal interface changes in ERMs
allows a correlation between anatomic and
intraoperative findings

e During surgery, vitreous cortex remnants,
epiretinal proliferative tissue and ILM
material can be distinguished by their
specific characteristics

o Intended ILM peeling is advantageous with
respect to favourable visual outcomes and
prevention of recurrent membranes

o The use of visualization aids (ICG, trypan
blue, triamcinolone) as an intraoperative
tool allows an easier, more atraumatic and
complete tissue removal
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Alternative Surgical Techniques

Numerous observation systems are available for
vitreous surgery. Most surgeons use indirect
viewing systems (BIOM, EIBOS) in combina-
tion with high-resolution contact or non-con-
tact lenses (so-called macular lenses). Light
sources are either a handheld fibre optic or a
sclerotomy-fixed fibre optic.

Some surgeons, particularly in France,
favour the slit-lamp system for vitreous and
retinal surgery [6]. Originally used for retinal
detachment surgery, this technique has proven
advantageous for macular surgery as well. A slit-
lamp attached to the microscope plus a plano-
concave contact lens (type Kilp lens) allow a
high magnification of the central fundus and
excellent viewing of the vitreoretinal interface.
Mlumination of the macular area by a small,
slightly angled light beam causes reflections at
the vitreoretinal interface which increase visi-
bility of shiny and gliosed surface alterations.
Surgeons routinely using a slit-lamp micro-
scope for ERM surgery do not feel it necessary
to use dyes, because the different membranous
tissues (posterior hyaloid remnants, epiretinal
gliosis and ILM) can be distinguished by their
specific appearance and reflectivity [15].

So-called minimal invasive surgery reflects a
new trend in vitreoretinal surgery, particularly
for macular cases. According to the slogan:
“maximize the efficiency by saving operating
time and inducing less surgically induced trau-
ma”,a variety of techniques are under investiga-
tion.

Transconjunctival sutureless vitrectomy
techniques using 25-gauge instrumentation as
developed by de Juan, involve a reduction in di-
ameter by one-third in comparison to standard
20-gauge instruments and have proven to be ef-
fective for macular holes, ERM, and mild diabet-
ic retinopathy [23]. The technique has its limita-
tions with respect to a complete vitrectomy and
is time-consuming because of the small lumen
of the vitrectomy probe. Most surgeons using
the 25-gauge system limit vitreous removal to a
central core vitrectomy.

For selected macular pucker cases, mem-
brane peeling without vitrectomy was suggest-
ed [72]. A bent needle is introduced transcon-
junctivally and guided through the vitreous
cavity to the membrane. Similar to the tech-
nique first described by Machemer, the ERM is
separated from the retinal surface, but left
somewhere in the vitreous cavity. The goal of
therapy is to relieve foveal traction and avoid
postoperative lens changes. Basically, this pro-
cedure can be performed at the slit lamp or in
the operating room. In my experience, there are
only very rare situations in which one could
consider this technique: cases which present
with a typical opaque pucker membrane and
very distinct edges (chance to remove the mem-
brane in a single piece) and young patients (to
exclude the risk of cataract formation). The pro-
cedure appears somehow like a step backward, if
we take into account the current knowledge and
treatment concepts in vitreoretinal interface
disorders.

3.5
Studies on Idiopathic ERM Using
Advanced Peeling Techniques

3.5.1
Surgery for Minimal Variants
of ERM (mERM) by the Author

The refinements of instrumentation and ad-
vancement of peeling techniques initiated by
MHS raise the question of whether surgery for
ERM is safe and effective at an early stage of the
disease. The author investigated the functional
outcome after surgery for delicate ERM as de-
fined by the presence of a cellophane reflex with
or without fine surface wrinkling of the inner
retinal layers [5]. We called them minimal vari-
ants of ERM (mERM). Many patients remain
asymptomatic with such findings. Some cases,
however, suffer from visual deterioration and
disturbing metamorphopsia. Surgery on these
eyes using conventional techniques is often
frustrating: Difficulty in engaging the delicate
membranes can result in incomplete traction
relief, involving a high risk of producing iatro-
genic retinal lesions, and leading to unsatisfac-
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tory functional and anatomic results. The effica-
cy and risk/benefit ratio of combined ERM and
ILM removal on eyes with mERM was investi-
gated.

3.5.1.1
Patients and Methods

A total of 153 eyes underwent surgery for mERM
between March 1999 and February 2001. Pa-
tients were elected for surgery if they com-
plained about visual deterioration or had
binocular confusion (orientation in space and
reading disturbance). A standard three-port vit-
rectomy approach was performed. The peeling
manoeuvre included all membranous material
plus the ILM. Intraoperative ICG staining was
introduced in January 2001, and 15 out of 153
cases had dye-assisted peeling manoeuvres. All
primarily phakic patients over 50 years of age
had concomitant lens surgery with phako/IOL.
A total of 88% had a combined procedure
(phako/IOL/vitrectomy). Follow-up ranged
from 3 to 21.4months (mean 7 months). Main
outcome measures were far distance and near
vision (decimal lines), perception of metamor-
phopsia (Amsler chart), and patient satisfaction
(subjective score: satisfied — uncertain - dissat-
isfied). Pre- and postoperative functional re-

sults were categorized into three groups that re-
flected vision levels for practical life, such as
reading, car driving, artistic and other vision
demanding activities (e.g. hunting, golf): group
A £0.3 (= marked visual deterioration, no read-
ing ability, 32.3 %), group B 0.4-0.6 (= moderate
visual impairment, reading difficulties; 51.5%)
and group C < 0.7 (subjective blurred vision and
disturbing metamorphopsia, 16.1%).

3.5.1.2
Results

Preoperative visual acuity (VA) ranged from 0.1
to 1.0; two-thirds (67.6 %) of patients presented
with an initial VA of 0.4 and better. Intraopera-
tively, complete vitreous attachment necessitat-
ing surgical vitreous delamination was present
in 32.3%. In most eyes, two layers of membra-
nous material were identified: firstly, a soft elas-
tic one that was consistent with posterior cortex
remnants, and, secondly, the ILM. Only after re-
moval of the latter did the macular area regain a
smooth surface and the irregular reflex or fine
folds disappear. The excised ILM usually had its
typical transparent homogeneous appearance.
In several eyes, parts of the ILM showed a slight
opacity and thickening, suggesting that the ILM
was overgrown with some ERM on its vitreal

Fig. 3.6. Overall visual results

(distance and near vision) after
surgery for mERM

Oyvarall visuzl resulis

g =3
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side. Postoperative results are depicted in detail
in Figs. 3.6-3.10. In total, 90 % of patients experi-
enced significant reduction or complete disap-
pearance of metamorphopsia (Fig. 3.9). Visual re-
sults varied more widely: 46.5% improved (2
lines), 44.4 % remained stable (+1line),and 9.1%
decreased (2 lines) (Fig. 3.6). A final VA of 0.4 and
better was achieved in 83.8 %, equal to or better
than 0.7 in 43.4% of cases. Retinal detachment
occurred in 3% and was treated by pneumatic
retinopexy. One case progressed to PVR. Virtual-

Fig.3.7. Pre- and postoperative
percentage of eyes with severe
(group A), moderate (group B)
and minor visual impairment
(group C). With respect to dis-
tance vision, a significant shift
towards group B and C indicates
improved function for daily
practical life

Fig.3.8. Pre- and postoperative
percentage of eyes with severe
(group A), moderate (group B)
and minor visual impairment
(group C). Improvement of near
vision is comparable to distance
vision. About 85% of patients
have reading ability

ly all phakic eyes that had no lens surgery during
vitrectomy developed nuclear sclerosis and had
subsequent cataract surgery within 6-12 months
after vitrectomy. The major causes of functional-
ly unsatisfactory results were persistent (9%)
and newly postoperative new macular oedema
(5%) as revealed by fluorescein angiography or a
long history of blurred vision. Analysis of the pa-
tient’s subjective evaluation showed: 71.5% were
satisfied, 20.9 % were uncertain and 7.7% were
dissatisfied with the outcome.
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Fig.3.9. Postoperative analysis
of metamorphopsia, which was
a motive to seek therapy. Com-
plete absence or significant
diminution was achieved in
more than 80 %

Fig.3.10. Analysis of patient’s
satisfaction. Results strongly
correlate with postoperative
perception of metamorphopsia.
The absence of distorted images
was greatly appreciated, even if
no significant vision improve-
ment was achieved

3.5.1.3
Discussion

Previous reports on surgery for ERM address
the more advanced stages of the disease or in-
clude all variants from cellophane-type to puck-
er-type membranes. We focused on surgery for
minimal variants of ERM, i.e. ophthalmosopi-
cally transparent tissue. Accordingly, 67.6% of
eyes presented with an initial VA of 0.4 or better

and 16.1% even higher. Macular oedema was not
evident by ophthalmoscopy, but fluorescein an-
giography revealed some macular leakage or
cystoid oedema in one-third of the eyes.
Analysis of pre- and postoperative vision
among the three groups showed a shift from
group A towards group C (Figs. 3.7,3.8). In other
words, during the postoperative course, the per-
centage of eyes with initial poor or moderate VA
decreased (group A, B) and that with good VA
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Fig.3.11. Case example with mERM before and af-
ter membrane/ILM peeling. Preoperative ophthal-
moscopy (top left) and FAG (bottom left) revealed a
cellophane-type membrane with a subclinical cystoid
macular oedema, VA=o0.3. Postoperatively, cystoid

increased significantly (group C). The major
shift took place from group B to C. Far distance
and near vision behaved similarly, but near vi-
sion remained at a slightly lower level. Analysis
of individual cases showed that patients with
moderate visual loss (group B) for the most part
profit from surgery, whereas those with low ini-
tial vision (group A) often remained at a low
level. For eyes presenting with good initial VA
(group C), further improvement is limited.
Their clinical course is difficult to assess in the
diagram. Their visual results did not change sig-
nificantly; five out of six eyes remained at the
same vision level, one case showing a decrease
from 1.0 to 0.6. He did not complain, as meta-
morphopsia was no longer present.

We have learned that vision alone is an insuf-
ficient criterion for ERM patients, as metamor-
phopsia negatively affects the quality of vision
and is a major motive for seeking therapy.

macular oedema initially increased (top right), and
vision failed to improve. Acetazolamide was given
and macular oedema slowly resolved. Final VA was
0.6 six months postoperatively (bottom right)

Symptoms diminished or vanished in the vast
majority of cases. This was greatly appreciated
by the patients even if vision did not change sig-
nificantly.

Less than 10 % of cases lost some vision. An
equal number of patients had no improvement
of disturbing metamorphopsia. Two major
reasons were found: Firstly, postoperative mac-
ular oedema (persistent or new) was identified
by routine fluorescein angiography (FAG)
(Fig.3.11). Very slow, spontaneous resolution
was observed, over months. Medical therapy
with acetazolamide was given. Treatment
seemed to be effective, with the macular oede-
ma resolving within a few months. Secondly, an-
other subgroup of patients failed to improve
and complained of persistent metamorphopsia
despite a normal appearing macula and regular
FAG findings. They reported long-standing
symptoms and had poor initial VA. Delays in
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treatment obviously lead to irreversible macu-
lar tissue damage and prohibit functional re-
covery after surgical repair.

Vision threatening complications were rare:
No posterior breaks were noted. Five eyes devel-
oped postoperative rhegmatogenous retinal de-
tachment, which was successfully repaired in
four eyes by pneumatic retinopexy. One case de-
veloped PVR and had subsequent silicone oil
surgery. Initial VA was o.5 and dropped to o.1.
No recurrent ERM was observed during the en-
tire follow-up.

3.5.1.4
Conclusions

Minimal variants of ERM (mERM) can cause
significant subjective symptoms and show a
variable clinical course. There are no clinical
features that predict at which vision level the
disease will stop. For patients who suffer from
visual impairment and disturbing metamor-
phopsia, surgical treatment with advanced peel-
ing techniques should be considered independ-
ently from visual acuity. Delay in treatment
negatively affects the functional outcome after
surgery. Since vision threatening complications
are rare, early indication for surgery is justified.
However, there is a rate of 10% postoperative
macular oedema that may lead to a mild func-
tional decrease or a prolonged postoperative
course. This is of particular importance for pa-
tients with good initial VA.

We suggest the following criteria for recom-
mending surgery for patients with idiopathic
mERM: recent onset or recent progression of
symptoms and corresponding subjective com-
plaints. In our experience, functional recovery
takes a relatively long time, and final VA does
not occur earlier than a few months after sur-
gery. Patients should be informed about a possi-
ble enduring postoperative course. From the
time when we introduced intravitreal applica-
tion of 4 mg triamcinolone acetonide as a rou-
tine at the end of surgery (January 2002), the in-
cidence of postoperative macular oedema dec-
reased significantly and visual recovery oc-
curred much earlier.

Summary for the Clinician

e Disturbing metamorphopsia, visual
deterioration, and binocular disturbance
(reading, orientation in space) are major
ERM-related symptoms and motivate
patients to seek therapy

e Function, as a surgical indication, has
gained in relevance as a result of improve-
ments in vitreous surgery. ERM removal
can be considered a relatively safe
procedure today

e Visual acuity alone is no criterion
for/against surgery in a patient with ERM.
The patient’s demands regarding his vision
in daily life and expectations regarding the
postoperative result should be taken into
account

e Patients with moderate visual loss, recent
onset of symptoms, or progression are the
best candidates for ERM surgery

¢ Functional outcome in patients with poor
initial VA or long-standing disease is
dissatisfying

e Postoperative persistent or new macular
oedema has an important impact on the
postoperative course and visual outcome.
Intraoperative application of 4 mg
triamcinolone has proven efficient in
preventing postoperative macular oedema
and enables early visual rehabilitation

3.5.2
Other Studies

Since surgical specimens of ERM often demon-
strate varying degrees of ILM, the question aris-
es as to whether intentional and complete ILM
removal has an impact on the functional and
anatomic outcome. So far, the pathophysiologi-
cal response of the retina and Miiller cells after
ILM removal is not known. Histologic findings
in an eye after a postdetachment pucker peeling
revealed a very thin renewed ILM with few glial
cells in the area previously peeled [59]. Clinical
findings after ILM peeling show a sharp delin-
eation at the margin of the ILM peeling zone
and give the impression that the ILM-denuded
retinal surface is somewhat thinner. Sivalingam
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et al. [77] performed a clinicohistopathological
study and found that functional results after
ERM surgery were worse when the specimen
showed large segments of ILM.

In MHS, there is a general consensus that
ERM should be removed if present. The necessi-
ty of routine ILM peeling, however, is still under
debate. The fact is that anatomic success rates
using this manoeuvre have never been that
good and have approached almost 100 %. Sever-
al clinical studies on intentional ILM removal
during MHS did not reveal any adverse effect on
vision. Brooks [9] reported even better func-
tional results in comparison to conventionally
treated eyes.

Similarly, a recently published clinical report
on ERM surgery with and without ILM peeling
demonstrated no adverse effect of ILM removal
[62]. Visual acuity improved or was unchanged
in all patients with ERM plus ILM peeling in
comparison to 79 % in eyes with ERM removal
only. Furthermore, 21% of eyes in the latter
group showed evidence of persistent traction at
the inner retinal surface or some recurrent
ERM. None of the eyes in the ILM peeling group
had these symptoms. The major outcomes of
this study - favourable functional results and no
recurrences - are consistent with the results of
our study.

As a synopsis, there are obvious analogies
between ERM and MH with respect to ILM peel-
ing. Both entities share common pathologic fea-
tures with respect to the vitreoretinal interface,
such as varying degree of ERM formation and
subtle ILM alterations. Benefits include: firstly,
ILM peeling does not negatively affect postop-
erative vision; secondly, we achieved maximal
traction relief and obviously removed the scaf-
fold for reproliferation. As a result, we observed
virtually no recurrences after ERM surgery and
no reopenings after MHS.

3.6
Visualization Aids in Pucker Surgery:
Terrific Surgical Tools or Harmful Agents?

ILM peeling plays an increasingly important
role in vitreoretinal interface disorders. Using
this technique, primary anatomic success rates
in MHS approach 100 % [9], control of macular
oedema can be achieved in various diseases,
and a favourable outcome after pucker surgery
has been described [62]. So far, there is no evi-
dence that ILM peeling itself causes a deleteri-
ous effect on retinal function. On the other
hand, the technique of ILM peeling remains a
challenge for the vitreoretinal surgeon.

The introduction of intravitreal dyes was a
breakthrough as a method of dealing with this
problem. ICG was used initially, followed by try-
pan blue. The new manoeuvres, which allow a
better visualization of vitreoretinal interface
structures, were immediately taken up by the
surgeons. There is a consensus that dye-en-
hanced vitreous surgery allows faster, more
complete, precise and atraumatic removal of the
ILM. Furthermore, these techniques demon-
strate vitreoretinal interface relationships not
previously verifiable in terms of clinical exami-
nation. Insecurity and hesitation arose, howev-
er, when first reports on potential toxicity of
ICG were published. In fact, ICG safety studies
are lacking. Despite the tension between the ob-
vious practical advances and the possible vi-
sion-threatening side effects, the subject has
been discussed dispassionately in the current
literature and during meetings.

3.6.1
Indocyanine Green

Peeling of delicate membranes and ILM peeling
include an intrinsic risk of damaging the retina
and RPE, particularly with lack of experience or
aggressive handling of the translucent structures.
Nerve fibre injuries, retinal haemorrhages and
oedema, retinal holes, and RPE damage may oc-
cur, which negatively affect visual outcome. This
is of particular significance during the learning
curve of this technique. Intravitreal ICG applica-
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Fig.3.12. ERM surgery with advanced peeling tech-
niques and use of ICG: After vitrectomy and vitreous
delamination, ICG was applied to the posterior pole.
A weak, patchy staining pattern only is visible (fop
left). A large transparent ERM is removed (top cen-

tion for the purpose of visualizing the vitreoreti-
nal interface was a breakthrough and allows easy
and safe peeling manoeuvres (Fig. 3.12).

ICG is a frequently used dye with a long his-
tory of safety after intravenous administration,
e.g. for ICG angiography. It binds quickly to
proteins, particularly to serum albumin. Leak-
age in the retina and beneath the RPE has never
been shown to cause any tissue damage. Intact
cell membranes do not allow the dye to enter the
cells. Furthermore, ICG has been introduced in
cataract surgery to stain the lens capsule and to
allow a controlled capsulorrhexis in difficult
cases. In anterior segment surgery no toxic ef-
fect has been demonstrated, neither in vitro nor
in vivo [34, 35].

ICG dye for vitreous surgery was described
first in 1999/2000 [39, 37, 10]. At first, this tech-
nique was proposed for ILM peeling in MHS.
The idea was taken up quickly and enthusiasti-
cally by retinal surgeons and has become rou-
tine in most operating rooms. Meanwhile so-
called ICG-guided vitreous surgery has
expanded to other indication groups, such as
macular pucker, proliferative vitreoretinopathy,
and macular oedema of various origins. It has

A

tre). Delicate folds in the macula persist (top right).
Another ICG injection is performed and a homoge-
neous staining of the inner retinal surface achieved
(bottom left), which allows atraumatic and complete
ILM removal (bottom centre, right)

been proven to stain vitreous collagen and the
ILM selectively, but not epiretinal proliferative
tissue [25,10] (Fig. 3.12). Recently, however, a de-
gree of uncertainty and scepticism arose when
certain clinical studies and experimental data
hinted at the potential toxicity and other side ef-
fects of intraviteally applied ICG.

Experimental studies showed possible RPE
cytotoxicity, which may be especially relevant in
MHS, where the RPE is directly exposed to the
dye [76, 82,33, 43]. Morphologic findings after ex-
perimental intravitreal injections into non-vit-
rectomized rat eyes [17] and ultrastructural find-
ings of surgically excised ILM material [26, 27]
suggest potential retinal toxicity. Clinical data on
possible ICG-related side effects showed unusu-
ally frequent RPE changes after MHS [18]. Fur-
thermore, less favourable functional outcomes
after both MHS and pucker surgery were ob-
served in ICG-exposed eyes compared to those
without using the adjuvant [29,30]. Other studies
did not confirm a negative impact on visual re-
sults after macular pucker and MHS [81, 42, 69].

The current scientific information on ICG
toxicity is difficult to evaluate. There are two
major problems: (1) there is no agreement as to
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how to apply the dye and what kind of ICG
preparation should be used. Thus, its applica-
tion is in fact experimental. Concentration of
ICG solution varies from 0.05% to 0.5%. Vari-
ous amounts of aqueous solvent and subse-
quent dilution either with BSS or glucose are
used. Some surgeons irrigate the solution over
the retinal surface in a BSS-filled eye; others in-
ject the dye after fluid/air exchange. Since ICG
binds to the retinal surface very quickly, most
surgeons immediately rinse the eye and remove
the surplus. Others suggest a prolonged contact
time up to 2 min in order to increase the stain-
ing intensity. (2) Adverse effects indicating reti-
nal or RPE toxicity were found in experimental
settings. Prolonged exposure times of ICG solu-
tion to the retinal surface (>5min) and high
concentrations (0.5 mg/cc and more) were nec-
essary to achieve pathologic alterations. Hypo-
somolarity of conventionally prepared ICG
(ICG powder dissolved in aqueous and diluted
with BSS) has shown in vitro toxicity to the
RPE, suggesting that isotonic infracyanine
should be used [82].

Such experimental conditions are hardly
comparable to the clinical situation. This is why
the majority of surgeons suggest that ICG is safe
for clinical use. Large randomized comparative
series with a standard surgical technique and
specific protocol of ICG preparation are war-
ranted. We worked on various ICG solutions to
achieve a pH-neutral, iso-osmolar 0.1% solu-
tion. We inject only as much as is needed and
immediately wash out the dye. Careful observa-
tion has shown no anatomic or functional side
effects. This is in agreement with other compar-
ative clinical studies [42, 69].

Some other new ICG-related phenomena
were observed after intraocular injection for
pucker or MHS: Infrared scanning laser oph-
thalmoscopy revealed that retention of the dye
was demonstrable over months. No negative ef-
fect on retinal function was observed, but the
long-term clinical significance remains unclear
and should be carefully looked at [90, 1, 50, 86].
Photocoagulation with an infrared (810-nm
diode) laser showed an enhanced uptake of
laser energy in stained areas, resulting in more
intense and superficial laser burns [4]. Similar-
ly, potential light toxicity dependent on the

spectral output of various light sources utilized
for vitrectomy must be considered. An overlap
between the absorption of ICG and the emis-
sion curve of the fibreoptic light (600-800 nm)
may result in a photodynamic effect [31, 27].

Summing up the current toxicity controver-
sy: The scientific data on ICG-assisted vitreous
surgery is inconsistent. Nonetheless, we can
draw some preliminary conclusions from the
aforementioned studies. ICG is not an inactive/
inert substance, but has potential side effects.
Toxicity and less clearly defined adverse effects
related to the intravitreal application of ICG
have been seen to correlate with high concen-
trations, use of hypo-osmolar preparations,
long exposure time to the retina, direct contact
to the RPE layer, and prolonged endoillumina-
tion by endo-optics. Negative effects may accu-
mulate and actually cause retinal/RPE damage
in some eyes [32].

Unquestionably, the technique of ICG-assist-
ed vitreous surgery facilitates controlled peel-
ing of ERM and the ILM and makes proper and
atraumatic manoeuvres easier, safer, and faster,
leading to better anatomic results. The staining
pattern allows differentiation between vitreous
cortex and ILM (positive staining) and epireti-
nal gliosis (negative staining). Since ERMs are
characterized by a negative ICG staining pat-
tern, a repeated dye application after epiretinal
membrane peeling may be useful to outline
residual proliferative tissue and the ILM. We
prefer this method because we intend to remove
both tissue structures, the ERM and the ILM
during pucker surgery. Doubtlessly, the peeling
manoeuvre is more complete in ERM surgery as
well as in MHS.

Furthermore, ICG-assisted vitrectomy pro-
vides new information about clinically applica-
ble vitreoretinal relationships. The clinical ad-
vantages are striking and surgeons will not do
without it once they have performed ICG-guid-
ed vitreous surgery. However, the window of
safety is not exactly known. It is urgent to work
on the critical question of ICG toxicity. Further
investigations must result in a standardized
protocol for ICG preparation and recommenda-
tions for its application. According to our clini-
cal experiences, the benefits will certainly out-
weigh the risks.
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3.6.2
Trypan Blue

As ICG was introduced for capsular staining in
complicated cataract surgery, trypan blue was
concomitantly suggested for the same purpose
[54]. Trypan blue 0.3 % has been used for many
years to examine endothelial cell viability of or-
gan-cultured corneas prior to corneal trans-
plantation without evidence of toxicity. Suffi-
cient visualization of the lens capsule during
capsulorrhexis in eyes without a red reflex is
achieved using a 0.1% solution. Meanwhile,
0.06 % trypan blue is commercially available for
this purpose.

As with ICG, the option to use trypan blue for
dye-enhanced vitreous surgery came into be-
ing. Veckeneer et al. [89] investigated trypan
blue in vitro and found a dose-dependent stain-
ing of ERM. Furthermore he performed toxicity
studies in rabbit eyes in a gas-compression vit-
rectomy model. At 4 weeks after intravitreal in-
jection, he found no morphologic or functional
alterations using 0.06 % trypan blue. However,
after having given 0.2%, damage to the outer
retina was observed. Stalmans [83] did not de-
tect any sign of toxicity in human RPE cultures
up to 0.3%. Based on the current scientific data,
0.15% trypan blue solution is now commercial-
ly available for vitreous surgery in Europe.

The application method for trypan blue dur-
ing vitrectomy is relatively uniform: a sufficient
staining intensity is achieved by applying a few
drops of the dye onto the macula or any area
with ERM in a temporarily air-filled eye. Some
surgeons wait for 1 min; others aspirate the sur-
plus immediately before an air-BSS exchange is
done. If trypan blue is used in a fluid-filled eye,
the dark colour of the dye inhibits visualization
of the intraocular structures and the increased
dilution gives a less favourable surface staining.

Clinical experience has shown that staining
of ERM is far more intense than staining of the
ILM or vitreous remnants. Furthermore, the
colouring intensity was found to be variable in
different clinical situations, e.g. trypan blue
staining in fresh,immature membranes was less
intense in comparison to mature membranes
[19]. Thus, the staining pattern of trypan blue is

different from ICG and less specific. The latter
has shown a strong affinity to vitreous gel and
the ILM, but spares proliferative tissue.
Nonetheless, there is general consensus that im-
proved visualization and delineation of mem-
branous structures is achieved, which enables
the surgeon to perform more complete tissue
removal and minimizes the risk of inadvertent
damage to the retina.

Clinical studies on trypan-blue-assisted
peeling manoeuvres include macular pucker,
PVR and MHS [19, 64, 65, 44]. No apparent side
effects were observed. Histologic and immuno-
histologic findings on specimens obtained in-
traoperatively did not differ from those re-
moved without the aid of dye [44]. Although
trypan blue seems to be safe in the aforemen-
tioned clinical settings, further studies on its
safety are required.

3.6.3
Double Staining Technique

Trypan blue and ICG may have complementary
staining properties: ICG binds more selectively to
the ILM, whereas trypan blue shows a high affin-
ity to mature ERM. Based on these experiences,
Stalmans reported on a double-staining tech-
nique using both vital dyes [84]. Intraoperatively,
epiretinal tissue and the ILM were clearly distin-
guishable. This clinical observation was con-
firmed by histologic examination of the excised
tissue. Whether the double staining technique is
a tool to achieve optimal anatomic results and
presumably improve functional recovery needs
to be investigated by additional studies.

3.6.4
Triamcinolone Acetonide

Within the past 3-4 years, intraocular injection
of triamcinolone acetonide (TCAC) is increas-
ingly being used for various ocular diseases.
Apart from its therapeutic anti-inflammatory
and anti-exudative effects, intraoperative appli-
cation of the crystalline particles has been use-
ful to visualize the transparent vitreous and to
obtain a more complete vitreous separation and
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Fig.3.13. Triamcinolone acetonide as an adjunct to
vitreous surgery: Injection at the end of the proce-
dure (top left). The cortisone crystals may enter the
anterior segment, particularly if combined lens/vitre-
ous surgery is performed (top right). Slit-lamp exam-
ination on day 1 after surgery usually shows minimal

removal [66]. This has proven a highly valuable
tool in eyes with pathologic vitreoretinal adher-
ence (high myopic and diabetic eyes). Recently,
TCAC-assisted vitrectomy was applied to puck-
er, MH and PVR cases also in order to visualize
the posterior hyaloid, cortical remnants, and to
outline ERM and peeled areas [71, 24, 40]. Ad-
verse effects were not observed. On the con-
trary, there was evidence that postoperative
breakdown of the blood-ocular barrier was sig-
nificantly lower in comparison to vitrectomy
without TCAC [71] (Fig. 3.13). Postoperative in-
flammatory response may be reduced by resid-
ual TCAC left in the eye. TCAC is a useful ad-
junct during vitrectomy for selected cases;
however, its supplementary anti-inflammatory
effect remains to be established.

L

surgical inflammatory reaction (bottom left) and fun-
dus examination reveals particles on the retinal sur-
face dependent on the patient’s position. Note that the
ILM peeled area is outlined (bottom right) by accu-
mulated crystals

Summary for the Clinician

e Complete traction relief during pucker
surgery is believed to be a precondition for
good functional results. Intended ILM
peeling is a tool to achieve this goal, but
remains a technical challenge to the
surgeon

e Visualization aids (ICG, trypan blue,
triamcinolone) enable the surgeon to
perform a more complete tissue removal
and minimize the risk of inadvertent
retinal damage

e From the practical point of view, dye-
enhanced membrane peeling facilitates
controlled and meticulous peeling
manoeuvres on a delicate transparent
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structure. Extensive surgical experience
and perfect optic conditions can hardly
compensate for improved visualization
and tissue identification by their specific
staining patterns

¢ From the scientific point of view,
intravitreal application of dyes, particularly
ICG, is still under debate, because the win-
dow of safety is not proven

3.7
New Indications for ERM and ILM Peeling

3.7.1
ILM Peeling in PVR Surgery

ERM formation is pathognomonic for PVR de-
tachment and frequently involves the macular
area. Recurrent membranes occur in up to 30 %
and remain the major cause of failed PVR sur-
gery. Thorough and complete membrane re-
moval is crucial to reattach the retina and to re-
duce the incidence of recurrent PVR. On the
assumption that complete membrane removal
will be achieved using ILM peeling techniques,
and that this technique results in maximal trac-
tion relief, it seems a logical approach to consid-
er ILM peeling in PVR cases.

Based on these considerations, Lucke first re-
ported his clinical experiences [46]. ICG was
used to distinguish between ILM and preretinal
membranes. We observed the following intra-
operative peculiarities: sand dunes, indicating
intraretinal shrinkage and stiffening that disap-
pear after posterior ILM removal. Enhanced re-
laxation results in a smoother and easier reat-
tachment. The ICG staining pattern in the
peripheral retina allows the identification of ar-
eas in which epiretinal membranes are present
or not. Restaining can outline residual mem-
brane edges that necessitate further peeling. In
posterior PVR with starfolds outside the vascu-
lar arcades, one may be able to remove the ILM
adjacent proliferative tissue. Initially, distorted
retinal tissue flattens, while afterwards there is
no visible contraction.

In addition, several postoperative findings
were noted: No eye revealed an epimacular glio-
sis, which otherwise is a frequent finding (10 %)

Fig.3.14. PVR C2 after vitrectomy for rhegmatoge-
nous RD. Prior surgery had been performed with ILM
peeling. Note the macula appears normal and is at-
tached. VA was 1.0. The remaining retina is complete-
ly detached

after conventional PVR surgery. Recurrent PVR
developed in a few cases. This was caused by
new membrane formation in areas previously
not peeled. In other words, no recurrent
membranes were seen in those areas of ILM de-
lamination, neither centrally nor peripherally
(Fig. 3.14). Some eyes with recent-onset, but ad-
vanced, PVR with macula involvement regained
surprisingly good visual acuity (0.3-0.5). Our 2-
year experience using this technique shows that
ICG-assisted PVR surgery facilitates more thor-
ough membrane removal and effectively pre-
vents recurrent membrane formation. Most im-
portantly, improved anatomic restoration of the
central retina obviously results in improved
functional recovery.

Trypan blue is another substance used for
dye-assisted PVR surgery. The staining pattern
of trypan blue applied to the vitreoretinal inter-
face differs from the ICG staining pattern. A pi-
lot study on ten eyes by Feron et al. [19] stated
that trypan blue created a sufficient contrast be-
tween stained ERM and a non-stained retinal
surface to facilitate precise and safe ERM peel-
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ing. However, staining intensity was found to be
variable, particularly in early PVR with imma-
ture membranes. This pilot data was supported
by several others, who have recently presented
their clinical findings at international vitreo-
retinal meetings.

3.7.2
ILM Peeling During Vitrectomy
for Rhegmatogenous Retinal Detachment

Cellophane membranes and macular pucker af-
ter surgery for retinal detachment (RD) is a
common finding. The reported incidence varies
considerably, depending on the method of in-
vestigation: Clinically obvious pucker forma-
tion occurs in 4-8 %, whereas careful ophthal-
moscopy reveals about 46 % and the histology
of eyeballs shows ERM formation in 76%
[41, 91]. The functional significance of minor
ERM in eyes with initially macular-off detach-
ments is difficult to estimate. Such eyes rarely
regain full vision. However, metamorphopsia is
a relatively reliable symptom in ERM-related
pathologies.

Currently, there is an exciting debate about
the most advantageous treatment for RD: buck-
le or primary vitrectomy? Although the ques-
tion remains to be answered, there is a clear
trend towards vitrectomy not only for compli-
cated, but also for so-called simple, retinal RD.

In our institution, all RD patients over
5oyears and all pseudophakic eyes are treated
by vitreous surgery. ILM peeling as an addition-
al manoeuvre was introduced in 2002. A com-
parative analysis (consecutive series, single sur-
geon) was carried out to compare the results
without (group A) and with ILM peeling (group
B). Baseline data (age, sex, preoperative vision)
were similar in both groups with the exception
of a shorter follow-up and a higher rate of si-
multaneous cataract surgery/IOL implantation
in the ILM-peeling group (group B).

Major findings are as follows (group A
vs. group B): follow-up was 21months and
6 months. Primary reattachment was achieved
in 90% and 93%, final attachment in 100%
each. Postoperative PVR occurred in 6.7% and
7.7 %. Median visual acuity improved from 0.08

Fig.3.15. Fundus and OCT picture of an eye 6 weeks
after vitrectomy for rhegmatogenous macula-off RD.
VA has improved from LP to 0.8. The fundus appears
normal with no sign of macular oedema or ERM for-
mation. OCT findings show minor tissue irregulari-
ties within the foveola pit, but otherwise a normal
profile

to 0.39 and from 0.05 to 0.4. At the end of follow-
up, 93% of eyes were pseudophakic in both
groups.

Significant differences in both groups are
found by looking more closely at the data. Tak-
ing into account the considerably shorter
follow-up in group B, visual recovery obviously
occurs much faster in ILM-peeled eyes. Further-
more, clinically significant macular alterations
were found in 20% of group A (macular oede-
ma, ERM), but only 5% of group B (macular
oedema only). Some particular findings are de-
picted in Figs. 3.14 and 3.15.

The main conclusions from this pilot study
are: ILM peeling during vitreous surgery for RD
may lead to fast visual recovery, reduce the inci-
dence of postdetachment CME and prevent
ERM formation. However, PVR cannot be
avoided and seems unaffected by additional
ILM peeling. Since visual recovery after macu-
lar-off RD takes many months, long-term fol-
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Fig.3.16. Scenes from a combined lens surgery/vit-
rectomy procedure: After the phako/IOL part, surgery
is continued in the posterior segment. Optic media
are absolutely clear. The eye is stable even in the case

low-up is necessary to assess the potential of
ILM peeling for the anatomic restoration and
visual recovery. It is important to mention that
primary macula-on RD cases will also profit
from fewer secondary macular complications,
such as oedema and ERM.

Summary for the Clinician

e Epimacular ERM formation is a common
finding in postdetachment eyes, and
ubiquitous epiretinal growth is patho-
gnomonic for PVR

e Preliminary results on removal of
epimacular cellophane membranes and
the ILM during surgery for rhegmatoge-
nous retinal detachment indicate an im-
proved functional outcome and the preven-
tion of postoperative puckers

e Intended ILM peeling during surgery for
PVR results in an enhanced traction relief
in comparison to ERM removal only and
shows no membrane recurrences in those
areas in which the ILM has been removed
previously

e Whether improved anatomic macular
findings observed after ILM peeling in RD
and PVR cases correlate with less cystoid
macular oedema and better visual results
remains to be investigated

of deep indentation. Corneal transparency and IOL
position are maintained until the end of surgery with
air tamponade

3.8
Surgery for ERM and Cataract

The vast majority of patients designed for ERM
removal are soyears and older. Subsequent
cataracts will occur in up to 100 % [53,12]. In our
experience, final and permanent VA is achieved
3-6 months after pucker surgery. By the time the
retina recovers and vision improves, cataract
development begins and contributes to sub-
stantial visual loss again. In primary phakic
eyes, stable postoperative vision is usually not
attained until cataract surgery is performed. For
these reasons we strongly recommend simulta-
neous lens surgery combined with vitrectomy
for ERM cases.

Combined phaco/in-the-bag-IOL/vitrecto-
my is a routine procedure in our institution.
Within the past 10 years, more than 3,500 such
procedures have been carried out. An institu-
tional analysis for selected indications (diabetic
vitrectomies, pucker surgery, retinal detach-
ment) has shown that outcomes are com- para-
ble to those for sequential surgery. This was
confirmed by some small case series [75, 80].
With regard to surgery for mERM, we found
that visual results were similar in phakic eyes
treated with combined phaco-/vitrectomy and
primary pseudophakic eyes that had vitrectomy
alone. Since postoperative macular oedema oc-
curred in both groups equally, this could not be
attributed to the phaco/IOL part of surgery.
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A combined approach offers several further
advantages: Firstly, cataract surgery using small
incision techniques and foldable IOLs is easy
and almost non-traumatic to the anterior seg-
ment (Fig.3.16). Cataract surgery in vitrec-
tomized eyes with an advanced nuclear scle-
rosis, however, is unquestionably more chal-
lenging and includes a higher risk of capsular
complications. Secondly, lens surgery preceding
the vitrectomy part provides an excellent view
of the fundus. In my opinion, visualization of
the macular structures is even better than in
phakic eyes with clear lenses. Thirdly, from the
patient’s viewpoint, ocular morbidity and visu-
al rehabilitation are considerably reduced. Si-
multaneous surgery offers the possibility that
the initial problem the patient presents with,
which is the ERM, can be solved with a single
surgical procedure. From the patient’s view-
point, the experience of visual deterioration
again as a result of lens opacification, waiting
for a second operation to be done and a second
phase of postoperative care - these unpleasant
time-consuming events can be avoided by a pri-
mary combined surgical approach.

Summary for the Clinician

e (Cataract is the most frequent cause of
visual deterioration after ERM surgery.
Patients profit from stable and permanent
visual improvement only once cataract
surgery is performed

e Combined small-incision phaco- with
foldable lenses and vitrectomy maximizes
surgical visualization of the posterior
segment and avoids the need for patients
to undergo a second procedure for cataract
extraction soon after vitreoretinal surgery

e We recommend vitrectomy in conjunction
with phaco/IOL in all eyes with cataractous
lenses and all patients aged over 50 years,
even if they show a clear lens
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Is There Sufficient Evidence to Support Transpupillary
Thermotherapy for Age-Related Macular Degeneration?

JOHANN ROIDER

e Based on current data there is little
evidence for the superiority of trans-
pupillary thermotherapy in age-related
macular degeneration (AMD) over conven-
tional laser treatment

e It cannot be ruled out that most authors
describe the natural course of occult
choroidal neovascularisation (CNV) or
complications of “overtreatment”

e Transpupillary thermotherapy may be
effective in the future, when a heat-specific
sensibility of choroidal neovascular tissue
has been shown and temperature control
of the tissue during irradiation can be
achieved by online feedback mechanisms

4.1
Introduction

Age-related macular degeneration (AMD) is the
leading course of blindness in the Western
world. Choroidal neovascularisation (CNV) is
the reason for a rapid loss in visual acuity in
most cases. Established therapeutic options are
laser treatment, surgery and PDT. In most cases
therapeutic options exist only for classic choroi-
dal neovascularisations. However, more than
80 % of CNVs are occult choroidal neovascular-
isations. Conventional continuous wave (CW)
laser photocoagulation is mostly used for ex-
trafoveal choroidal neovascularisations. A com-
plete destruction of all retinal layers is the price

for a cessation of the growth of the choroidal
neovascularisation. Transpupillary thermother-
apy (TTT) is a new treatment which was first
published by Reichel et al. in 1999 [16]. Sixteen
eyes with occult CNV were treated by trans-
pupillary thermotherapy. The follow-up period
varied between 6 and 24 months. Three out of 16
eyes were classified as better, 9/16 as equal and
4/16 as worse [16].

4.2

Mechanism of Conventional Continuous
Wave Photocoagulation and Transpupillary
Thermotherapy in AMD

Using CW laser photocoagulation of choroidal
neovascular membranes, the area of CNV is ir-
radiated by a laser beam of typically between
200 and 500 pm. In most cases a green laser
(514 nm or 532 nm) is used. Pulse durations are
typically between 200 and 500 ms. Laser power
is adjusted to produce a chalk-white lesion. A
laser power of 500-1,000 mW is usual. With
these laser parameters the CNV is confluently
treated spot by spot.

These laser parameters correspond to a pow-
er density of 200-400 W/cm?. If the laser beam
is focused on the CNV, laser energy is absorbed
by the melanin granules, mainly located within
the retinal pigment epithelium (RPE) and addi-
tionally located in clusters within the choroid.
Laser energy is transformed to heat and all sur-
rounding tissues are thermally destroyed. The
goal of the laser treatment is thermal necrosis of
the choroidal neovascular complex. Based on
the power settings, the temperature within the
tissue can be calculated relatively accurately [7,
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18]. With power settings of, e.g.200 W/cm?, peak
temperatures of 100-150 °C occur within the tis-
sue, especially within the CNV [6,18].

Summary for the Clinician

e Conventional CW laser photocoagulation
is mostly used for extrafoveal choroidal
neovascularisations

o The goal of such laser treatment is thermal
necrosis of the choroidal neovascular
complex

In transpupillary thermotherapy (TTT) of
AMD, an infrared (810 nm) diode laser is used.
Exposure time is significantly longer, typically
60s.In TTT the whole area is treated by a single
large laser port, e.g. of 2 mm diameter. Laser en-
ergy should be chosen so that no blanching or
only a slight greying of the retina is seen during
treatment. A power of 500 mW is usual for such
a spot diameter. These energy settings corre-
spond to a power density of about 12.5 W/cm?.
Due to the linearity of the heat conduction
equation
i 9T _ oVT(r, )=S0
ot pc

the peak temperature is related linearly to the
power density [8, 18]. Therefore peak tempera-
ture elevations of about 5-10 °C can be estimat-
ed in the tissue where laser energy is being ab-
sorbed. Temperature elevations of 5-10°C do
not regularly produce a thermal coagulation.

4.3
Clinical Results
of Transpupillary Thermotherapy

Initial results were published by Reichel and co-
workers in 1999 [16]. Reichel treated 16 eyes with
occult CNV by transpupillary thermotherapy.
The follow-up period varied between 6 and
24 months. Three out of 16 eyes were classified
as better, 9/16 as equal and 4/16 as worse. Preop-
erative visual acuity was below 0.125 in 11/16 and
0.25 in 4/16. Newson et al. published similar re-
sults in 2001 from 44 eyes [15]. They treated both
classic (n=12) and occult CNV (n=32). With a
mean follow-up period of 6 months about 75%
were occluded. In the follow-up period a variety
of studies have been published. Table 4.1 sum-
marises the main results from various papers.

Hardly any of the papers report prospective
or controlled studies. No studies are ran-
domised, nearly all being retrospective analy-
ses. Nearly all papers report a follow-up period
of 6-12months. A common finding by these
studies is that visual acuity is stable in about
60% and worse in about 25% after 6 months.
After 1year the situation has become worse.
Only 30-40% of eyes are only stable in visual
acuity.

Despite the initial findings of the harmless
nature of this treatment, a variety of complica-
tions are described in the literature. Algevre de-
scribed complications in 46 out of 113 eyes [2].
The most common findings were progressive

Table 4.1. Visual acuity after treatment of choroidal neovascularisations by transpupillary thermotherapy

(n.i. no information)

Year of Eyes
publication

Reichel et al. [16] 1999

Rougier et al. [20] 2002 45
Kim et al. [11] 2002 58
Sanders et al. [21] 2002 78
Algevre et al. [2] 2003 113
Haas et al. [10] 2003 14
Atarashi et al. [4] 2004 19

period (months) (<3 lines) (3 lines)
6-24 56 % 25%
n.i. >60% n.i.

6 72% n.i.

12 n.i. 43.3%
12 41% 51%

18 11% 55%

8.8 64 % 18%
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fibrosis in 18 eyes and atrophy of the RPE in
13 eyes [2]. Chorioretinal atropy was also de-
scribed by Lanzetta [12] and Auer [1]. Benner
has described marked whitening and closure of
the perifoveal capillaries in two cases [15]. Ya-
maji described a closure of the retinal capillar-
ies in 48 % of 48 patients treated [24]. Even oc-
clusion of choroidal vessels was described.
Dosimetry is repeatedly described as a problem
in daily routine. Blanching of the retina or
choroidal bleeding can occasionally be found.

4.4
Discussion

Transpupillary thermotherapy (TTT) is a novel
therapy. However, its value in clinical practice is
unclear. Despite the lack of controlled studies it
is widely used. The application in daily routine
is based on small studies, which are all short-
term, non-randomised and in most cases retro-
spective studies. Figure 4.1 shows the sponta-
neous course of classic and occult CNV over a
period up to 5 years. These data are based on the
TAP and MPS studies, all well-controlled,
prospective and randomised studies (e.g. [22],
[13]). After 6 months about 60% of the pati-
ents were stable within two lines. After 1year
about 44 % were stable. These data are not much
different from the data which are presented by
the publications on transpupillary thermother-
apy.

Some publications describe significant dam-
age to the retina after TTT as mentioned above.
The interaction mechanism of transpupillary
thermotherapy is under debate. Based on the
physical parameters a uniform heating of all tis-
sues around the CNV can be assumed. Fig-
ure 4.2 shows the axial temperature profile from
milliseconds up to seconds. It can be assumed
that over a duration of 60s, as used in
transpupillary thermotherapy, after only a few
seconds all the tissues around the choroidal
CNV are uniformly heated and held at a fixed
temperature for 6os. This means that no
temperature-specific selectivity, or only a mar-
ginal small specific tissue effect, exists. There
is no specific spatial selectivity between the
choroidal neovascular tissue and the adjacent

neural retina and choroid. Based on the physical
parameters, temperature elevations of about
5-10 °C seem to be reasonable [14,18]. The tem-
perature elevations are in accordance with cur-
rent temperature models of the retina, which
are also validated by animal models [6]. Tem-
perature elevations of 5-10 °C are on the border
of thermal denaturation of biological tissue, as
can be derived by Arrhenius’ law [3].

Such threshold effects can produce tissue
damage or no damage. Threshold effects are
those which produce a biological response in
50%. In considering of these physical facts, the
clinical findings as described in the literature
can be explained. In many cases no biological
tissue effects occur, which leads to a sponta-
neous course of CNV after treatment. The ’suc-
cess rates’ of TTT of 60 % after 6 months (stabil-
isation of visual acuity) are in accordance with
the natural course. In other cases a tissue effect
occurs. This leads to thermal tissue necrosis of
all tissues of the retina. The findings of chori-
oretinal atropy, closure of the retinal capillaries,
occlusion of choroidal vessels or blanching of
the retina can easily be explained by thermal
damage, as a result of the uniform heat conduc-
tion to surrounding tissues.

Recently the production of heat shock pro-
teins has been claimed as being the basis for the
effectiveness of transpupillary thermotherapy
[14]. Heat shock proteins (e.g. HSP70) are not
retina-specific proteins. They are produced
everywhere and have been well investigated in
all fields of medicine, e.g. in lesions after burns
of the skin. HSPs are produced if the cell is ele-
vated to temperatures of up to 42 °C for a short
period. The role of heat shock proteins is to pro-
tect from cell damage. During temperature ele-
vations HSP7o proteins facilitate the unfolding
process of proteins within the endosplasmic
reticula. During irradiation of the retina of
rabbits, HSP70 proteins have been demonstrat-
ed within the choroid and retina with laser
settings of 6.8-10.5W/cm? [19]. In rabbits
lesions of 10.5W/cm? always produce retinal
damage. These findings again are in accordance
with the theory of transpupillary thermothera-
py as threshold treatment but do not support
a TTT-specific effect. Based on current knowl-
edge no specific production of heat shock
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Fig.4.3. Preoperative fundus image of an occult
CNV (a). The retina has been lifted off and the CNV
has been irradiated by a long diode laser pulse. The

proteins is known in choroidal neovascular
tissue.

If transpupillary thermotherapy is a thresh-
old treatment, the target tissue may be the RPE
and the choroid. The melanin granules within
the RPE and choroid have a high content of
melanin granules. At 810 nm more than 60 % of
laser energy is absorbed within the RPE and
choroid. It is reasonable to assume that the RPE
and choroid will always be affected. If an effect
on choroidal neovascular tissue occurs, com-
plete damage of the RPE and choroid will al-
ways lead to consecutive damage of the retina,
even if the neural retina is initially undamaged.
This has been demonstrated by artificial lifting
off the neural retina by vitrectomy and consec-
utive irradiation of the neovascular choroidal
complex by a 1-s-long pulse of laser light of
810 nm [17]. The retina itself is transparent for
810 nm. As a result, in all cases RPE atrophy has
been concomitant with a decrease in visual acu-

ity (see Fig. 4.3).

Summary for the Clinician

e The information on TTT is based on
retrospective analysis

e The most common findings are progressive
fibrosis and atrophy of the RPE

o There is no specific spatial selectivity
between the choroidal neovascular tissue
and the adjacent neural retina and choroid

o The success rates of TTT of 60 % after
6 months are in accordance with the natural
course of occult CNV in AMD

retina remained unaffected during laser treatment.
One month later (b) the patient has developed chori-
oretinal atrophy

e If an effect of TTT on the choroidal neo-
vascular tissue occurs, complete damage
of the RPE and choroid will always lead to
consecutive damage of the retina, even if
the neural retina is initially intact
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Retinal Pigment Epithelium and Choroid Translocation
in Patients with Exudative Age-Related Macular Degeneration

JaN C. vAN MEURS

Core Messages

e There is no evidence based treatment for
patients with age-related macular degen-
eration with a predominantly occult
choroidal subfoveal membrane, with or
without submacular blood

e Existing evidence based treatments, such
as laser and photodynamic therapy, may
decrease visual loss, but fail to improve
vision

e With “simple” choroidal membrane
removal we also remove the subfoveal
retinal pigment epithelium (RPE), which is
necessary for functioning of the overlying
macula

e Macular rotation surgery may result in
improved vision at the risk of sight-
threatening surgical complications

e The ideal reconstitution for a monolayer of
differentiated RPE cells is at present best
achieved either by macular rotation or by
autologous RPE and choroid translocation

¢ Future developments for RPE reconstitu-
tion may include using an artificial mem-
brane as substratum to be repopulated
by RPE improved by gene transfer or
stem cells

5.1
Introduction

5.1.1
Epidemiology

In the industrialized countries, age-related
macular degeneration (ARMD)), the end stage of
age-related maculopathy (ARM), is the princi-
pal cause of irreversible legal blindness in elder-
ly persons [20, 21]. This end-stage disease oc-
curs in two forms atrophic and exudative; the
exudative form leads more quickly to a deeper
and larger scotoma and is moreover twice as
common as the atrophic form. Bilateral involve-
ment may develop in 40 % of patients over a pe-
riod of 5 years. Based on large population based
studies in the USA, Australia and the Nether-
lands, a reasonable overall estimate of the
prevalence of end-stage macular degeneration
is about 1% in persons aged 65-74years, in-
creasing to 5% in persons aged 75-84 years and
13% in persons 85 years or older [21, 42].

With 1.82x10% persons aged 65-74years,
0.77x10% persons aged 75-84 years and 0.23X10
persons aged over 85 years in the Netherlands, a
country with 16.19x106 inhabitants in 2003, it is
clear that particularly exudative macular de-
generation causes considerable human suffer-
ing and loss of quality of life in a large number
(approximately 66,000) of persons.

To assess treatment capacity requirements, it
may be more realistic to study incidence figures
as they represent the more acute patients that
may still have a stage of disease amenable to
treatment.

Extrapolating the incidence rates found in
the Rotterdam Study to the general population
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in the Netherlands (16.19%x10°), we can estimate
the 5-year incidence risk of neovascular ARMD
to be 7,287 persons aged 65-74 years and 15,480
persons aged 75 years and older. In round fig-
ures this represents 4,550 new patients every
year, with bilateral involvement in 1,820 pa-
tients.

Summary for the Clinician

¢ Exudative macular degeneration causes
severe visual loss in 7.5 % of the population
older than 75 years in the industrialized
countries. In the Netherlands, a country
with 16 million inhabitants, every year
4,550 persons will develop exudative ARMD,
of whom 1,820 persons have bilateral
involvement

5.1.2
Pathology

Although the aetiology and pathogenesis of
ARMD are not yet fully understood, the result-
ing pathology is well defined [5]. In the exuda-
tive form, choroidal neovascular ingrowth oc-
curs under the retinal pigment epithelium
(RPE) and through the RPE under the retina,
causing a haemorrhagic RPE and retinal de-
tachment and eventually a fibrovascular scar
with subsequent dysfunction of the overlying
neurosensory retina (fovea, macula). In the at-
rophic form a gradual loss of submacular RPE
cells finally leads to macular dysfunction.

Summary for the Clinician

o In exudative age related macular degenera-
tion, choroidal neovascularization not only
invades the subretinal space, but also grows
under the RPE

5.2
Treatment Approaches to Exudative
Age-Related Macular Degeneration

5.2.1
Non-surgical Interventions

5.2.1.1
Argon Laser

Argon laser photocoagulation was shown to be
better than no laser in randomized controlled
trials for extra- and juxtafoveal neovasculariza-
tions [6, 25]. Unfortunately, even with the com-
bined use of fluorescein angiography and indo-
cyanine green angiography, at best only 15% of
all patients presenting with submacular neovas-
cularization may be eligible for such treatment
[16]. Within 2years recurrent neovascular
membranes occurred in 50% of the patients,
typically towards the fovea.

For some subfoveal lesions a treatment ben-
efit was demonstrated after 2 years, but the im-
mediate central scotoma following laser treat-
ment has meant that this treatment is not widely
applied [29].

5.2.1.2
Photodynamic Therapy

While photodynamic laser therapy in random-
ized controlled trials has been shown to be bet-
ter than no treatment in patients with predom-
inantly classic and some with occult neovas-
cular membranes, it has only limited vision loss
without restoring vision and often requires
multiple retreatments [10-12]. Transpupillary
thermotherapy [4] and radiation therapy [7]
suffer from the same drawbacks as the above-
mentioned modalities. With these treatment
limitations, researchers are developing alterna-
tive treatments, including medical treatment
and surgery:
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5.2.1.3
Antiangiogenesis

A randomized, placebo-controlled trial on the
use of subcutaneous octreotide, which princi-
pally affects vascular leakage but also angiogen-
esis, just failed to show a significant 1-year treat-
ment benefit (Seerp Baarsma, verbal communi-
cation, January 2004). Phase II trials of peri-
bulbar anecortave acetate, an antiangiogenic
steroid, showed promising results, although the
lack of a dose-response effect remained puz-
zling. Phase I and II studies of intravitreal injec-
tions of an antivascular endothelial growth fac-
tor (VEGF) antibody (Arvo Abstracts 2003,
9720) or an anti-VEGF aptamer report some
improvement of vision in some patients, partic-
ularly in combination with photodynamic ther-
apy (PDT) (Eyetech Study 2003). In these stud-
ies, the number of retreatments and the
duration of treatments required, as well as the
risk of recurrent disease, are uncertain as yet.

Summary for the Clinician

e Thermal laser and PDT have been proven to
decrease visual loss in a subset of patients
with exudative ARMD. Current phase III
trials with biologicals claim promising
results,and even an improvement in vision

5.2.2
Surgery

5.2.2.1
Membrane Removal

In some young patients with a submacular
choroidal membrane secondary to, the pre-
sumed histoplasmosis syndrome, subfoveal
choroidal neovascularization grows through a
focal extrafoveal break in Bruch’s membrane. In
such patients, surgical removal of the mem-
brane may spare the subfoveal RPE and may re-
sult in a preserved foveal function [35]. In
ARMD patients, however, the neovascular tissue
growth is under the RPE, as well as under the
retina. Therefore, simple surgical removal of
neovascular membranes in patients with ARMD
almost invariably leads to damage of the sub-

foveal RPE, as well as the Bruch’s mem-brane/
choriocapillaris complex, and does not restore
visual function [23, 36, 37]. Spontaneous RPE
cell repopulation of the damaged area is ineffec-
tive or too late, if present at all [31]. Moreover,
in 40% of patients recurrent membranes were
detected within 2years after membrane re-
moval. Despite these undesired effects, the re-
sulting scotoma may be less disturbing than an
untreated progressive exudative choroidal mem-
brane. Therefore, simple membrane removal is
currently being studied in a controlled manner
in the USA in the Submacular Surgery Trial
(SST).

Summary for the Clinician

e Simple membrane removal damages the
subfoveal RPE layer, which limits the
potential to preserve foveal function.
Nevertheless, a controlled trial is underway
in the USA (Submacular Surgery Trial)

5.2.3
Membrane Removal with the
Reconstitution of the Underlying RPE

The spectacular functional restoration achieved

in some patients with exudative age-related

macular detachment after macular rotation has
proved the potential for creating a fresh under-

surface of functioning RPE cells [15]. However, a

tilted image in successful cases, complex and

time-consuming surgery and a high percentage
of vision threatening complications because of
proliferative vitreoretinopathy have remained
drawbacks of this technique.

Other cornerstones in the concept of restor-
ing the RPE underlayer of the macula are:

e Functioning RPE cells were shown to be es-
sential for the preservation of Bruch’s mem-
brane and the survival of the choriocapillary
in rabbits [22].

o Blaauwgeers et al. [9] showed that human
RPE cells secreted VEGF on their basal side
and that the facing choriocapillary had
VEGEF receptors.

e Subretinal RPE injection was capable of
postponing photoreceptor death in RCS rats
[26].
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Table 5.1. Overview of studies using a cell suspension or cell sheets, allograft or autograft, and RPE or IPE

Allograft of a cell suspension
Allograft of an RPE patch

Autograft of a cell suspension
Autograft of an RPE patch

Autograft of a cell suspension
Autograft of an IPE patch

Valtink et al. [40] 20
Peyman et al. [30], Algvere et al. [3], 1,8,12
del Priore et al. [14]

Binder et al. [8], van Meurs et al. [44] 60,8
Peyman et al. [30], Stanga et al. [32], 1,8,18,2
van Meurs et al. [43], Holz et al. [19]

Thumann et al. [38], Lappas et al. [24] 8,12
Navea [28] 5

Table 5.2. Advantages and drawbacks of the different RPE transplantation approaches

Cell suspension

Cell sheet

Allograft

Autograft

RPE or IPE

The ease and elegance of an injection
requiring only a small retinotomy

RPE cells adhere to a substratum and
may be in their native differentiated
monolayer

Cadaver eyes or RPE cultures could
be used. The supply of donor tissue
would be more abundant

No immune reaction because of
non-self, although a tissue response
in which the immune system is
involved may be generated by the
disease process and the subsequent
surgery [27]

RPE is more likely than IPE to take
over submacular RPE functions

1. The lack of demonstrable presence
or function of the cells

2.1f cells are to be rejuvenated or improved
in culture first, sterility demands are
crucial

3. The possibility of reflux into the vitreous
cavity, possibly increasing the risk for
proliferative vitreoretinopathy

1. Difficult to find the right artificial
underlayer that allows handling of the
sheet, adherence of RPE and no
interference with a possible RPE/choroid
cross-talk

2. Introduction of the sheet and its correct
positioning (RPE up; not rolled over)
requires a larger retinectomy and is
surgically challenging

3.If the sheet has been doctored in the
laboratory, sterility demands are
paramount

Although the anterior chamber has an
immune privilege and the same may hold
true for the subretinal space, immune
rejection was thought to play a role in the
lack of function and reaction around the
graft in the studies by Alvere, Del Priore
and Engelmann

1. RPE cells have the same age and possibly
the same pathology

2. Material is relatively restricted in amount

IPE is easier to obtain through a
iridectomy
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Consequently, several different surgical ap-
proaches to recreating a functioning underlayer
of the macula have been tried. We can subdivide
these approaches into: autografts versus allo-
grafts, loose cells in suspension versus cell
sheets or patches; and RPE versus iris pigment
epithelium (IPE) cells (Table5.1).

The advantages and disadvantages of the
different transplant approaches are listed in
Table 5.2.

5.2.3.1
Autograft Versus Isograft

Fibrosis with oedema and persistent dye leak-
age on fluorescein angiography was observed in
patients with a fetal RPE patch [1-3], HLA-typed
RPE cell suspension [41] or cadaver patch [14],
which was thought to result from an immune
rejection. Therefore, autologous tissue would be
preferable. Immune involvement and inflam-
mation may nevertheless occur because of the
surgical trauma, as not only self- and non-self,
but also damaged, tissue may trigger an im-
mune response (the danger model) [27]. How-
ever, it makes sense to reduce both factors by us-
ing autologous tissue and trying to minimize
surgical manipulation.

5.2.3.2
Iris Pigment Epithelium Versus RPE

Using iris pigment epithelium has the advan-
tage of being a relatively easy way of harvesting
by performing a surgical peripheral iridectomy.
Iris pigment epithelium, however, may not have
all the functions required of RPE.

5.2.3.3
Cell Suspension Versus a Cell Sheet

A considerable metamorphosis is required of
transplanted RPE cells in suspension to recon-
stitute an RPE layer in patients after choroidal
membrane extraction. After being scraped off
their native Bruch’s membrane or culture sub-
stratum, the cells are expected to adhere to a
damaged Bruch’s membrane, to survive and
redifferentiate into a functional monolayer. In
vitro studies show RPE cells adhere poorly to

damaged Bruch’s membrane [13, 33, 34, 39, 46,
47]; RPE cells from patients with exudative
ARMD, moreover, may even have less ability to
proliferate than RPE cells from patients without
ARMD [45].

RPE cells on some substrata, on the contrary,
are already adherent and differentiated; the de-
livery of a sheet is more problematic, however,
than a cell suspension through a small-bore
cannula.

Summary for the Clinician

e RPE cell reconstitution is necessary to
maintain macular function. At present,
autologous RPE and IPE cell suspensions
fail to do so; autologous sheets of RPE cells
may show more sustained function than
homologous ones

53
Translocation of a Full-Thickness Patch
from the Midperiphery

5.3.1
Rationale

With the current lack of a demonstrable pres-
ence or function of autologous RPE suspension
transplants in patients, we decided to pursue the
use of a sheet of autologous RPE on its own sub-
stratum. Peyman reported a patient on whom a
full-thickness flap with a pedicle was used. The
follow-up was 6 months and stabilization of a
vision of 20/400 was reported [30]. Aylward, in
eight patients, used a full-thickness patch cut
out from a location adjacent to the removed
subfoveal membrane. In four patients some
function on microperimetry could be shown
over the patch; preoperative vision was too low
to assess postoperative vision properly [32].
Fibrosis of the patch, however, developed in the
and year of follow-up in most patients (verbal
communication, May 2003).

In Aylward’s patients the grafted paramacu-
lar choriocapillary appeared sclerotic and dam-
aged by the surgery and we speculated that it
was therefore less likely to be successfully revas-
cularized. We thought we could improve on Ayl-
ward’s technique by harvesting a relatively



78

CHAPTER 5 Retinal Pigment Epithelium and Choroid Translocation in Patients

healthy midperipheral full-thickness RPE and
choroid patch with the advantage of easy acces-
sibility to cut out the patch and a direct control
of bleeding from the donor site.

Summary for the Clinician

e Our method of choice is to translocate a
midperipheral full-thickness autologous
RPE and choroid graft to the macula after
membrane removal

5.3.2
Patients and Methods

5.3.2.1
Inclusion

Patients with a subfoveal choroidal neovascular
membrane that was more than 50% occult on
fluorescein angiography (FAG) and larger than
one disk diameter, with or without submacular
blood, were eligible for RPE translocation. This
study was approved by the Institutional Review
Board of the Rotterdam Eye Hospital and writ-
ten informed consent was obtained from all pa-
tients, in accordance with the ethical standards
laid down in the 1964 Declaration of Helsinki.
The present report concerns those patients who
have had a follow-up of 12 months or longer.

Preoperative examination included general
and ophthalmologic history taking,and an oph-
thalmologic examination, including best cor-
rected ETDRS vision, dilated funduscopy and
fluorescein angiography or indocyanine green
angiography.

Postoperative visits were scheduled at 1, 3
and 6 weeks, and at 3, 6, 9, 12,18 and 14 months.
The censoring date was 1 October 2003. During
each visit best corrected ETDRS vision testing
and a comprehensive examination were per-
formed. At 6 and 12 months, fundus pictures
were taken and preferred fixation on the fixa-
tion light of the optical coherence tomograph
(OCT) was monitored on the OCT fixation
screen. Patients with a follow-up of 6 months or
longer were tested (some twice) with a confocal
scanning laser ophthalmoscope (HRA, Heidel-
berg Retina Angiograph, Engineering GmbH,
Dossenheim, Germany) for autofluorescence

(AF). An argon blue laser (488 nm) was used for
excitation; emitted light was detected above
500 nm (barrier filter). To amplify the autofluo-
rescence signal, several images were aligned,
and a mean image could be calculated after de-
tection and correction of eye movements by us-
ing image analysis software [17,18].

In selected patients we performed fundus
perimetry with the Nidek MP-2. In selected pa-
tients fluorescein or indocyanine green angiog-
raphy was performed to exclude the regrowth of
a neovascular choroidal membrane.

Summary for the Clinician

e The results of 18 patients are reported with
predominantly occult subfoveal membranes
with a disk diameter (DD) of 1-3 and sub-
macular blood; the follow-up was 1-2 years

e Surgical improvements, however, are based
on the experience of all patients treated so
far (n=38)

¢ Functional outcome was measured with
ETDRS vision testing. In selected patients
fluorescein and indocyanine green
angiography, fundus autofluorescence
and OCT were performed

5.3.2.2
Surgery

After the induction of a posterior vitreous de-
tachment, a complete vitrectomy was per-
formed. The choroidal membrane was removed
through a paramacular retinotomy from the
subretinal space with Thomas subretinal for-
ceps (Fig.5.1). After circular heavy diathermia
in the midperiphery at the 12 0’clock position
and removal of the retina within the diathermia
marks, we used vitreous scissors to cut a full-
thickness patch of RPE/choroid of approxi-
mately 1.5xX2mm (Fig.5.2). We then loaded the
cut-out patch on an aspirating spatula (Fig. 5.3)
and repositioned the patch under the macula
through the existing paramacular retinotomy
(Fig.5.4). We surrounded the midperipheral
retinotomy site with laser coagulation and left a
silicone oil tamponade. In a second procedure,
approximately 3 months later, we removed the
silicone oil, performed a lensectomy and insert-
ed an intraocular lens (IOL).
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Fig.5.1. Removal of the choroidal membrane with subretinal forceps

Fig.5.2. A full-thickness patch of RPE, choriocapillary and choroid is cut out after removal of the overlying
retina
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Fig.5.4. Insertion and release of the graft under the fovea
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Table 5.3. Follow-up results of patients

vision 1year 1.5years 2 years
1S f 20/400 20/80 20/125 20/100
2K f 20/200 20/63 20/40 20/40
3vL f 20/200 20/200 20/400 20/400
4vS f CF 20/200 20/200 20/200
5vdP m 20/200 10/160 20/125 20/160
6V m 20/200 20/80 20/80
7B m 20/400 CF CF Recurrence
8S m 20/160 20/160 Deceased
9B f 20/200 20/40 20/50
10T m 20/200 20/160 20/400 Recurrence
11T m 20/160 CF CF Recurrence
12K f 20/160 20/100 20/80
13A f 20/160 20/200
14K f 20/200 20/200
15F f 20/400 20/160
16dK f 20/200 20/160 PVR
17dv f 20/160 20/40
18V m 20/160 20/125 PVR
diameters. Subretinal blood was present in
5.3.3 14 patients, extending to the vascular arcade in 4.
Results Eight patients used aspirin and did not stop its

Thirty-seven patients have been included in the
study from 12 October 2001, but only the first 18
have been followed up for more than 12 months.
The present report covers the results of these 18
patients; surgical techniques, however, have
evolved during the entire study period and
notes on surgical technique include surgical ex-
perience up to the present time.

The preoperative duration of visual loss in
the operated eye ranged from 2weeks to
4 months. Visual acuity ranged from 20/400 to
20/160. End-stage macular degeneration was
present in the fellow eye in 12 patients (Table 5.3).

On fluorescein angiography, 17 patients had a
mixed or occult subfoveal neovascularization;
in one patient (patient 1) no angiogram was per-
formed because of a thick submacular haemor-
rhage. On angiography the size of the neovascu-
lar membranes varied from one to three disk

use prior to the surgery. Five patients discontin-
ued their use of coumarin anticoagulants 1 week
before surgery.

5.3.3.1
Peroperative Course

Despite their advanced age, in only two patients
did we not have to actively induce a posterior
hyaloid detachment. To prevent bleeding when
removing the choroidal membrane we raised
the intraocular pressure to 120-140 mmHg, and
slowly decreased the pressure afterwards. At the
first sign of bleeding we raised the bottle again
(as advised by Matthew Thomas, MD). Subreti-
nal blood was best flushed away with a subreti-
nal cannula.

The area of damaged RPE resulting from
membrane and haemorrhage removal was ap-
proximately three to five disk diameters in each
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Fig.5.5. Patient 1, two years postoperatively, vision
20/80, fixation over the patch. The velvety RPE patch
is smaller than the area denuded of RPE by the surgi-
cal removal of the choroidal membrane

patient and included the area under the fovea in
each patient. The RPE patch was smaller than
the damaged RPE/Bruchs membrane/chorio-
capillary area in all patients (Fig. 5.5).

Instruments

Instruments were designed and manufactured
in close collaboration with Ger Vijfvinkel, of the
Dutch Ophthalmic Research Center (DORC),
Zuidland, the Netherlands.

5.3.3.2
Finding a Cleavage Plane Between Sclera
and Choroid

When we try to remove the patch, remnants of
connecting tissue between choroid and sclera
may jeopardize a clean release. Before cutting
out the patch, we now separate the patch from
the sclera by introducing and sweeping a long
spatula under the patch.

Preparation of the Graft

Once all four sides of the rectangular
1.5-2X2-3mm graft and the collagenous con-
nection of the choroid to the sclera have been
cut with scissors, the graft has the tendency to
roll up into a half cylinder with the RPE on the
convex side, usually with the half cylinder lim-
bus parallel. This occurs in balanced salt solu-

tion (BSS) and the free floating patch may be
subsequently difficult to position on the spatu-
la. Moreover, the infusion bottle should be real-
ly low to minimize turbulence and to prevent
the patch from disappearing through a scleroto-
my when changing instruments. A great help is
the use of extra ceiling illumination to be able to
work with two hands, for example, so that the
patch can be held when changing instruments.
Preparation of the patch under perfluorocar-
bon (PFCL) has proven to be best for visualiza-
tion and keeping the patch flat on the spatula,
while it allows us to keep the bottle raised, there-
by decreasing the risk of bleeding from choroidal
or retinal vessels. Most recently, however, we have
stopped “working under PFCL’, because we
could not exclude that a thin film of PFCL would
remain adherent to the RPE and might interfere
with subsequent RPE-photoreceptor interaction.

Positioning of the Graft Under the Fovea

To allow the insertion of the patch through the
retinotomy, however, one has to aspirate the
PFECL. It helps to lift the foveal edge of the
retinotomy with the PFCL-aspirating cannula to
allow an easy insertion. Positioning of the graft
under the fovea with a common spatula is diffi-
cult. Horizontal forceps, even when designed
not to close entirely, proved to be unsuitable be-
cause the patch could not be released since it re-
mained adherent to the forceps. The best instru-
ment to hold and release the patch turned out to
be a cannulated spatula with one opening, with
an assistant applying aspiration to hold the
patch or reflux to release the patch. A single
opening appeared better than more openings;
since once occlusion is lost over one opening,
release can no longer be effected by refluxing.

When releasing the patch by refluxing the
spatula (at present manually by the assisting
person, but foot control would more ideal), we
simultaneously cover the macula with PFCL, to
decrease the chance that the patch will move out
again on withdrawal of the spatula.

Tamponade
Silicone oil has been used to enable a better exam-

ination of the patients in the early postoperative
period. A gas tamponade would be possible too.
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Summary for the Clinician

e Do not forget to induce a posterior vitreous
detachment (PVD)

e PVD is rarely present in patients with
exudative ARMD

e A very high bottle and patience is needed
to prevent bleeding from the choroid after
membrane extraction

o After PFCL removal it helps to lift an edge
of the retinotomy to make the insertion of
the patch easier

e Reinjection of some PFCL over the macula
aids a proper release of the patch from the
cannulated spatula

5.3.3.3
Postoperative Course

Follow-up was 12-24months (Tables.3). The
patch was biomicroscopically flat in 16 patients
and had a brown, furry appearance in 14
(Fig.5.5). In patients 3 and 4 part of the patch
appeared to be folded double. Only patient
5 showed a fine fibrotic line over the patch.

Vision at the last recorded visit ranged from
counting fingers to 20/40 (Tables.3). A two-line
or greater improvement in ETDRS visual acuity
occurred in eight patients. Vision decreased two
lines or more in three patients, all three with re-
current choroidal neovascularization. Vision re-
mained within two lines in seven patients, in-
cluding two with proliferative vitreoretinopathy
(PVR) (Tables.3).

Preferred fixation on the OCT monitor was
over the patch in 12 patients, as well as fixation
on a fixation rod (Fig. 5.5). OCT images were not
easy to read; the retina could be better evaluat-
ed than the RPE and choroid. The retina over
the patch remained thicker than normal in most
patients; there appeared to be a correlation be-
tween a thinner retina and a better function.

Confocal scanning laser ophthalmoscopy
(SLO) showed almost normal autofluorescence
over the patch in six out of seven tested patients
up to 2years (patient 2, Figs.5.6, 5.7) and
1.5 years (patient 5), respectively, postoperative-
ly.In the two patients with a partly folded patch,
autofluorescence was less, but not absent.

Fig.5.6. Patient 2:1.5years after surgery, vision 20/64

Fig.5.7. Patient 2: almost normal fundus autofluo-
rescence 2.0 years after surgery

Indocyanine green angiography showed per-
fused choroid in or under the patch in eight of
nine examined patients (from 6-16 months
postoperatively) (Fig.5.8a, b). Fluorescein an-
giography was performed postoperatively in six
patients, revealing background filling in the
patch comparable to the rest of the fundus, sug-
gesting the presence of perfused choroid and
choriocapillary in or under the graft.

In three patients recurrent or persistent
choroidal neovascular membranes were detect-
ed; despite laser treatment and closure of the
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Fig.5.8 a,b. Patient 1: early (a) and late (b) phase
ICG angiography demonstrated perfusion of the
choroid under the RPE patch

membranes, vision dropped to finger counting
in all three patients.

Retina detachment due to PVR developed in
patients 16 and 18. The retina over the RPE patch
remained adherent, however. Revitrectomy,
membrane peeling and silicone oil tamponade
were performed.

Silicone oil was removed in all 19 patients,
typically 3-4 months after the first procedure.

When removing silicone oil some degree of
retinal puckering/cellophane maculopathy was
present in 12 patients. We removed the internal
limiting membrane (ILM) in these patients,
with the help of indocyanine green staining.

Summary for the Clinician

e ETDRS vision improved 2 lines in over 25 %
of patients

e Angiography shows reperfusion in or under
the patch in 9 of 10 patients

e Fundus autofluorescence was present in
7 of 8 patients

e Fixation on the OCT monitor was present
in 13 of 18 patients

5.3.34
Comment

For the following indications - a subretinal
haemorrhage extending to the equator (three
patients) where we would not have been able to
remove the clot through a small parafoveal
retinotomy; and an end-stage glaucoma (one
patient) where we did not wish to increase the
intraocular pressure during surgery — we have
used another technique, derived from macular
rotation surgery and the technique used for the
transvitreal removal of choroidal melanoma
(Kirchhof, verbal communication).

A temporal retinal detachment was created by
the subretinal infusion of BSS through a 41-gauge
needle, followed by a retinotomy at the ora serra-
ta in the temporal 13 clock hours with subsequent
folding over of the retina over the disk to expose
the temporal subretinal space. While working
under PFCL (membrane removal and prepara-
tion of the patch as well as the repositioning of
the graft in the macular area), a better control of
choroidal bleeding from the site of membrane re-
moval as well as obtaining a correctly sized patch
was possible. For some surgeons, this approach
may be more controlled and standardized than
the paramacular technique. Specific care, howev-
er, had to be taken to prevent the oversized tem-
poral retina from being incarcerated in the nasal
retinotomy. An advantage was certainly that it
was no longer necessary to create a paramacular
retinotomy, which was likely to be an important
factor in the development of the frequent macu-
lar puckering in the patients with the paramacu-
lar technique. Drawbacks, however, were the
longer surgery time and the at least theoretically
increased risk for proliferative vitreoretinopathy.
Moreover, due to the short follow-up of the four
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patients treated with the flap-over approach, vi-
sual results are as yet uncertain.

In our study, one-fourth of patients reached a
visual acuity of 20/80 or better after a follow-up
of 1year or longer, a level of visual acuity not to be
expected in such patients. We were unable to
identify patient characteristics that would pre-
dict a better outcome,because our series was a pi-
lot study with an evolving surgical technique and
numerous confounding factors besides patient
selection. Because the RPE patch appeared to be
revascularized, viable fixation and function on
the fundus perimetry were over the patch in the
majority of the patients and there was a sus-
tained two-line improvement in several patients
with a follow-up of almost up to 2 years, our ap-
proach may be good way to proceed.

Whereas laser treatment and pharmacologi-
cal treatment have been studied or are being
studied in prospective controlled trials, all sur-
gical approaches discussed in this chapter (cer-
tainly including the discussed patch technique)
have been uncontrolled single-centre pilot stud-
ies, without robust outcome measurements and
varying follow-up. Therefore, data on visual re-
sults are not easily comparable to the data from
controlled studies.

Fortunately, simple membrane extraction is
currently under study in a multicentre, controlled
study in the USA (the Submacular Surgery Trial).
The MARAN study, however, which is a multicen-
tre study in Europe on macular rotation, has expe-
rienced difficulty in recruiting patients.

Nevertheless, the above-described surgical
method combines several desirable objectives:
functioning, differentiated RPE cells on their
native substrate were transplanted with rela-
tively simple technology in a one-step 1-h surgi-
cal procedure, which was applicable to patients
with a wide range of membranes (occult, very
large), with or without subretinal blood and
widespread RPE disease. Although this surgery
may only be an intermediate stage before more
sophisticated upgraded cultivated RPE cells on
a suitable artificial substratum are available, its
concept and the surgical technique required
may be useful in the future. If surgery is to hold
any place at all beside the use of newer pharma-
cological biologicals, the patch technique may
remain of interest.

Summary for the Clinician

e We report a surgical pilot study, in patients
with subfoveal membranes of 1-3 DD, most
with blood. There was no control group

o The results are promising, because 25%
of patients have a vision of 20/80 or better
after 1year

o The surgical technique discussed above
was evolving; a technique based on macular
rotation may be preferable in selected
patients or may be preferred by other
surgeons

e At present, an autologous full-thickness
graft of RPE and choroid best combines
the ideal characteristics of a monolayer of
differentiated RPE on a suitable substratum

e Future developments for RPE reconsti-
tution include using an artificial membrane
as substratum to be repopulated by RPE
improved in culture by gene transfer or
stem cells
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Giant Retinal Tear

MARTIN SNEAD

e Only a minority of giant retinal tears occur
secondary to trauma. Retinal detachment
due to blunt trauma is more commonly
associated with a disinsertion at the ora
(dialysis) rather than true giant tear

Giant tears are frequently associated with
abnormal gel and inherited vitreo-
retinopathies and the posterior hyaloid
membrane is separated anteriorly to the
ora allowing the posterior flap to develop
independent mobility

An inquiry should be made into any
associated history of mid-line cleft, hearing
loss, arthropathy or family history of retinal
detachment

Stickler syndrome patients have a high risk
of retinal detachment and prophylactic
360-degree contiguous retinopexy reduces
the risk of retinal detachment secondary
to giant retinal tear from 70% to 7 %

6.1
Introduction

The term “giant retinal tear” (GRT) should be
restricted to very large tears at the ora serrata
associated with an abnormally anterior separa-
tion of the posterior hyaloid membrane. Under
the influence of gravity and freed from the me-
chanical restraints of a more limited gel separa-
tion, they are often characterised by an inde-
pendent mobility of their posterior flap and

occasionally if this is excessive, by radial poste-
rior extensions at their apices.

Although popular in public perception only a
minority of giant retinal tears occur secondary
to trauma and even with successful repair in
these circumstances the visual prognosis may
be limited by associated collateral ocular dam-
age [1]. Retinal perforation or incarceration
from penetrating trauma rarely causes acute
rhegmatogenous retinal detachment, but the as-
sociated corneoscleral wound provides access
for extrinsic fibroblasts so that the more com-
mon sequel is a pathologically anterior separa-
tion of the posterior hyloid membrane (PHM)
and late giant tear complicated by combined
tractional and rhegmatogenous components
[1].

Retinal detachment due to blunt trauma is
more commonly associated with a disinsertion
at the ora serrata rather than true giant tear. The
sudden anteroposterior compression is associ-
ated with a corresponding coronal expansion
and retinal avulsion injury characterised by an
accompanying festoon of non-pigmented pars
plana epithelium. There is a greater preponder-
ance for superior quadrant involvement in con-
trast to the usual lower temporal quadrant in-
volvement in non-traumatic dialysis [3, 6].
Although the disinsertion may exceed 9o de-
grees of the circumference and superficially re-
semble a giant retinal tear, the vitreous gel char-
acteristically remains attached to the posterior
flap so that independent mobility is not a fea-
ture (Fig.6.1a). They respond well to conven-
tional scleral buckling techniques. Subretinal
fluid recruitment is slow so that unless the ora
serrata is routinely inspected after blunt trau-
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Fig.6.1a, b. Differential diagnosis. a Retinal dialy-
sis. The posterior hyaloid membrane is attached. Note
the characteristic bridges spanning the retraction
and the cystic change in the border of the dialysis
which is continuous with the frill at the ora serrata. b
Giant retinal tear. The posterior hyaloid membrane is
separated anteriorly to the ora allowing the posterior
flap to develop in independent mobility

ma, the diagnosis may be delayed by several
weeks until macular involvement ensues [6].
Further features distinguishing dialysis from gi-
ant retinal tear are the absence of radial exten-
sions, which may occur at the apices of giant
tears, and the normal compact healthy vitreous
gel architecture in patients with retinal dialysis.
Giant tears are frequently associated with ab-
normal gel and inherited vitreoretinopathies
(see below) and the posterior hyaloid mem-
brane is separated anteriorly to the ora allowing
the posterior flap to develop independent mo-
bility (Fig. 6.1b). Adults with giant tears tend to
present acutely with visual loss, but young chil-
dren frequently present late either as a result of
second eye involvement or having been identi-

fied through screening or incidental exami-
nation. In these tragic instances, the visual prog-
nosis is frequently poor even with successful
repair because of the associated advanced
PVR.

6.2
Genetics of Giant Retinal Tear

Stickler syndrome is the commonest inherited
cause of giant retinal tear [23]. It forms part of
the spectrum of type II/XI collagenopathies,
which also includes the more severe Kniest dys-
plasia (MIM 156550), spondyloepiphyseal dys-
plasia congenita (SEDC, MIMi183900) and
spondyloepimetaphyseal dysplasia (Strudwick
type, MIM 184250) [4] and all have a similarly
high risk of GRT formation [23] (Table 6.1).

In contrast to the more severe disproportion-
ate stature syndromes that result mainly from
dominant negative mutations, the majority of
patients with Stickler syndrome have prema-
ture termination mutations in the gene for type
II collagen. This results in haploinsufficiency
and they exhibit a characteristic vitreoretinal
phenotype [13,15,20] (Fig. 6.2a). Pedigrees with
a different vitreous phenotype (Fig. 6.2b) have
mutations in the gene COL11A1 encoding type
XI collagen and are now known as type 2 Stick-
ler (STL2) syndrome [9, 12, 14, 22]. Other fami-
lies exhibit neither of these two vitreoretinal
phenotypes or linkage to known loci so there is
further locus heterogeneity to be resolved. Exon
2 of the COL2A1 gene is principally expressed in
the eye and spliced out of cartilage so that mu-
tations occurring in this exon result in a pre-
dominantly ocular form of Stickler syndrome
[13]. It is important to remember to consider the
diagnosis in:

1. Neonates with Pierre-Robin sequence or
midline cleft

2. Infants with spondyloepiphyseal dysplasia
associated with myopia or deafness

3. Patients with a family history of rhegmatoge-
nous retinal detachment

4. Sporadic cases of retinal detachment associ-
ated with joint hypermobility, midline cleft-
ing, or deafness
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Fig.6.2a, b. Vitreous phenotypes. a Type 1 Stickler
syndrome (membranous phenotype). b Type 2 Stick-
ler syndrome (beaded phenotype)

Although well recognised, the association of gi-
ant tear with Marfan syndrome, a dominantly
inherited disorder of fibrillin production with a
prevalence of approximately one in 20,000 [11],
is less common. The fibrillins are high molecu-
lar weight extracellular glycoproteins, and mu-
tations in the fibrillin gene on chromosome 15
(FBN1) cause both Marfan syndrome and
dominant ectopia lentis [2, 7, 8]. Mutations in a
second fibrillin gene on chromosome 5 are re-
sponsible for congenital contractural arachn-
odactyly [25]. Recent work has confirmed fib-
rillin to be widespread in lens capsule, iris,
ciliary body and sclera [26].

Approximately 75% of detachments in Mar-
fan syndrome occur below 20 years of age [10].
Although there is a significant association with
myopia, the myopia is characteristically devel-
opmental, in contrast to the congenital non-
progressive myopia more usually found in type
1 Stickler syndrome [17, 19, 21]. In Marfan syn-
drome the pupils characteristically dilate poor-

ly because of associated smooth muscle struc-
tural iris abnormality [26] and when combined
with lens subluxation and weak scleral architec-
ture the repair of retinal detachment in Marfan
syndrome patients can provide a formidable
surgical challenge.

Summary for the Clinician

o Stickler syndrome is the commonest
inherited cause of giant retinal tear

e Itis important to remember to consider the
diagnosis of giant retinal tear in neonates
with Pierre-Robin sequence or midline
cleft, infants with spondyloepiphyseal
dysplasia associated with myopia or
deafness, patients with a family history
of rhegmatogenous retinal detachment,
and sporadic cases of retinal detachment
associated with joint hypermobility,
midline clefting, or deafness

6.3
Preoperative Assessment

Preoperative assessment of the patient should
include attention to systemic features in addi-
tion to the ocular examination. In particular, an
enquiry should be made into any associated his-
tory of mid-line cleft, hearing loss, arthropathy
or family history of retinal detachment, which
may not be volunteered without a direct request
for the information. Many patients will be my-
opic, but a significant minority are not and the
term “cryptomyopia” has been suggested to en-
compass the patients without significant refrac-
tive error, but megalophthalmos associated with
giant tear. Preoperative biometry of both eyes
can be instructive and helpful, particularly if
lensectomy is subsequently required.

Since the opportunity to assess the extent
and associated features will be available at ex-
amination under anaesthesia, preoperative ex-
amination will focus particularly on related an-
terior segment abnormalities, the status of the
vitreous (especially for the various congenital
anomalies), the mobility and integrity of the
posterior hyaloid membrane and the fundus
and posterior hyaloid membrane examination
of the fellow eye. If the PHM has separated with-
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out complication, then prophylaxis will be un-
necessary for the fellow eye. Alternatively, if the
posterior hyaloid membrane remains attached
then serious consideration to prophylaxis will
be required.

6.3.1
Vitreous Examination

Vitreous examination should commence with
examination of the gel quality, its structural
architecture, the status of the posterior hya-
loid membrane and any associated congenital
anomaly. The examination is a useful first step
in the differential diagnosis of the more com-
mon varieties of rhegmatogenous retinal de-
tachment, including giant tear (Table 6.2). The
gel phenotype is also a useful diagnostic indica-
tor of any underlying genetic predisposition.
The gel is assessed by slit-lamp specular biomi-
croscopy with a narrow slit beam illumination
set at a wide angle from the axis of observation.
The mobility and PHM status are assessed dy-
namically by asking the patient to look down
and then straight ahead, which results in the gel
being flung superiorly so that it can be observed

as it slowly settles under gravity to its resting
position. In patients with GRT the PHM sepa-
rates very anteriorly and can usually be ob-
served coming back to rest in the anterior third
of the vitreous cavity. Occasionally, a condens-
ing lens may be required if the membrane is
shortened and settles more posteriorly, and this
is also useful for inspecting the integrity of the
PHM and the size of any associated defects
which may influence the likelihood of second-
ary macular pucker.

6.3.2
Retinal Examination

Retinal examination includes both slit-lamp
and indirect ophthalmoscopic assessment. Im-
portant factors which might influence the surgi-
cal approach include the extent and (meridion-
al) position of the tear, the presence of asso-
ciated radial extensions, retinal immobility and
PVR, macular involvement and possible sec-
ondary macular hole. In younger patients, much
of this assessment will be made with the patient
under general anaesthesia and a portable hand
held slit lamp should be available in theatre.

Table 6.2. The “Cambridge Guide” to the features associated with the seven most common varieties of pri-
mary retinal break in rhegmatogenous retinal detachment (PHM posterior hyaloid membrane, Macular hole
refers to retinal detachment secondary to macular hole as distinct from isolated “idiopathic” macular hole)

Break PHM Vitreous

architecture

type status

Atraumatic On Normal M>F

dialysis

Giant retinal off Congenital M=F

tear anomaly

Horseshoe tear  Off Usually M=F
syneretic

Round retinal On Usually F>M

hole normal

Macular hole Off Syneretic M=F

Reticular schisis  On Normal M>F

X-linked On Normal, M

retinoschisis may have

haemorrhage

Typical Refractive Fellow eye
age group error involvement/
(years) pathology
8-20 Emmetropia/
hypermetropia 5-15%
5-50 Moderate/ Variable up
high myopia to 80%
45-65 Moderate/ 10%
high myopia
20-40 Moderate 55%
myopia
45-65 High myopia Unusual
70+ Hypermetropia  80%
10-20 Emmetropia 100%
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6.4
Surgical Preparation

6.4.1
Examination Under Anaesthesia (EUA)

Surgery may be carried out with the patient un-
der general or local anaesthesia. An anaesthetist
should be present throughout and the author’s
preference is for general anaesthesia to facilitate
a careful examination of the fellow eye when
considering prophylaxis (see below). The initial
examination also allows an assessment of the
extent of the tear, the mobility of the posterior
flap and the degree of any associated scleroma-
lacia. It is especially important to carry out a
360-degree examination of the retinal periph-
ery to locate any associated satellite horseshoe
tears which are common and may be small and
otherwise easily overlooked. Recurrent detach-
ment and a failed primary repair will result if
these are not identified and treated at the pri-
mary repair. The EUA also provides an opportu-
nity to plan the surgical approach and in partic-
ular the position of entry sites for the
deployment of instruments. As with any com-
plex surgical procedure, careful planning and
anticipation (and avoidance) of likely difficul-
ties or variations from the norm will simplify
successful completion of the surgical goal. Care-
ful choice of entry sites will improve access and
thereby make subsequent manoeuvres easier,
avoiding the need for unnecessary lensectomy
and reducing the likelihood of associated com-
plications. Unlike horseshoe tears, giant tears
occur at the junction of the retina and pars
plana so that instruments or infusion cannulas
introduced during vitrectomy will enter
through the tear rather than anterior to it. For
this reason if an infusion is required, it is help-
ful for this to be sited away from the tear as this
helps to avoid further instability of the tear dur-
ing surgery caused by the infusion currents. In
contrast, access to the entire extent of the GRT,
including both apices, can be assisted by de-
ploying instruments at the mid-point of the
tear. In the majority of cases, scleral buckles are
not required during giant tear repair and in
some instances can be an impediment to access

over the entire extent of the tear during later
stages of the surgical procedure. However, if
there is substantial PVR and retinal shortening
or associated inferior radial extensions to the
GRT, a scleral buckle may occasionally be re-
quired as an adjunct to assist in break closure.
Application of a scleral buckle, adjustment of
buckle height and scleral suturing are generally
more controlled with a closed globe, prior to
commencement of vitrectomy.

Summary for the Clinician

e In patients with GRT the PHM separates
very anteriorly and can usually be observed
coming back to rest in the anterior third of
the vitreous cavity

o Unlike horseshoe tears, giant tears occur
at the junction of the retina and pars plana
so that instruments or infusion cannulas
introduced during vitrectomy will enter
through the tear rather than anterior to it

o If there is substantial PVR and retinal
shortening or associated inferior radial
extensions to the GRT, a scleral buckle may
occasionally be required as an adjunct to
assist in break closure

6.4.1.1
Key Points to Assess at EUA

1. Assess the extent of tear and decide how this
might influence choice of the entry site posi-
tions

2. Assess the quality of sclera in all four quad-
rants with regard to scleromalacia and suit-
ability for scleral buckle (if required)

3. Assess the need for adjunctive scleral buckle

4. Assess the number and position of satellite
tears remote from GRT

5. Assess the most appropriate patient head po-
sition with regard to flap position and subse-
quent fluid/perfluorocarbon liquid (PFCL)/
oil exchange

6. Assess retinal mobility and extent of associ-
ated PVR
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6.4.2
Vitrectomy

In most instances, the gravitational influence on
the posterior flap will mean that in the supine
position the posterior edge of the tear will have
collapsed towards the posterior pole of the eye.
Giant tear rotating tables have been superseded
by the use of perfluorcarbon liquids to unroll
the posterior flap and maintain its stability dur-
ing tamponade exchange. Alternatively, “ven-
turi” manipulation of the intraocular currents
during direct fluid/silicone exchange can unroll
and stabilise the flap avoiding the need for PECL
exchange altogether. If PFCLs are to be used,
then a complete vitrectomy is essential to facili-
tate their introduction and it is also important
to remember to remove any gel which may have
prolapsed into the subretinal space through the
GRT. Provided the entry points have been cho-
sen with care to facilitate access to the entire ex-
tent of the GRT it is rarely if ever necessary to
carry out a lensectomy. The detached pars plana
should be excised during this part of the proce-
dure, which will assist during the later internal
drainage and also reduces the risk of a persist-
ent proliferative scaffold and subsequent trac-
tional complications. In those cases complicated
by PVR, attention should also be paid to re-
moval of any surface membrane or distortion of
the posterior flap to assist in smooth reattach-
ment during PFCL exchange. If any associated
shortening is not relieved, there is a significant
risk of PFCL and/or silicone being forced into
the subretinal space.

6.4.3
Management of the Posterior Flap

After vitrectomy completion and removal of
any surface membrane, the repositioning of the
posterior flap can be addressed. The advent of
perfluorocarbon liquids has simplified this ma-
noeuvre enormously. Because of the surface
tension differences there is a greater likelihood
of posterior slippage with PFCL/air/gas ex-
change and for this reason the author’s prefer-
ence is to carry out a direct PFCL/oil exchange

7”%9;”@3;%\\9‘\?

Heavy Liquid

Fig.6.3a, b. Tamponade exchange. Fluid/gas/sili-
cone exchange (a) is more likely to induce posterior
slippage and is more time consuming than direct
PFCL/oil exchange (b)

[27] (Fig. 6.3). This is also simpler and quicker
since it avoids the interchange of air, gas and oil
and it is important to remember that the PFCL
is only being used as a peroperative tool to un-
fold the flap and maintain its position whilst the
permanent tamponade is introduced. It is un-
necessary and can be counterproductive to ex-
change the entire posterior segment for heavy
liquid since this increases the likelihood of
PFCL being forced into the subretinal space.

6.4.4
Retinopexy

Having successfully repositioned the giant tear,
there can be a tendency to consider the major
operative challenge to be complete. However, it
should be remembered that application of
retinopexy is the most important step in the en-
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tire surgical programme, since this will result in
success (or failure) of a permanent long-term
adhesion. Several aspects to the retinopexy
should be considered.

6.4.4.1
Timing

In most instances, retinopexy will be applied at
the time of the primary repair. However, rarely
the posterior flap can remain unstable and in
these instances it can be beneficial to posture
the patient postoperatively and apply
retinopexy once the position of the posterior
flap has stabilised. This is preferable to the un-
certainty of where to position the retinopexy
and the need for subsequent or repeated top-up
treatment. In those exceptional cases where a
scleral buckle has been necessary, then
retinopexy may need to be applied to that part
of the tear before the buckle is sutured into po-
sition.

6.4.4.2
Modality

Laser or monitored transscleral cryotherapy is
generally employed. Monitored cryotherapy un-
der indirect control is usually preferable be-
cause of the anterior position of GRT forma-
tion. It also provides a broader ribbon of
treatment as a safeguard in the event of any mi-
nor postoperative slippage or retraction in the
early postoperative phase and has the advantage
over laser of “lighting” up small satellite tears
which are so often found in association with the
main pathology and easily overlooked. Con-
versely, in cases with posterior extensions or
where a retinectomy has been necessary, en-
dolaser or endocryotherapy provides much eas-
ier access.

6.4.4.3
Delivery

Whichever modality (or combination) is cho-
sen, extreme care should be taken to ensure
continuity of treatment without any gaps and
particularly without re-treating any area al-
ready covered.

6.4.4.4
Prophylaxis for the Fellow Eye

In contrast to most other blinding retinal disor-
ders, blindness through retinal detachment is in
most cases potentially avoidable if a rationale
for the prediction and prevention of retinal de-
tachment could be developed. In the past this
goal has been frustrated by a lack of under-
standing of the factors influencing retinal de-
tachment even in high-risk groups.

Factors traditionally associated with retinal
detachment include refractive error, a positive
family history, visible lattice retinopathy and
fellow eye involvement, but the nature of these
associations is poorly understood. The preva-
lence of myopia varies enormously and even in
Stickler syndrome up to 20% of patients may
exhibit no significant refractive error. Many pa-
tients with GRT exhibit none of the accepted
risk features such as equatorial lattice retinopa-
thy and in those that do GRT formation occurs
anteriorly to this so that unsurprisingly retino-
pexy to areas of “visible” pathology is ineffective
in preventing subsequent GRT (Fig. 6.4).

Unlike horseshoe tear detachments where
the site of initiation can be very difficult to pre-
dict with accuracy, the surgeon has the advan-
tage of a reasonably accurate idea of where to
apply prophylaxis for GRT. The rationale for of-
fering prophylaxis in such high-risk cases is to
prevent progression of GRT to detachment by
applying treatment at the postoral retina and
the predicted site of giant tear initiation. The
application of this retinopexy is every bit as de-
manding as repair of a GRT itself with accurate
monitoring of every single application in a
planned fashion without gaps and extreme care
to avoid retreating any areas (Figs. 6.5, 6.6).

Both Type 1 and Type 2 Stickler syndrome
patients have a high risk of retinal detachment
and prophylactic 360-degree contiguous
retinopexy reduces the risk of retinal detach-
ment secondary to giant retinal tear from 70 %
to less than 7% [24].
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Fig. 6.4. Unsuccessful prophylaxis. Laser applied too
posteriorly to prevent giant tear progression. Only
eye, type 1 Stickler syndrome, fellow eye blind follow-
ing detachment

Fig.6.6. Effective prophylaxis. This giant tear oc-
curred 2 years after prophylaxis. Retinal detachment
did not ensue

Fig.6.5. Prophylactic 360-degree cryotherapy. Applied in contiguous “ribbon” to the postoral retina to prevent

giant tear progression from pars plana

6.5
Postoperative Care

With extensive tears, the tendency for slippage
of the posterior flap will persist during the ear-
ly postoperative period and appropriate postur-
ing of the patient to keep the tear stable is im-
portant whilst the retinopexy matures to full
strength. Appropriate face down posturing will
usually result in pronounced lid swelling during
the early postoperative phase as the oedema set-
tles under gravity to the lids and subcutaneous
tissues. Systemic non-steroidal anti-inflamma-
tory medication is highly effective for postoper-
ative analgesia in addition to topical treatment
with a steroid and mydriatic of choice.

6.6
Complications

6.6.1
Haemorrhage

Even in the absence of refractive myopia, many
eyes with giant tear will have megalophthalmos
with associated scleromalacia. Choroidal haem-
orrhage may occur due to fracture of vortex ves-
sels traversing a thin scleral passage with little
structural support, if the ocular pressure/vol-
ume relationships are not maintained at a con-
stant level throughout the procedure. Patients
with giant tear tend to have fragile scleral archi-
tecture and surgical manoeuvres should be gen-
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tle and unhurried throughout the procedure.
Although rarely necessary for giant tears, if a
scleral buckle is required it should be applied
with care to avoid inadvertent perforation, in-
carceration and haemorrhage.

6.6.2
Lens

The association between zonule abnormalities,
cataract and giant tear is well recognised and
not restricted purely to those conditions usual-
ly associated with ectopia. Even during other-
wise routine surgery, silicone or gas may present
into the anterior chamber, which may pose
problems with fundus visualisation preopera-
tively or pressure problems postoperatively [5],
and the surgeon should be prepared to antici-
pate this potential difficulty. All phakic patients
with giant tear will develop subsequent acceler-
ated cataract (typically at 15-18 months post gi-
ant tear) [18] and appreciation and anticipation
of problems during cataract surgery will help to
avoid an unnecessarily poor visual outcome to
an otherwise successful retinal repair. When
planning phacoemulsification for cataract fol-
lowing a previous giant tear repair the surgeon
should take into account the following factors:

1. The large globe with thin sclera and a vitrec-
tomised eye will be much more unstable than
for routine cataract surgery. The anterior
chamber depth may fluctuate considerably
during surgery and this can be uncomfort-
able for a patient under local anaesthesia.

2. The possible associated zonule abnormali-
ties compromising capsular bag support. If
cataract surgery is being combined with oil
removal, silicone may present to the anterior
chamber if the pressure is not maintained
during surgery. There may also be additional
difficulties during phacoemulsification ne-
cessitating a capsular tension ring to stabilise
the position of the posterior chamber im-
plant.

3. Higher incidence of cystoid macular oede-
ma. This can be reduced by pre- and postop-
erative cover with systemic non-steroidal
anti-inflammatory cover.

6.6.3
Recurrence

The majority of adult patients will present
acutely and the success rates with primary re-
pair are excellent. Recurrent detachment is un-
common and when it occurs is usually either
due to a new satellite tear or occasionally pro-
gressive shortening and reopening of alocalised
area of the original break. In either instance, the
use of primary silicone tamponade will usually
limit progression of the recurrent detachment,
which can frequently be repaired with either a
local explant or retinectomy prior to planned
subsequent oil removal.

In those cases presenting with advanced PVR
at presentation (typically children, adults with
penetrating trauma or late presentation) the
risk of redetachment is significantly higher fol-
lowing oil removal and the decision to proceed
with oil removal will be balanced on an individ-
ual basis relating to the perceived stability of the
retina, visual prognosis, the vision in the fellow
eye and patient preference.

6.7
Follow-up and Two-Stage Surgery

Silicone removal can be planned as a second
stage in the visual rehabilitation of the patient,
once the retinopexy has matured to full strength
and the retina is stable. Theoretically this could
be as early as a month, but in practical terms
some patients choose to defer further major
surgical intervention a little longer. In many in-
stances this has practical advantages as any pre-
existing myopia is reduced by the silicone tam-
ponade so that the patients can usually return to
work in the interim and silicone removal can be
timed to combine with cataract surgery, thereby
avoiding a third subsequent surgical interven-
tion.
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Summary for the Clinician

e There is likelihood of posterior slippage
with PFCL/air/gas exchange. It is recom-
mended to carry out a direct PFCL/oil
exchange. Monitored cryotherapy under in-
direct control is usually preferable because
of the anterior position of GRT formation.
Retinopexy restricted purely to areas of
visible pathology is ineffective in prevent-
ing subsequent GRT. The association
between zonule abnormalities, cataract
and giant tear is well recognised and not
restricted purely to those conditions
usually associated with ectopia. Even
during otherwise routine surgery, silicone
or gas may present into the anterior
chamber, which may pose problems with
fundus visualisation preoperatively or
pressure problems postoperatively. Silicone
removal can be planned as a second stage

in the visual rehabilitation of the patient,
once the retinopexy has matured to full
strength and the retina is stable
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Retinal Pigment Epithelium Differentiation 7

and Dedifferentiation

CARL SHERIDAN, PAUL HiscoTT, AN GRIERSON

e In their normal adult location, retinal
pigment epithelial (RPE) cells are highly
differentiated cells that undertake a variety
of specific tasks crucial to the well-being of
the photoreceptors. However, following
retinal insults ranging from inflammation
to ageing, these cells may switch from their
differentiated phenotype and begin to look
and act like macrophages or fibroblasts.
This change, or dedifferentiation, is
dependent on a variety of factors including
growth factors and extracellular matrix
with which the RPE cells are in contact.
The challenge for the future is to find ways
of reversing the process of RPE dedifferen-
tiation, a challenge that is of particular
relevance to RPE cell transplantation and
to the management of retinal diseases
such as PVR

7.1
Introduction

The retinal pigment epithelium (RPE) is a mul-
tifunctional cell that maintains the photorecep-
tors in optimal condition [7]. We have described
the RPE cell in its crucial homeostatic role as
being the nursemaid to the photoreceptors [22].
Protected and cosseted by the RPE cells, which
provide a whole range of housekeeping roles
that include storage of metabolites, nutrient
transport, barrier functions, free radical de-
fence and phagocytosis of spent outer segment
materials, the photoreceptors can survive a life-
time [7, 22] (see Fig. 7.1).

The normal RPE forms a mosaic of static,
hexagonal, polarized cells beneath the neural
retina (Figs.7.1, 7.2). A consequence of being
highly differentiated is the need for RPE cells to
maintain themselves outside the cell cycle. The
precise nature of the cell cycle checks and con-
trols that are necessary remains obscure but,
unlike photoreceptors that are terminally
differentiated, the RPE cells do retain the ability
to divide. In the healthy eye, however, the
turnover of RPE cells is remarkably low. On the
other hand, in tissue culture conditions [10, 29]
and pathologies such as PVR [30, 33] and PDR
[34], the RPE cells undergo dedifferentiation
and in these “adverse” environments they be-
come migratory and very actively proliferating
cells.
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Fig.7.2. A The normal RPE in histological sections
is seen as a pigmented monolayer beneath the retinal
photoreceptors. B In flat sections the RPE mosaic is
appreciated

7.2
Dedifferentiated RPE Cells

The transition from differentiated to dedifferenti-
ated cells has a dramatic functional and pheno-
typic effect on the RPE cells that are involved in
this process. At one time the changes in the RPE
were considered to be metaplasic [24], the cells
forming fibroblasts and macrophages. However,
the RPE cells do not become fibroblasts or
macrophages per se [22, 31], but merely look and
act like them with characteristics common to
both (see next section). Alternative descriptive
terminologies to “dedifferentiation” are “transdif-
ferentiation” and epithelial to mesenchyme tran-
sition. All three emphasize the magnitude of the
change in the RPE that clinically turns the RPE
cell from being a friend to a foe of the retina [22].

RPE cells going into their “repair mode”
complicate about 10% of simple detachments
and this figure has remained surprisingly con-
stant over the years. Why RPE cells dedifferenti-
ate is not always predictable but broadly relates
to such factors as the duration and extent of the
detachment or injury, the severity and persist-
ence of inflammation, the presence of appropri-
ate cytokines and growth factors, etc. Under the
detachment the RPE cells retract their surface
microvilli, become rounded and are variable in
size (Fig.7.3). At this stage they will incorporate
cell cycle markers. They start to detach from
their basement membrane and can form sheets
of cells under the retina usually called subreti-
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Fig.7.3. A scanningelectron micrograph of RPE un-
der a retinal detachment. The microvilli are retracted
and the cells have a rounded appearance

nal membranes. However, the more clinically
relevant event is the movement of mobile dedif-
ferentiated RPE cells through the retina or
through holes in the retina to form, along with
retinal glia and true fibroblasts, scar tissue
sheets that are better known as epiretinal mem-
branes. The epiretinal membranes, dominated
by dedifferentiated RPE cells in either a mac-
rophagic or fibroblastic phenotype, contract
and distort the retina, compounding the visual
defect and producing PVR. Contractile com-
pound epiretinal membranes also develop in se-
vere diabetic eye disease. Unlike PVR mem-
branes, these PDR membranes are usually vas-
cularized but, when a retinal hole is present, they
also usually are replete with fibroblastic and
macrophagic dedifferentiated RPE cells [34].
Aspects of the RPE dedifferentiation process
seen in the proliferative retinopathies in vivo
are reproduced when RPE cells grow in tissue
culture conditions. Many of the proliferating

cells are mobile and fibroblastic [29], whereas
non-dividing or poorly dividing cells retain an
epithelioid shape [10]. Although the fibroblastic
phenotype of the RPE abounds in tissue culture
[21, 24], the macrophagic form that is so com-
mon in pathological conditions is rarely ob-
served in RPE cultures.

If the RPE monolayer is only partly dissociat-
ed by enzyme treatment, then clumps of RPE
can be cultured (Fig. 7.4 A) and the clumps are a
useful model to observe and modulate the ded-
ifferentiation process in vitro (Fig.7.4B). The
cells at the centre of the clump remain differen-
tiated, static and non-proliferating, whereas the
cells at the periphery of the clump dedifferenti-
ate quickest and rapidly undergo the epithelial
to mesenchymal transition. As a result after a
few days in culture conditions you can follow a
clump from centre to periphery and undergo a
longitudinal journey down the path of dediffer-
entiation (Fig.7.4B).

If differentiation agents are introduced into
the culture medium, then RPE dedifferentiation
can be slowed down. We have experience with
retinoids, sodium butyrate and mushroom lectin
and all three are effective retarding agents. On the
other hand, growth factors like FGF, TGFbeta and
particularly HGF [12] accelerate either the prolif-
eration or the fibroblastic transition or both. The
use of cultured RPE cells for transplant to treat
macular and retinal degenerations is of consider-
able research and even practical clinical interest.
However, a full understanding of the biology of
RPE differentiation and its controls is essential if
transplant and even patching procedures are ever
going to progress beyond being just a nice idea.

Summary for the Clinician

¢ RPE cells do not become fibroblasts or
macrophages per se but merely look and act
like them. Under the detachment the RPE
cells retract their surface microvilli, become
rounded and are variable in size.
The epiretinal membranes, dominated by
dedifferentiated RPE cells in either a
macrophagic or fibroblastic phenotype,
contract and distort the retina compound-
ing the visual defect and producing PVR.
Aspects of the RPE dedifferentiation
process seen in the proliferative
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Fig.7.4. A After a few days in tissue culture a clump
of the RPE mosaic starts to become depigmented and
dedifferentiated at the periphery of the clump. B After
a few weeks depigmentation is seen throughout the

retinopathies in vivo are reproduced when
RPE cells grow in tissue culture conditions.
If differentiation agents are introduced into
the culture medium, then RPE dedifferen-
tiation can be slowed down. We have
experience with retinoids, sodium butyrate
and mushroom lectin and all three are
effective retarding agents

7.3

Detection of Dedifferentiated RPE Cells

in Tissues: Variations in Behaviour-Related
Proteins Fit Well with Proposed Differences
in Activities Between RPE Phenotypes

Perhaps not surprisingly, the expression pattern
of various surface and intracellular proteins
changes when the RPE cell dedifferentiates.
These changes presumably reflect altered RPE
cell behaviour. Thus a number of proteins asso-
ciated with the activities of differentiated RPE

clump. At the periphery RPE cells have elongated and
flattened, and many have a fibroblastic or macro-
phage phenotype

cell, such as the cellular retinol- and retinalde-
hyde-binding proteins that are involved in RPE
cell-photoreceptor interactions, are lost in RPE
cell dedifferentiation [1]. Conversely proteins
linked to activities that RPE cells undertake fol-
lowing dedifferentiation, including a variety of
cytoskeletal proteins that are associated with
cell migration and tissue contraction, are ac-
quired or increased in the dedifferentiated cells
[1, 15, 24, 50, 57]. Although changes in specific
proteins can help us to determine the activities
of a dedifferentiated cell, the attendant switch in
cell appearance makes it notoriously difficult to
determine the origin of the cell in a pathological
tissue such as a PVR epiretinal membrane. This
difficulty is especially the case for RPE cells,
which not only can adopt the morphology of
macrophages or fibroblasts but also tend to
“drop” their pigment while dedifferentiating.
Moreover, the problem is compounded because
other cells in such pathological tissues (includ-
ing retinal glia and haematogenous - or mo-
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Fig.7.5. Sections through the chorioretinal interface
stained by an immunohistochemical method to re-
veal the presence of cytokeratin subtypes (stained
with a red chromogen, haematoxylin counterstain).
The choroid is marked for orientation purposes (C).
Top Differentiated RPE cells express cytokeratins 8
and 18; middle control section in which an inappro-
priate antibody has replaced the cytokeratin anti-
body; bottom beneath a retinal detachment, some
RPE cells exhibit a rounded (epithelioid) shape and
appear to contain fewer, or even lack completely, cy-
tokeratins 8 and 18

nonuclear phagocyte system - macrophages)
tend to take up the pigment. Nonetheless, we
need to be able to identify the origins and activ-
ities of dedifferentiated cells that are involved in
retinal diseases if we are to understand the
pathobiology of, and develop logical therapeu-
tic strategies for, these conditions. Fortunately,
dedifferentiated RPE cells retain some groups of
proteins that are expressed by differentiated
cells and that are relatively specific to RPE cells
in the context of retinal pathology. Thus these
proteins can be used to detect (or “mark”) mor-
phologically altered RPE cells in the pathologi-
cal tissues of a variety of retinal diseases.

One of the best characterized “markers” of
dedifferentiated RPE cells is the family of cyto-
skeletal (intermediate filament) proteins known
as cytokeratins [29, 30, 32, 50]. There are over 20
members of this family. Fully differentiated RPE
cells express a cytokeratin pattern similar to that
seen in simple epithelia in which cytokeratins 8
and 18 are prominent (Fig. 7.5) [44, 50]. Although
these two proteins may be downregulated in the
epithelioid phenotype (Fig.7.5), fibroblastic RPE
cells are often found to contain them (Fig. 7.6). It
is uncertain whether this observation reflects a
direct transition from differentiated to fibroblas-
tic cell with retention of the two cytokeratins or a
re-emergence of cytokeratins 8 and 18 as epithe-
lioid cells become fibroblastic. Indeed, it is not
clear which of these “routes” (direct or via epithe-
lioid) from differentiated to fibroblastic cell oc-
curs in pathological tissues although the latter
route is observed in tissue culture (see above)
and both fibroblastic and epithelioid cells can be
seen in pathological tissue [35]. Since other fi-
broblastic RPE cells lack cytokeratins 8 and 18
even in the same tissue (Fig. 7.6), it is possible that
both routes are in operation.

One cytokeratin that we have not observed in
the differentiated RPE monolayer in situ but
that is quite abundant in dedifferentiated cells,
particularly fibroblastic ones, is cytokeratin 7
(Figs. 7.6-7.8). Our observations fit well with the
results of investigations on RPE overlying
choroidal melanomas in situ (see review by
Kivela and Uusitalo [44]) and with a more re-
cent study that employed proteome analysis in
cultured RPE cells [1]. Taken together, our find-
ings and these two studies provide strong evi-
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Fig.7.6. Sections showing fibroblastic dedifferenti-
ated RPE cells in subretinal membranes (SRM)
stained by an immunohistochemical method to re-
veal the presence of cytokeratin subtypes: stained
with a red chromogen (top) and a brown chromogen
(middle and bottom); haematoxylin counterstain. In
the SRM shown at the top, several of the fibroblastic
RPE cells have retained cytokeratins 8 and 18 (ar-
rows). In the SRM depicted in the middle and bottom,
most of the fibroblastic cells contain cytokeratin 7
(middle), including extremely spindle-shaped cells
(arrow). In this SRM, the fibroblastic RPE cells lack
cytokeratin 19 (shown at bottom) and also are devoid
of cytokeratins 8 and 18 (not shown)

dence that dedifferentiated RPE cells may or
may not retain cytokeratins 8 and 18, but that
cytokeratin 7 can be a major supplementary cy-
tokeratin in dedifferentiated cells.

Cytokeratin 7 is not the only cytokeratin to be
upregulated in dedifferentiated RPE cells. Cy-
tokeratin 19 also appears in dedifferentiated cells
although in our experience it is less abundant
than cytokeratin 7 in pathological tissues [50,57]
(Figs. 7.6-7.8). Nevertheless, this member of the
cytokeratin family is interesting because there is
evidence that cytokeratin 19 is expressed in mi-
gratory RPE cells. This raises the possibility that
cytokeratins are not only markers of origin for
RPE cells but also may provide information
about the activities of the cells. Indeed we have
found that an epitope of cytokeratin 18, that is
recognized by an antibody called RGEs3 and that
may be an alternatively phosphorylated type of
cytokeratin 18 [44, 50, 57], might too be linked to
cell migration. In fact, RGE53 staining appears to
be more widespread than cytokeratin 19 in
pathological tissues (unpublished observa-
tions). By comparing the distribution of these
two cytokeratins with extracellular matrix, cell
surface receptor or cytoplasmic molecules, it
may be possible to obtain information about the
mechanisms involved in dedifferentiated RPE
cell migration at the same time as confirming
the origin of the cell 35, 59].

Cell migration is important in the develop-
ment of pathological tissues because it may be in-
volved in contraction of reparative material and
also is to some extent thought to be responsible
for cellular recruitment to the tissue. One RPE
phenotype that is considered to be highly motile,
and which may be a “vehicle” type for getting to
tissues, is the macrophagic one. We have ob-
served macrophage-like CKi9-containing cells
that also contain CK7 but lack cytokeratin 8 and
18 (Figs. 7.7,7.8) in tissues. Interestingly, these cells
also express the protein CD68 (Figs. 7.7,7.8). CD68
is a surface and cytoplasmic protein that is high-
ly expressed by bone-marrow-derived macro-
phages. Although its function is unclear, CD68
may play a role in binding and internalization of
ligands and/or lysosomal activities in these cells
and it is not found in tertiary differentiated RPE
cell. However, it has been shown that cultured
RPE cells may synthesize CD68 and the protein
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Fig.7.7. Sections through a choroidal neovascular
membrane containing dedifferentiated RPE cells
stained by an immunohistochemical method (red
chromogen, haematoxylin counterstain) for cytoker-
atins 7 and 19, and for the macrophage marker
CD68 pg respectively. Cytokeratin-7-containing RPE
cells are more abundant than those containing cytok-
eratin 19. One cell is seen to label with both cytoker-
atins as well as CD68 pg (arrow)

has also been found in RPE cells adjacent to laser
damage [20, 46]. Therefore, CD68 expression can
be used to separate macrophagic RPE cells from
other RPE cell phenotypes and such expression
correlates well with the hypothesis that these
cells at least in part behave (as well as look) like
“proper” macrophages.

We have found pigmented cells which contain
CD68 but lack CK 8, 18, 7 and 19 (Figs. 7.7, 7.8).
Since these cells also lack the leucocyte common
antigen CD4s, which is present on most leuco-
cytes and is coexpressed with CD68 on bone-
marrow-derived macrophages [3, 39] (Fig.7.8),
the origin of these cells is uncertain although
they most probably represent macrophagic RPE
cells that contain other cytokeratin family mem-
bers. We have attempted to clarify the origin of
these cells with other function-related proteins
including those involved in melanogenesis such
as tyrosinase. Although it is unclear whether
adult RPE cells synthesize melanin, there is evi-
dence that they contain tyrosinase in several
species and that adult human RPE cells in tissue
culture (where they tend to be dedifferentiated)
can synthesize melanin in certain conditions (re-
viewed by Boulton 1998) [11]. We have attempted
to use tyrosinase as a marker for dedifferentiated
RPE cell generally, and specifically for macro-
phage-like RPE cell. We have been able to show
that in retinal detachment some, but not all,
macrophagic RPE cells contain both CD68 and
tyrosinase (Figs. 7.8, 7.9). Thus, by investigating
different cytokeratin subtypes and/or tyrosinase
in conjunction with CD68, we can demonstrate
that at least some pigmented macrophagic cells
in pathological tissues are indeed of RPE origin
and that during dedifferentiation these cells have
acquired parts of the functional “machinery” that
bone-marrow-derived macrophages possess.
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Fig.7.8. A cluster of dedifferentiated RPE cells
stained by an immunohistochemical method (red
chromogen, haematoxylin counterstain). Only one or
two cells contain simple epithelial-type cytokeratins
(closed arrowhead CK8 and 18) and all lack tyrosinase
(Tyro). Several cells contain cytokeratin 19 (closed ar-
rows CK19), but these cells mostly lack cytokeratin 7
(CK7). Cytokeratin 7 seems to be the most abundant-

Summary for the Clinician

e One of the best characterized “markers”
of dedifferentiated RPE cells is the family
of cytoskeletal (intermediate filament)
proteins known as cytokeratins. Dedifferen-
tiated RPE cells may or may not retain
cytokeratins 8 and 18, but cytokeratin 7 can
be a major supplementary cytokeratin in
dedifferentiated cells. CD68 expression can
be used to separate macrophagic RPE cells
from other RPE cell phenotypes. In general,

ly expressed of the cytokeratins investigated in this
tissue (CK7). A group of macrophage-like pigmented
cells that labels with CD68 pglacks cytokeratins 7 and
19 (open arrowheads CK19, CK7 and CD68) although
at least one other cell appears to label for CK19, CKy
and CD68 (open arrows). The macrophages lack CD45
although other CD4s5 positive cells are present (CD45)

the identification of various cytoplasmic
and cell surface proteins can help detect
dedifferentiated RPE cells in retinal pathol-
ogy. Furthermore, these investigations are
beginning to yield information concerning
the activities of these cells in the tissues.
Therefore, we are exploiting this approach
to examine other key proteins involved in
RPE differentiation, including junctional
proteins such as the connexins and the
cadherins, growth factors and extracellular
matrix (ECM) elements
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Tyrosinase

Fig.7.9. Sections through the choroid and RPE
stained by an immunohistochemical method for the
macrophage marker CD68pg and for tyrosinase
(stained with a red chromogen, haematoxylin coun-
terstain). Two CD68 positive cells stain for tyrosinase
(arrowheads) and two do not (arrows)

7.4

Experimental Studies

of RPE Cell Differentiation
and Dedifferentiation

Many growth factors and ECM proteins have
been implicated in the differentiation and ded-
ifferentiation of RPE cells in diseases such as
those seen in proliferative retinopathies. This
work has been mainly based on experimental
data obtained from either studies of in vitro cul-
tured RPE cells or histopathological studies of
surgically removed human tissue, or from using
suitable animal models. Studies such as these

have identified the RPE not only as an impor-
tant source of mediators (e.g. growth factors;
GF) involved in tissue maintenance and home-
ostasis in the differentiated monolayer but also
involved in the protracted wound repair
processes seen in diseases such as PVR. This en-
com- passes growth factor and ECM production
along with cellular migration, proliferation and
tissue contraction. Moreover, the RPE cell has
revealed itself to be a central cell type acting in
and regulating these processes.

7.4.1
Differentiation

Although in vitro cultures of human RPE cells
have been used extensively to elucidate cellular
functions, a note of care when interpreting re-
sults from different studies is required. It is es-
sential to realize that tissue culture conditions
are likely to provide an environment for RPE
cells to adopt a dedifferentiated morphology.
This can result in their ability to express func-
tions completely different from the highly dif-
ferentiated non-dividing RPE cells within the
monolayer in the normal eye [28, 66]. However,
by using specific measures, RPE cells in vitro
can be made to differentiate into a phenotype
resembling RPE in vivo, displaying polarity, a
columnar morphology, the presence of gap and
tight junctions as well as the presence of mi-
crovilli at their apical surface [8, 54, 66]. Unfor-
tunately, many publications fail to describe the
state of differentiation of the RPE cells under in-
vestigation, often rendering the findings of
these studies of limited value. RPE cells may be
cultured on filter systems, allowing evaluation
of polarized GF secretion, or in co-culture sys-
tems with choriocapillaris (CC) endothelial
cells or neuroretinal explants [8]. Exposing the
cells to substances relevant to the pathogenesis
of specific diseases, e.g. for AMD, rod outer seg-
ments (ROS) or advanced glycation end prod-
ucts (AGE), provides ways to investigate partic-
ular mechanisms involved in a specific disease
process such as lipofuscin formation and oxida-
tive stress in AMD [4]. There are obviously a
plethora of growth factors, ECM proteins and
cell-cell interactions involved in both the differ-
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entiation and dedifferentiation of RPE and as
such each topic will be discussed briefly, using
specific examples where appropriate to high-
light the depth and complexity of these interac-
tions.

7.4.1.1
Cell-Growth Factor Interactions

The differentiated RPE cells serve many func-
tions including storage of essential reserves and
metabolites for the photoreceptors; they actas a
barrier between the leaky choroidal vessels and
the neural retina, they scavenge free radicals
and also they actively transport materials to the
photoreceptors. Being pigmented, they absorb
stray light and help to create a clear image. Col-
lectively the differentiated RPE cell performs
functions essential for photoreceptor survival
and secretes factors important for homeostasis
of the outer neuroretina. Due to the polarized
nature of the RPE cells, they can secrete compo-
nents in a directional fashion. For example, ma-
trix metalloproteinase-2 (MMP-2), tissue in-
hibitor of metalloproteinase-1 (TIMP-1) and
hyaluronan are synthesized by the RPE and are
secreted preferentially from the apical surface
towards the photoreceptors [55], while TIMP-3,
fibroblast growth factor 5 (FGE-5), interleukin-6
(IL-6) and interleukin-8 (IL-8) are secreted
from the basolateral surface towards the under-
lying choroid [16, 19, 38]. The polarization of
RPE cells is a dynamic event that is under con-
stant regulation by signalling molecules coming
from the choroid and the retina or extracellular
stimuli. Extracellular matrix components from
RPE modulate the polarity of secretion of an-
giogenic factors, such as vascular endothelial
growth factor, from the RPE [8]. Thus the polar-
ity of the RPE plays a role in maintaining a bal-
ance of secreted factors essential for the func-
tional RPE. Indeed the complexity of RPE
function is readily demonstrated when we in-
vestigate how the monolayer maintains a
healthy underlying choroid with pro-angio-
genic factors while maintaining anti-angiogenic
properties to prevent abhorrent vessel growth.
Clinical and experimental observations show
that in the normal adult eye, destruction of the
RPE by laser invariably leads to atrophy of the

CC and photoreceptors, which is preceded by
loss of fenestrations of the CC endothelium. Nu-
merous studies have illustrated that one of the
functions of the RPE may be to lend trophic
support to the retina by production of neu-
rotrophic GF such as nerve growth factor
(NGF), brain-derived growth factor (BDNF)
[40] and pigment epithelium-derived factor
(PEDF) [40, 41]. BDNF may also promote differ-
entiation of the RPE itself in an autocrine man-
ner [25]. PEDE, a 50-kDa secreted glycoprotein,
is an important neurotrophic factor and has
been shown to contribute to survival and differ-
entiation of photoreceptor and neuronal cells of
the retina and central nervous system [5, 14].
Both in vivo and in vitro, PEDF is mainly pro-
duced by highly differentiated RPE cells [53]. In
addition to its neurotrophic properties, PEDF is
a potent inhibitor of angiogenesis. PEDF may
contribute to maintaining the angiogenic bal-
ance in ocular tissues as it is responsible for ex-
cluding vessels from invading the retina, vitre-
ous and cornea [9] and as it is downregulated in
human and experimental conditions with ocu-
lar neovascularization, such as proliferative
retinopathy and exudative AMD [53]. These bio-
logical activities are of great importance for the
development and maintenance of normal phys-
iological functions in the eye.

In addition to these angiogenesis inhibitors,
the RPE has been convincingly shown to pro-
duce the pro-angiogenic VEGF-A, both in vivo
and in vitro. In vitro, VEGF production is con-
siderably higher in differentiated than in undif-
ferentiated RPE cells, a finding that supports a
physiological role of VEGF-A [8].In vitro, VEGF
secretion by highly differentiated RPE cells was
shown to be directed preferentially towards the
basal side of the cells [8], whilst in vivo in the
adult human choroid, the VEGF receptors 1, 2
and 3 are expressed by the CC endothelium on
its side facing the RPE cells [8]. As VEGF can act
as a survival factor for endothelial cells [4], and
as it induces a fenestrated permeable endothe-
lial phenotype [18], these findings indicate that
VEGF-A is involved in the physiological mainte-
nance function of the resting RPE on the
choroid [8]. Indeed, in line with this view, it was
shown that in the absence of an RPE layer, the
choroid does not develop and it has been sug-
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gested that VEGF is one of the factors involved
in choroidal development driven by the embry-
onic RPE, a paracrine relationship that may per-
sist throughout life to maintain the CC [67].
However, the expression of other members of
the VEGF family indicates there are several
factors also likely to have a role in this function.
Indeed, constitutive expression of placenta
growth factor (PIGF) in mouse choroid [56] has
recently been demonstrated as has VEGFR-3, a
ligand for VEGF-C and -D (but not for VEGEF-
A), in the human CC in vivo [8].

7.4.1.2
Cell-ECM Interactions

Although for the context of this chapter the cell-
ECM interactions and cell-growth factor inter-
play have been divided into separate sections
for convenience, there is considerable overlap
between these groupings. For instance, not only
does the substrate on which a cell resides influ-
ence its response to a specific factor but also
growth factors themselves can often be found to
be resident ECM proteins. Interestingly, bio-
chemical and immunochemical studies have
identified PEDF as a extracellular protein local-
ized in the interphotoreceptor matrix (IPM),
vitreous and aqueous of several mammalian
species [6].

In the normal eye, the direct cell-ECM inter-
action with the RPE monolayer is at the apices
of the RPE closely applied to the photoreceptor
outer segments and IPM whilst the basal sur-
faces of the RPE adhere to Bruch’s membrane.

Bruch’s membrane is a basement membrane
complex located between the retinal pigment
epithelium (RPE) and the choroid, and it is a
pentalaminar structure with a central elastin
layer bordered on either side by a collagenous
zone. There is the basal lamina of the RPE at the
innermost collagenous layer of Bruch’s mem-
brane and a second basal lamina, produced by
the endothelial cells of the choriocapillaris,
which is juxtaposed to the outer collagenous
layer. Although much more remains to be
learned, the basic ultrastructural organization
and biochemical composition of Bruch’s mem-
brane are similar to basement membrane com-
plexes in other tissues, such as the choroid

plexus, kidney glomerulus, and airway alveoli,
where an epithelial-endothelial juxtaposition
occurs. All ionic exchange and metabolic traffic
from the neural retina and RPE to the choroidal
capillaries, and vice versa, must traverse Bruch’s
membrane, thus leaving the neural retina vul-
nerable to any disruptions of those processes. It
is well documented that Bruch’s membrane un-
dergoes a number of changes throughout life
that include increased thickening, protein
cross-linking and reduced permeability to nu-
trients as well as increased amounts of lipid
deposition and the accumulation of basal lami-
nar deposits and drusen (for more detailed re-
views see later in this book).

The composition of Bruch’s membrane ap-
pears to alter with age, but at any time of life the
membrane contains a variety of components.
Constituents which have been reported in
Bruch’s membrane include proteoglycans such
as heparan and chondroitin sulphate, collagens
such as types I and III to VI collagen, and glyco-
proteins such as laminin and fibronectin (re-
viewed by Campochiaro et al. 1986; Marshall et
al. 1993 [13, 48]). However, the distribution of the
individual components varies between layers of
the membrane. Thus not surprisingly types I, III
and V collagen are found chiefly in the inner
and outer collagenous zones [47] whilst colla-
gen type IV and laminin are found in the base-
ment membranes of the RPE and of the chorio-
capillaris. Although there appears to be more
immunoreactivity for both proteins in the CC, it
may be that this difference reflects variation in
the availability of antigenic sites between the
two basement membranes.

Marshall and colleagues [47] found focal
deposition of laminin in the inner collagenous
laminar immediately adjacent to the RPE base-
ment membrane; these authors suggested that
the laminin patches may represent anchoring
plaques in a rudimentary basement membrane
complex. However, there is still a gap in our
knowledge as to the exact composition of
Bruch’s membrane and all receptors are recep-
tors involved in RPE-Bruch’s interactions. This
is despite the explosion of new information over
the last decade or so regarding composition of
basement membrane components elsewhere in
the body and the number of potential receptors.
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If we take laminin as an example of a protein
known to be present in Bruch’s membrane, it is
not in fact a single protein but a complex of
multi-domain proteins built up from different
modules. The diversity of the molecules is made
greater by the occurrence of homologous but
distinct o, 3, and y chains which combine into
different trimeric isoforms and can be com-
pounded further with different variants due to
alternative splicing and proteolytic processing.
At least 12 known forms of laminin trimer show
arestricted expression in basement membranes
and although at least one member of the a-, -,
and y-chain families appears to be present in
every basement membrane studied, this does
not preclude the presence of other laminins
[64].

The presence of laminin in potential adhe-
sion plaques in the inner part of Bruch’s mem-
brane is consistent with the expression of cell
surface receptors known as P, integrins for
which laminin isoforms are ligands [17] on nor-
mal RPE [2]. Since integrins (heterodimeric re-
ceptors composed of an o and a  subunit) are
major cell surface receptors which mediate ad-
hesion, it may be that interactions between f3,
integrins on the RPE basal aspect and matrix
components such as laminin and type IV colla-
gen in Bruch’s membrane play an important
role in RPE adhesion to the membrane. Consis-
tent with this theory, recent in vitro studies
demonstrate that blocking B, integrins with ap-
propriate antibodies reduces the RPE attach-
ment rate to Bruch’s membrane [37].

Plaque-like adhesions would not only pro-
vide attachment for RPE to Bruch’s membrane
but also could permit indirect contact between
RPE and components “deeper” in Bruch’s mem-
brane (e.g. in the inner collagenous zone).
These components would in turn be in a posi-
tion to signal to the cells. However, the integrity
of Bruch’s membrane and of the RPE cells them-
selves is also a key component in this interac-
tion. This has been clearly demonstrated in the
work investigating RPE cell transplantation.
Cellular adhesion is key for the survival of any
epithelia and the RPE cell requires adhesion to a
suitable substrate if it is to avoid undergoing
death by anoikis (apoptosis induced by detach-
ment of a cell from a substrate) or apoptosis. In-

deed work by Tezel and Del Priore [61] showed
that RPE cells die within 24h if attachment to
Bruch’s membrane has not occurred. Further-
more, even in successful RPE transplants into
laboratory animals onto a normal Bruch’s mem-
brane or onto in situ RPE cells, there are consid-
erable numbers of transplanted cells, which do
not adhere and subsequently die.

Adhesion to Bruch’s membrane is therefore a
crucial step in the success of the transplant pro-
cedure. However, the condition of Bruch’s mem-
brane, which affects RPE adhesion (see above),
will be difficult to predict and varies with each
patient. That deterioration of Bruch’s mem-
brane is problematic is supported by the work
of Del Priore and Tezel [62], who have shown
that RPE cells have markedly different settle-
ment rates on the different layers and compo-
nents of Bruch’s membrane. Furthermore, much
less adhesion occurs to the deeper levels of
Bruch’s membrane than to the RPE basal lami-
na. Furthermore, aged cells appear to be much
less adept at repopulating Bruch’s compared to
fetal cells. In addition, Shirigami et al. [60] have
shown that embryonic RPE cells are unable to
differentiate on severely damaged Bruch’s
membrane. On the other hand, cultured RPE
harvested from older donor eyes can attach and
grow well, and reach confluence in culture, on
substrates such as bovine ECM coated culture
dishes. Work by Tsukahara and colleagues [63]
has shown that freshly isolated autologous cells
do not adhere as well to or survive on surfaces
similar to that found in patients following
removal of CNVs. Few if any cells were seen to
survive on the submacular basement mem-
brane or on the inner collagenous layer. This
implies that attachment followed by prolifera-
tion would not repair such a defect. Indeed it
has recently been shown that RPE basement
membrane supports RPE resurfacing of local-
ized defects but the deeper portion of the inner
collagenous layer impedes such repopulation
[65]. However, these fundamental differences
show that cells can be manipulated in culture
prior to transplantation into the eye and it is
perhaps this point that bodes well for the future
of transplantation.
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Summary for the Clinician

e The polarity of the RPE plays a role in
maintaining a balance of secreted factors
essential for the functional RPE. One of
the functions of the RPE may be to lend
trophic support to the retina by production
of neurotrophic GF such as nerve growth
factor (NGF), brain-derived growth factor
(BDNF) and pigment epithelium-derived
factor (PEDF). In vitro, VEGF secretion by
highly differentiated RPE cells was shown
to be directed preferentially towards the
basal side of the cells

¢ In the normal eye, the direct cell ECM
interaction with the RPE monolayer is at
the apices of the RPE closely applied to the
photoreceptor outer segments and IPM
whilst the basal surfaces of the RPE adhere
to Bruch’s membrane. It may be that
interactions between P, integrins on the
RPE basal aspect and matrix components
such as laminin and type IV collagen in
Bruch’s membrane play an important role
in RPE adhesion to the membrane.
Adhesion to Bruch’s membrane is a crucial
step in the success of an eventual transplant
procedure. Cells can be manipulated in
culture prior to transplantation into the eye
and it is perhaps this point that bodes well
for the future of transplantation

7.4.2
Dedifferentiation

As outlined in the above sections the RPE cell
normally is a differentiated cell, and as a conse-
quence it is maintained out of the cell cycle of
division, but unlike its neighbour the photore-
ceptor cell the differentiation is not terminal. In
numerous retinal pathologies including inflam-
mation and vascular disease, RPE cells change
from being differentiated, stationary and non-
dividing cells into undifferentiated, migratory
and proliferating ones. This loss of differentia-
tion is associated with a change in appearance
to one more characteristic of a fibroblast or
macrophage (Fig.7.10). Proliferating RPE cells
in culture have the characteristics of the undif-

ferentiated RPE cells that are seen in retinal
pathologies. Therefore, they are of considerable
use to us for studying in simple models the role
of RPE in scar formation.

7.4.2.1
Cell-Growth Factor Interactions

There have been a number of growth factors
and enzymes that have been implicated in
RPE dedifferentiation in various retinopathies
such as PVR. These include hepatocyte growth
factor/scatter factor (HGF), platelet derived
growth factor (PDGF-B), tumour necrosis fac-
tor (TNF-a), TGF-p and connective tissue
growth factor (CTGF), MMP-2 and MMP-g. In
the context of PVR these factors will be dis-
cussed in greater depth elsewhere in this book
(see Chap. 9 by D. Charteris). However, a brief
discussion of the cellular effects of HGF on RPE
as an example of growth factor-RPE cell interac-
tion is outlined below.

HGF is a glycoprotein that causes epithelial
cells to become fibroblastic and mediates epithe-
lial-mesenchymal interactions in many tissues.
It has autocrine-paracrine activity in RPE cells
and is a major regulator of RPE barrier function.
It does not take much of a leap to think that the
HGF/SF and c-Met system could play a key role
in the RPE loss of communication, shape change
and mobilization so important to the early
pathogenesis of PVR. It turns out, not too sur-
prisingly, that HGF/SF may well be a key player.
Human RPE cells do not form particularly good
colonies so scattering cannot easily be appreciat-
ed in culture. On the other hand, these cells do
undergo an impressive elongated shape change
to a more fibroblastic appearance in the pres-
ence of HGF/SF [12]. In addition, HGF/SF is a
weak mitogen but an effective motogen for cul-
tured human RPE cells [23, 45]. Since migratory
RPE cells are a key factor in retinal pathology,
HGF/SF may play an important role in a variety
of retinal diseases including PVR membrane
formation. Indeed, we have found positive im-
munohistochemical localization of the HGF/SF
receptor c-Met to cells in PVR epiretinal mem-
branes [12]. Subsequent work in our laboratory
has established a co-distribution of c-Met and
cytokeratin (epithelial marker) in at least some
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Fig.7.10. Schematic diagram illustrating the pheno-
typic changes that the RPE cell can undergo. Photomi-
crographs illustrate known immunochemical markers
for each phenotype (see text). The factor(s) that drive

of the epiretinal membranes. Further, work by
others [45] found that three out of three PVR
membranes contained cells positively im-
munostained for the c-Met receptor whereas
only one out of three idiopathic epiretinal mem-
branes was positive. That glial cells rather than
RPE cells predominate in many idiopathic
membranes is the probable explanation for the
lack of positive cells seen by the authors.

Based on current thinking it would be un-
likely for any of the major constituent cells in id-
iopathic epiretinal membranes (glia, fibroblasts
and inflammatory cells) to carry the c-Met re-
ceptor. It does appear likely that the vitreous in
PVR patients contains more HGF/SF than the
vitreous of patients with pathologies associated
with little proliferative and migratory behav-
iour such as macular holes. However, the values
for individual patients can be extremely vari-
able. Values published by Nishimura et al. [52]

these phenotypic changes are not entirely known,
whilst the challenge in RPE transplants is whether the
dedifferentiated cell can be differentiated fully (dotted
arrow), (?) = possible additional dedifferentiation route

ranged between 1.10 and 7.38 ng/ml whereas our
own figures gave a range of 3 ng/ml going up to
250 ng/ml [12]. Such variation is intriguing but
by no means exceptional for studies of cytokine
distribution in vitreoretinal diseases. However,
at least some of the HGF/SF is active and mature
because PVR vitreous can induce scattering of
colonies of MDCK cells [12].

Limited evidence is available in the literature
on c-met receptor distribution in the neural
retina [45]. RPE cells also are producers of
HGF/SF. He and co-workers [27] consider, on
the basis of positive RT-PCR and ELISA assays
on serum starved RPE in culture, that the cells
produce message for HGF/SF and secrete the
peptide into the culture medium. These authors
think that RPE cells are one of the cell types, un-
common in the body as a whole but strangely
prevalent in the eye, that express both the recep-
tor and the growth factor (perhaps indicating
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an autocrine loop). Alternatively, others [45]
have failed to identify HGF/SF production by
RPE in culture. As a result of these findings it is
suggested that HGF/SF reaches RPE by a
paracrine route. It remains to be established
which observation is correct.

7.4.2.2
Cell-ECM Interaction

Cell-matrix interactions are also key to the
pathogenesis of retinopathies such as PVR, and
PVR membranes often contain numerous ded-
ifferentiated RPE cells along with a number of
extracellular proteins. The extracellular pro-
teins include the adhesive proteins like collagen,
laminin and fibronectin as discussed above;
however, several matricellular proteins that
have potential counteradhesive functions have
also been localized. Two such matricellular pro-
teins, thrombospondin 1 and osteonectin (or
SPARC: secreted protein acidic and rich in cys-
teine), tend to be co-distributed with the dedif-
ferentiated RPE cells in PVR membranes [59].
Their ability to modulate focal cell adhesions
implies that thrombospondin 1 and SPARC may
reduce RPE cell-matrix adhesion and so permit
the key RPE cellular activities characterized in
dedifferentiation such as migration, shape
change and proliferation [36].If we are to obtain
a functioning monolayer on Bruch’s membrane
by transplantation, establishment and mainte-
nance of differentiated cells is imperative and
the effect of the plethora of factors that can
cause RPE cells to dedifferentiate including
ECM proteins, growth factors such as HGF see
also Chap. 9 by D. Charteris) as well as even the
vitreous itself may need to be neutralized.

7.4.2.3
In Vitro Collagen Gel Model
of RPE Dedifferentiation

Following the discovery of a number of factors
associated with RPE dedifferentiated in vivo, we
and others have further examined their role in
more detail using an in vitro model of RPE ded-
ifferentiation. We have adapted an in vitro mod-
el [49] of cell-matrix interactions (i.e. the colla-
gen matrix system) for this purpose (Fig. 7.11).

The mechanisms by which RPE cells inter-
act with collagen matrices are beginning to
be understood and we have recently published
data relating some of the different mecha-
nisms involved [58]. It is apparent that these
mechanisms may depend on cell surface re-
ceptors such as integrins, cell-ECM interac-
tion via glycoproteins (such as TSP1 and SPARC
[26, 36,], lectins [42, 43] or enzymatic interven-
tion, i.e. matrix metalloproteinases or MMPs)
[58].

The model has been utilized to examine cell-
cell, cell-ECM and cell-GF interaction. We have
shown that TSP1 and SPARC are present during
collagen contraction, but neutralising these gly-
coproteins with monoclonal antibodies has not
prevented RPE cells from dedifferentiating and
contracting the surrounding collagen matrix.
However, antibodies directed against cell sur-
face receptor integrins a2 and p1 subunits have
significantly prevented RPE-mediated collagen
matrix contraction [58].

We have also shown there is a role for MMPs
during RPE cell mediated contraction of colla-
gen matrices [58]. Using various techniques
(immunohistochemistry, ELISA, zymography),
we were able to show expression of a number of
MMPs during the contraction assay. Further-
more, the evaluation of a broad-spectrum MMP
inhibitor, a hydroxamic derivative known as
Galardin-MPI, which is known to inhibit the ac-
tivity of all MMPs, has helped to determine that
MMP production within the collagen gels was
essential rather than incidental. We have shown
that Galardin-MPI has no effect on cell viability,
adhesion or proliferation and as such its anti-
contractile effects appear to be via inhibition of
MMPs [58]. What was of particular interest,
however, was that even when RPE cells are seed-
ed on the same substrate (collagen type I) in
otherwise identical conditions, they can still
adopt different morphologies depending on
whether the cells are seeded within or on the
substrate [21, 49, 58].

Although many of the proteolytic enzymes
produced by RPE cells in situ probably are api-
cally secreted towards the interphotoreceptor
matrix (which occupies the subretinal space be-
tween the photoreceptors and is composed of
large glycoproteins and proteoglycans: see [51]
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Fig.7.11 A, B. Photomicrograph of RPE cells within
a collagen matrix. The cells are immunochemically
positive for cytokeratin 18 (A) and adopt a fibroblast

for review), it is possible that such enzymes also
would allow the cells to modify their underlying
matrix after synthesis and deposition. It is
known that RPE cells in culture are capable of
producing a range of enzymes which lyse a vari-
ety of matrix proteins [58], including matrix
metalloproteinases. There is now evidence that
RPE cells in situ also make some of these en-
zymes as well as tissue inhibitors of the en-
zymes [55]. Perhaps the balance between matrix
metalloproteinases and their tissue inhibitors
supports the strong adhesion that the normal
RPE has for components of Bruch’s membrane.
Loss of this balance might play an important
role in the early stages of PVR and other retinal
pathologies.

spindle shaped morphology. B Corresponding DIC
micrograph of A

Summary for the Clinician

o Proliferating RPE cells in culture have the
characteristics of the undifferentiated RPE
cells that are seen in retinal pathologies.
Therefore, they are of considerable use to
us for studying in simple models the role
of RPE in scar formation. RPE cells do
undergo an impressive elongated shape
change to a more fibroblastic appearance
in the presence of HGF/SF. We have found
positive immunohistochemical localization
of the HGF/SF receptor c-Met to cells in
PVR epiretinal membranes. Two matri-
cellular proteins, thrombospondin 1 and
osteonectin (or SPARC: secreted protein
acidic and rich in cysteine), tend to be
co-distributed with the dedifferentiated
RPE cells in PVR membranes. They permit
the key RPE cellular activities characterized
in dedifferentiation such as migration,
shape change and proliferation
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Risk Factors in Proliferative Vitreoretinopathy

CHEE HING KON, PARIS TRANOS, GEORGE WILLIAM AYLWARD

e Clinical and biological risk factor analysis
has a major impact on the management
of proliferative vitreoretinopathy (PVR)

e Understanding risk factors helps us
improve surgical techniques and devise
new drug therapies

e Prediction of the probability of PVR
formation can categorize patients into
high and low risk

o Risk factors used for prediction include PVR
grade, crystalline lens status, uveitis, size of
retinal detachment, vitreous haemorrhage
and the previous use of cryotherapy

e Adjuvant drug therapy can be targeted at
patients who are at high risk of developing
PVR

8.1
Introduction

Modern vitreoretinal surgery has greatly im-
proved the success rate of retinal reattachment
surgery. Proliferative vitreoretinopathy (PVR)
is still the most important cause of failure of
surgery. The understanding of risk factors in-
volved in the development of PVR can have a
major impact on the management of retinal
detachment surgery, for example if cryothera-
py is known to be a risk factor, the alternative
technique of laser retinopexy should be consid-
ered.

Our increasing knowledge of the biological
risk factors and pathological processes can con-

tribute to the development of new drug treat-
ments targeted at specific pathological path-
ways.

Clinical and biological risk factors can be
used to predict the probability of PVR forma-
tion in a particular patient. Using this informa-
tion, patients at high risk of developing PVR can
be targeted for adjuvant drug treatment.

8.2
Clinical Risk

8.2.1
Preoperative Risk Factors

8.2.1.1
Vitreous Status

The state of the vitreous and its association with
the development of PVR remains controversial.
Vitreous haemorrhage, incomplete posterior
vitreous detachment and vitreous syneresis
have been suggested to be risk factors.

Vitreous haemorrhage in retinal reattach-
ment surgery may occur either preoperatively
following development of retinal breaks, intra-
operatively associated with surgical manipula-
tions or more rarely postoperatively usually as a
result of residual vitreous traction to retinal
vessels with or without formation of recurrent
retinal breaks. Although the association be-
tween vitreous haemorrhage and PVR has been
reported in several studies [7, 28, 56, 60], it is de-
batable whether the former constitutes an inde-
pendent risk factor [19].

Oguchi was the first to postulate that blood
elements could induce “connective tissue prolif-
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eration” on the retinal surface [51]. Subsequent
animal studies have shown that intravitreal in-
jection of whole blood or red blood cells stimu-
lates the formation of glial epiretinal mem-
branes [20, 46]. The investigators suggested that
injection of autologous red blood cells into the
vitreous induces a phagocytic response. Haemo-
globin particles released from lysed erythro-
cytes are removed by intravitreal or extravitreal
macrophages. This low grade chronic inflam-
matory response results in focal dissolution of
the inner limiting membrane (ILM), allowing
Miiller cell processes and astroglial cells to mi-
grate through the breaks in the ILM and prolif-
erate on the retinal surface [46]. In the vitreous
cavity these cells de-differentiate into non-spe-
cific fibroblasts and lay down newly formed col-
lagen [17].

In addition, serum components including fi-
bronectin and platelet-derived growth factor
(PDGF), along with other factors released by in-
creased retinal pigment epithelial cell prolifera-
tion and migration, result in the development of
PVR [46].

Clinical studies investigating the role of vit-
reous haemorrhage in PVR formation have
been inconclusive. Grizzard et al. in a prospec-
tive study of retinal detachments treated with
scleral buckling reported that vitreous haemor-
rhage was a significant risk factor for poor
anatomical surgical outcome [28]. Similarly, To-
lentino in a series of 54 cases observed that vit-
reous haemorrhage was a common precipitat-
ing factor for development of PVR [56].
Subsequent studies have also demonstrated that
the incidence of preoperative vitreous haemor-
rhage was significantly higher in eyes with evi-
dence of PVR either at the initial presentation
or following retinal reattachment surgery [7,
60]. However, Kon and Ducuesne in two
prospective studies of 140 and 48 eyes respec-
tively showed that preoperative vitreous haem-
orrhage is not an independent risk factor for the
development of postoperative PVR in rheg-
matogenous retinal detachment [19, 37].

The inconsistent results above are predomi-
nantly attributable to the different study de-
signs, inclusion criteria and diversity in surgical
techniques used. The wealth of evidence sug-
gests that an association exists between vitreous

haemorrhage and PVR; however, whether vitre-
ous haemorrhage is an independent risk factor
remains to be fully evaluated in the future.

The presence of incomplete posterior vitre-
ous detachment (PVD) in patients with retinal
detachment has also been implicated as a risk
factor in the development of both pre- and post-
operative PVR [7 12]. Capeans et al, in a
prospective, controlled study of 102 eyes with
retinal detachment, reported that the prevalence
of partial PVD in eyes complicated by PVR was
87% as opposed to 35% in the control eyes with
no evidence of PVR [12]. In addition, over a
mean follow-up of approximately 6 months the
incidence of recurrent retinal detachment due to
postoperative PVR was 33% and 4.9% in eyes
with or without incomplete PVD respectively. It
seems that in eyes with partial PVD, the posteri-
or hyaloid remains attached to the retina by
means of either early proliferative tissue or some
previous abnormal vitreoretinal adherence. The
predisposition to PVR is thought to be associat-
ed with the regulatory role of the vitreous on
retinal pigment epithelial (RPE) cell behaviour
when they come into contact [12].

Proliferative vitreoretinopathy in the pres-
ence of partial PVD can occur with or without
syneresis of the vitreous gel. Tolentino, in his se-
ries of eyes with massive preretinal retraction,
reported that in all cases the fundamental find-
ing was extensive degeneration and shrinkage
of the posterior vitreous cortex, which re-
mained adherent to the detached retina [56].
Conversely, other studies show that incomplete
PVD with no collapse of the vitreous gel may be
a determining factor in the development of se-
vere PVR [7].

8.2.1.2
Preoperative PVR

A number of studies have identified the presence
of preoperative PVR (Fig. 8.1) as a major risk fac-
tor for the development of postoperative PVR [,
18, 25, 37, 50]. Girard et al. in a large retrospective
study of 1,020 patients with no or up to Grade C1
PVR at initial presentation reported that preop-
erative PVR Grade A and to a lesser extent Grade
C were significant predictive variables for post-
operative PVR [25]. Moreover, Bonnet et al. in two
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Fig.8.1. Preoperative PVR as a risk factor

studies, demonstrated the clinical correlation be-
tween preoperative PVR Grade B or C and the de-
velopment of postoperative PVR [6, 7]. More re-
cently, Kon et al. in a prospective study of 140
patients who underwent primary pars plana vit-
rectomy for retinal detachment found that pre-
operative PVR Grade C involving more than
1clock hour of the retina constitutes a significant
risk factor for postoperative PVR [37]. However,
in this study PVRs of Grade A or B were not eval-
uated as risk factors as a large number of these
patients did not require vitrectomy.

Although the strong association between
pre- and postoperative PVR is widely accepted,
it remains controversial which stage of preoper-
ative PVR poses the greatest risk. It has been
suggested that Grade A and B represent an im-
mature form of PVR with a definite potential for
progression, whereas Grade C may represent a
spontaneously arrested, non-evolutive form of
the disease. However, other studies have con-
firmed that the presence of clinically significant
primary PVR (greater than stage C1) is an inde-
pendent risk factor for developing postopera-
tive PVR [37, 58].

In general, preoperative PVR of any grade is
associated with variable breakdown of the
blood-ocular barrier and consequent genera-
tion and upregulation of chemical mediators as-
sociated with inflammation and wound healing.
Despite intraoperative attempts to remove these
epiretinal membranes, their growth is likely to
continue to be stimulated, often resulting in
postoperative PVR [18, 37,50].

8.2.1.3
Aphakia

Chignell et al. were the first to associate aphakia
with PVR, reporting that 34% of patients who
developed postoperative PVR which resulted in
failure of retinal reattachment surgery were
aphakic [15]. Kon et al. in a prospective study
classified the crystalline lens status into phakia
and aphakia [37]. Pseudophakia with breached
posterior capsule (e.g. following laser capsulo-
tomy) was classified as aphakia while pseudo-
phakia with intact capsule was classified as
phakia. The authors identified aphakia to be an
independent risk factor for PVR in patients un-
dergoing primary vitrectomy for retinal detach-
ment [37]. Other studies, however, did not find
aphakia to be a risk factor [6].

Interestingly, in aphakic patients, other coex-
isting clinical factors have been found to be as-
sociated with higher risk of developing PVR
and include choroidal detachment, duration of
retinal detachment longer than 3 months, reti-
nal breaks larger than three disc diameters and
cataract surgery complicated by vitreous loss
[48, 49].

Although the pathological mechanism by
which aphakia could be related to the develop-
ment of PVR remains unclear, functional or me-
chanical breakdown of the blood-ocular barrier
may play a major role. It has been reported that
the disruption to the blood-retinal barrier is
more significant after intracapsular as opposed
to extracapsular cataract extraction [47]. It
seems that the intact posterior lens capsule pro-
vides a physical barrier moderating transmis-
sion of inflammatory cytokines from the anteri-
or chamber into the vitreous cavity. The dis-
ruption of the blood-retinal barrier associated
with aphakia may permit serum factors to in-
vade the vitreous, resulting in induction of the
PVR process.

8.2.1.4
Retinal Breaks

The type of retinal break not only may affect the
clinical features of a rhegmatogenous retinal
detachment but also influences its prognosis
[44]. Proliferative vitreoretinopathy is more
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Fig.8.2. Giant retinal tears with large exposed area
of RPE carry a significant risk of developing PVR

likely to complicate retinal detachments caused
by horseshoe- or crescent-shaped tears with ev-
idence of vitreous traction. Conversely, PVR is
not typically associated with retinal dialysis,
round holes or macular holes [6, 44, 60]. The
size and number of retinal breaks is also a sig-
nificant determinant for the development of
PVR. Giant retinal tears or large breaks with the
exposed area of RPE more than three disc diam-
eters have been found to carry a significant risk
[6, 18, 25] (Fig.8.2). Machemer suggested that
the high incidence of PVR following surgery for
giant retinal tears might be related to the large
surface area of bare RPE exposed to the vitreous
[43]. Those RPE cells could collapse the vitre-
ous, induce preretinal membrane formation
and exert tractional forces. Equally, in patients
with unsealed retinal breaks after retinal reat-
tachment surgery, viable RPE cells are exposed
to the vitreous contributing to the development
of PVR [18, 60].

Since the total surface area of bare RPE in
retinal breaks appears to be a highly significant
parameter, it has been postulated that early de-
struction of these cells with the aid of laser pho-
tocoagulation may reduce the risk of PVR. How-
ever, to date, there have been no clinical studies
conducted to support this hypothesis.

8.2.1.5
Choroidal Detachment

Preoperative choroidal detachment in patients
with rhegmatogenous retinal detachment is a
rare occurrence and is usually associated with
myopia and ocular hypotony. However, choroi-
dal detachment appears to be significantly more
common in patients who develop PVR. Cowley
reported that choroidal detachment may be an
independent risk factor for PVR since it is asso-
ciated with the breakdown of blood-retinal bar-
rier with subsequent stimulation of membrane
formation and tractional retinal detachment
[18].

Similarly, retinal detachment surgery which
is complicated by postoperative choroidal de-
tachment may also be associated with a higher
risk of PVR. In a large retrospective study of
1,020 retinal detachments with no or mild pre-
operative PVR, Girard et al. identified that post-
operative choroidal detachment is a significant
predictive factor for postoperative PVR [25].

Although it is very difficult to alter the effect
of preoperative choroidal detachment on the
development of PVR, it has been suggested the
use of steroids and vitreoretinal microsurgery
may minimize the risk of postoperative PVR as-
sociated with choroidal detachment [2].

8.2.1.6
Duration and Size of Retinal Detachment

The duration of retinal detachment has also
been reported to be a risk factor for the develop-
ment of PVR [50, 60]. Proliferative vitreo-
retinopathy typically does not develop immedi-
ately following a stimulus. In eyes with long-
standing retinal detachment the RPE cells are
exposed to the vitreous body over a prolonged
period. This prolonged exposure allows suffi-
cient time for the RPE cells to migrate into the
vitreous, transform and proliferate, leading to
formation of contractile membranes.

A number of studies have reported a correla-
tion between the size of retinal detachment and
the severity of PVR. Girard et al. identified reti-
nal detachment involving more than two quad-
rants to be a significant risk factor [25]. It has
been suggested that extensive retinal detach-
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ment may be associated with greater break-
down of the blood-ocular barrier which in-
creases the risk of PVR. Moreover, the rupture
of the blood-ocular barrier is further exacerbat-
ed by the requirement of extensive surgery that
may be employed for the management of large
retinal detachments [50].

8.2.1.7
Intraocular Inflammation

The development of contractile PVR mem-
branes can be likened to the healing phase of the
inflammatory response. There is much clinical,
histological and experimental evidence that in-
flammatory cells including macrophages and
lymphocytes play an important role in its patho-
genesis.

Experimental models of PVR in which in-
travitreal injection of autologous cells has been
performed have shown that death of the inject-
ed cells stimulates an inflammatory response
that plays a part in subsequent cellular events.
Breakdown of the blood-retinal barrier second-
ary to inflammation allows serum proteins to
diffuse into the retina and vitreous cavity. Some
of these, including platelet-derived growth fac-
tor and fibronectin, are involved in the develop-
ment of PVR by their regulatory effects on RPE
and glial cells [24].

Clinical studies have confirmed the above
experimental results, identifying the presence
of intraocular inflammation at initial examina-
tion of patients with retinal detachment as a sig-
nificant risk factor for the development of PVR
[18,25].

8.2.1.8
Trauma

PVR is a common complication following me-
chanical ocular injuries. It occurs in approxi-
mately 4-19 % of cases and its incidence varies
depending on the type and nature of the trauma
[13]. Eyes with a history of perforating injury
have the highest frequency of PVR followed by
globe rupture, penetrating injury, intraocular
foreign body and ocular contusion. The high in-
cidence of PVR in these eyes may be due to the
displacement, proliferation and migration of

RPE cells during the initial ocular trauma re-
sulting in membrane formation.

The strongest predictor of PVR in eyes which
have suffered mechanical injury is the presence
of vitreous haemorrhage. Moreover, the amount
of blood seems to be an important determinant
for the development of traction retinal detach-
ment. Other independent risk factors of PVR
following ocular trauma include extensive, pos-
teriorly located wounds and persistent intraoc-
ular inflammation [13].

Despite surgical advances in the manage-
ment of open globe injuries, PVR remains a
devastating complication resulting in poor visu-
al outcome. Eyes which develop PVR after trau-
ma are more likely to suffer visual loss com-
pared with those that do not.

8.2.2
Intraoperative Risk Factors

8.2.2.1
Cryopexy

Transcleral cryotherapy is a widely accepted
technique of retinopexy in retinal reattachment
surgery. It induces an inflammatory reaction,
which results in development of strong adhesive
forces and chorioretinal scarring between the
retina and RPE layer.

Although there is vast clinical experience to
support the safety and efficacy of cryotherapy,
several clinical and laboratory studies have
shown that cryotherapy may be implicated in
the development of postoperative PVR [10, 12,
18,26]. Cowley et al., in a retrospective review of
607 eyes with retinal detachment, the majority
treated with scleral buckling, found that cryo-
therapy is an independent risk factor associated
with PVR [18]. The stimulating effect of cryo-
therapy for postoperative PVR appears to be
more prominent in eyes with evidence of preop-
erative PVR or large retinal breaks as opposed
to cases where retinal detachment is associated
with atrophic holes in lattice, oral dialyses, mac-
ular holes, or horseshoe tears with mobile pos-
terior edges [8,12].

Animal and human experimental models
have shown that following application of cry-
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Fig.8.3. In high risk cases of PVR, including eyes
with preoperative PVR or eyes requiring extensive ar-
eas of chorioretinal adhesion, laser retinopexy should
be considered

opexy an alteration in cellular adhesion of RPE
cells to Bruch’s membrane causes release of RPE
cell clumps into the vitreous. These clumps con-
tain viable RPE cells, indicating that the area of
altered cellular adherence may be more exten-
sive than the area of cell death; hence viable cells
around the margin of an area of cryogenic
necrosis are released [10, 26, 42]. Interestingly,
diathermy does not release viable RPE cells
probably because its coagulative effect on pro-
teins is associated with more cell death and less
disruption of cell adherence [10].

In addition to dispersion of RPE cells into the
vitreous, both cryopexy and laser photocoagu-
lation induce an inflammatory reaction which
results in breakdown of blood-ocular barriers.
This allows the release and upregulation into
the vitreous of serum components including
fibrin and fibronectin that enhance the ability of
RPE cells to migrate into the vitreous cavity and
accelerate a wound healing response leading to
formation of PVR membranes [1, 10, 26, 31].

Despite its association with postoperative
PVR, cryotherapy remains a valuable tool in vit-
reoretinal surgery and its cautious use should
be encouraged. However, in high risk cases of
PVR, including eyes with preoperative PVR or
eyes requiring extensive areas of chorioretinal
adhesion, alternative methods of retinopexy
such as laser should be considered when appro-
priate (Fig. 8.3).

8.2.2.2
Internal Tamponade Agents

Air, gas and silicone oil are the mainstays of in-
ternal tamponade in vitreoretinal surgery. Al-
though silicone oil has been widely used in com-
plex vitreoretinal cases including retinal
detachment complicated by PVR, experimental
studies have shown that intravitreal silicone oil
injection may stimulate membrane formation
and subsequent tractional retinal detachment
[39]. It has been suggested that silicone-filled
vitreous induces increased mitogenic activity in
RPE cells compared to gas- or fluid-filled eyes.
Silicone oil may increase proliferative activity by
acting either as a direct mitogen or by releasing
more or different growth factors. Another possi-
ble mechanism is that it may concentrate active
factors in a smaller aqueous volume between the
silicone oil and the retinal surface [39].

Although some studies have reported low
rates of PVR with intravitreal air, others have
identified air tamponade as a risk factor for
PVR [25]. In a retrospective multivariate analy-
sis, Girard et al. identified the use of air tampon-
ade to be associated with increased risk of PVR
compared with other tamponading agents. PVR
developed in 24 % and 13 % of eyes that had un-
dergone intravitreal air injection with or with-
out vitrectomy respectively. The authors postu-
lated that especially in vitrectomized eyes, the
short-lived tamponade effect provided by air is
not sufficient to ensure retinal reattachment,
leading potentially to PVR [25].

8.2.2.3
Surgical Technique

Pars plana vitrectomy is gaining increasing
popularity in retinal reattachment surgery. Al-
though initially reserved for complex vitreoreti-
nal cases, many surgeons consider primary vit-
rectomy as the treatment modality of choice for
retinal detachment repair. However, it has been
suggested that the use of vitrectomy in the man-
agement of retinal detachment may predispose
to postoperative PVR. Cowley reported that vit-
rectomy was the strongest risk factor for PVR
independent of the indication for which it was
performed [18].
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Table 8.1. Clinical risk factors: the pathological mechanisms in the development of PVR

Clinical risk factors

Breakdown of blood-ocular

Dispersion of RPE cells

barrier/serum components
into the vitreous

+
+
4

Vitreous haemorrhage
Preoperative PVR
Aphakia

Large retinal breaks =
Choroidal detachment

+

Long duration of retinal detachment -
Extensive retinal detachment
Intraocular inflammation
Trauma

Silicone oil tamponade

Air tamponade

Cryopexy

+ 4+ 4+ o+ o+

Pars plana vitrectomy

+ o+

Other experimental animal studies have also
shown that mechanical stimulation, irrigation
solution, fluctuation of the intraocular pressure
and intraocular illumination may be responsi-
ble for the breakdown of both blood-aqueous
and blood-retinal barrier that occurs during
pars plana vitrectomy [55]. The breakdown of
the blood-ocular barriers may stimulate the cel-
lular processes implicated in PVR. In addition,
removal of vitreous gel with or without induc-
tion of posterior vitreous detachment is often
associated with the occurrence of iatrogenic
retinal breaks. This results in release of viable
RPE cells into the vitreous both during the de-
velopment of the break and following retino-
pexy.

Although reports suggest that pars plana vit-
rectomy may be associated with PVR, it still re-
mains an effective and irreplaceable technique
in vitreoretinal surgery. Judicious use of vitrec-
tomy in cases that cannot be managed by cry-
obuckling procedures is probably advisable in
order to minimize the risk of postoperative
PVR.

Pneumatic retinopexy has also been impli-
cated in the development of PVR. During the
procedure the expanding gas bubble injected
into the vitreous causes the subretinal fluid to

be squeezed through the open break. This re-
sults in disruption of the blood-ocular barrier,
increase in vitreous flare, and migration and
proliferation of RPE cells into the vitreous cavi-
ty potentially inducing PVR [29].

Summary for the Clinician

e Knowledge of the numerous clinical risk
factors (Table 8.1) implicated in the devel-
opment of PVR has changed our mana-
gement strategy for retinal reattachment
surgery, for example the use of laser instead
of cryotherapy

e Important clinical risk factors to consider
include preoperative PVR, aphakia,
preoperative inflammation, size of
detachment, vitreous haemorrhage and
the use of cryotherapy

e C(linical risk factors are also used to help us
identify high risk patients so that they may
be targeted for possible adjuvant therapy
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8.3
Biological Risk Factors

Proliferative vitreoretinopathy may develop as a
response to a break in the integrity of the inter-
nal limiting membrane of the retina. It is a com-
plex process which involves a series of biochem-
ical and cellular interactions similar to those of
the wound healing response with inflammation,
migration, and proliferation of a variety of cells
combined with secretion and remodelling of
the extracellular matrix. Inflammatory cells
such as monocytes, macrophages, neutrophils
and lymphocytes play a critical role in these
processes, providing cytokines, growth factors
and important proteolytic enzymes which in-
teract and mediate in the development of PVR.

8.3.1
Vitreous Protein

Total vitreous protein represents the sum of all
detectable proteinaceous components in the
vitreous. Although it is not specific for individ-
ual biological factors, it provides information
on the state of inflammation, breakdown of the
blood-ocular barrier and the severity of wound
healing. Many studies have evaluated the associ-
ation between vitreous protein levels and PVR
in patients with retinal detachment. Connor et
al. reported a fivefold increase of vitreous pro-
tein in patients with preoperative PVR as op-
posed to those without PVR, while Kauffman et
al. found a threefold increase [16, 33]. Other
studies have reported that for each milligram
increase in the protein level the odds of devel-
oping PVR are increased by 1.10 times [37].
Overall, the level of vitreous protein in eyes
complicated by retinal detachment appears to be
a significant predictor for the development of
PVR. Methods of measuring vitreous protein are
advancing and the time taken to do so is shorten-
ing. It is now feasible to carry out intraoperative
measurement of vitreous protein concentration,
which can provide valuable information regard-
ing the potential risk of PVR; decisions can there-
fore be taken on whether aggressive pharmaco-
logical treatment modalities should be employed.

8.3.2
Cytokines

Cytokines are polypeptides acting as chemical
communicators between cells by binding to spe-
cific receptors on the surface of target cells.
Moreover they regulate cellular migration, pro-
duction of extracellular matrix and contraction.
Most cytokines are growth and/or differentia-
tion factors and although their exact role in the
pathogenesis of PVR has not been fully eluci-
dated, many studies have indicated that they act
in opposition or synergistically on target cells to
induce the various orderly sequences of events
in wound healing. The important cytokines that
have been implicated in the development of
PVR are described below.

8.3.2.1
Transforming Growth Factor- (TGF-f3)

Transforming growth factor-p is a family of
dimeric polypeptide cytokines which are found
in large quantities in platelets and are secreted
by a variety of cells including activated lympho-
cytes, macrophages, fibroblasts and RPE cells.
Although there are three main isoforms of TGF-
B (types 1-3), Pfeiffer et al. concluded in their
study on monkey eyes that type 2 is the predom-
inant isoform in the retina and vitreous [53].
TGF-B is an accelerator of wound healing
and appears to be important in fibrotic process-
es such as PVR.Its effects in vivo are dependent
on many factors including the type of the target
cell and the presence of other growth factors.
TGF-pB upregulates the synthesis of fibronectin,
increases the deposition of collagen and fibro-
nectin and has chemotactic properties for
monocytes and fibroblasts. In addition, it en-
hances the degree of collagen contraction by
both fibroblasts and RPE cells [52].
Immunohistochemical studies by Baudouin
et al. have detected TGF-p1 in cells from the vit-
reous and subretinal fluid of patients with PVR
[5]. Other studies have reported increased vitre-
ous levels of TGF-B2 in patients with retinal de-
tachment complicated by primary or postoper-
ative PVR compared with those who did not
develop PVR [52]. TGF-f2 levels in the vitreous
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increase with increasing severity of PVR, sug-
gesting that inhibition of TGF-f2 activity may
have the potential to control the severity of the
PVR disease process.

8.3.2.2
Platelet-Derived Growth Factor

This monomeric polypeptide is released from
platelets during thrombus formation but is also
produced by other cells including monocytes,
endothelial cells and fibroblasts [54]. Platelet-
derived growth factor (PDGF) is a wound heal-
ing cytokine and acts as a chemoattractant as
well as a potent mitogen for neutrophils, mono-
cytes, fibroblasts and glial cells. Moreover, it
stimulates the production and contraction of
extracellular matrix.

Several studies have suggested an important
role for PDGF in PVR. Campochiaro et al. have
shown that PDGF is a potent stimulator of RPE
migration when compared with other growth
factors, while cultured RPE cells produce PDGF-
like proteins which are capable of stimulating fi-
broblast chemotaxis and proliferation [11]. Us-
ing immunostaining techniques, PDGF recep-
tors have been detected on the RPE cells within
PVR membranes, unlike normal RPE cells,
which have no evidence of these receptors. In
addition, experimental animal models have
shown that intravitreal injection of PDGF and
fibronectin results in development of PVR and
tractional retinal detachment [59].

8.3.2.3
Hepatocyte Growth Factor

Hepatocyte growth factor (HGF), also known as
scatter factor, is a multipotential cytokine that
can produce a range of responses in target cells.
It is a heparin-binding glycoprotein, originally
derived from platelets, which predominantly
acts on epithelial cells, where it has mor-
phogenic and mitogenic activities [9]. HGF
interacts with a variety of extracellular mat-
rix molecules. Pro-inflammatory cytokines
including tumour necrosis factor (TNF) and
interferon-gamma upregulate expression of HGE,
while HGF itself upregulates expression of
TGE-.

Injury to the retina induces an inflammatory
response that increases HGF expression induc-
ing migration of multilayered groups of RPE
cells. Immunohistochemical studies have shown
that HGF induces RPE cells to acquire an elon-
gated shape with a more fibroblastic appear-
ance typical of cell morphology found in PVR
[27,30].

Increased expression of HGF has been re-
ported in human PVR membranes and in the
vitreous of PVR patients, and there is a tenden-
cy towards higher HGF levels with increasing
severity of PVR [27,30].

8.3.2.4
Interleukins

The interaction between immune and inflam-
matory cells is mediated by proteins, termed in-
terleukins (IL), that are able to promote cell
growth, differentiation, and functional activa-
tion. Among the different types of interleukins,
it is only IL-1B, IL-6 and IL-8 that appear to be
involved in the development of PVR.

Interleukin-1B belongs to a family of two
functionally related proteins (the other being
IL-1) that are pro-inflammatory molecules.
Their production occurs soon after injury or
microbial invasion. IL-1f is also a stimulant for
other cytokines including IL-6 and has been
shown to be chemotactic to human RPE cells,
which participate in the PVR process [34]. Pre-
vious studies have reported increased vitreous
levels of both protein and mRNA encoding IL-
1B in patients with PVR, indicating local pro-
duction of the cytokine by vitreous cells and the
significant contribution of the invading cells in
PVR pathogenesis [22].

Interleukin-6 participates in the wound
healing process by stimulating the proliferation
of fibroblasts and glial cells and the synthesis of
collagen. Several studies have reported elevated
levels of IL-6 in vitreous specimens of patients
with PVR [22,36]. In addition, IL-6 mRNA-pos-
itive cells have been detected in PVR mem-
branes, providing further evidence of their role
in the development of PVR [41].

Interleukin-8 is a chemotatic factor and acti-
vator of neutrophils and lymphocytes. It has also
been recognized as a potent agent causing vas-
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cular permeability and angiogenesis [23]. IL-8
alone or in combination with other cytokines
appears to play a role in the pathogenesis of PVR
by promoting fibrocellular proliferation [23].

8.3.2.5
Fibroblast Growth Factors

Fibroblast growth factors (FGFs) exist in two
closely related forms, acidic-FGF (a-FGF) and
basic-FGF (b-FGF). They are mitogenic for fi-
broblasts, endothelial and RPE cells and have an
influence on the synthesis and distribution of
extracellular matrix. The physiological role of
FGF in the retina includes neovascularization of
ocular tissue and neuronal wound healing [45].

Malecaze et al., using immunohistochemical
techniques, detected the presence of a-FGF in
PVR membranes. Other studies have reported
increased levels of both a-FGF and b-FGF in
cells derived from vitreous samples and subreti-
nal fluid of patients with PVR [14, 38].

8.3.2.6
Tumour Necrosis Factor Alpha

Tumour necrosis factor alpha (TNF-a) is a cy-
tokine whose presence has been implicated in the
development of PVR.It is known to be chemotac-
tic for monocytes and fibroblasts, and it acts syn-
ergistically with interferon gamma and inter-
leukin-1 in the induction of intercellular ad-
hesion molecule-1 by RPE cells. TNF-« is often
derived from activated macrophages although in
PVR membranes, RPE and glial cells may also be
a source. Generally TNF-a is a major regulator of
RPE activation responses, including cell attach-
ment, spreading, chemotaxis, and migration,
which may contribute to the immunochemical
process of PVR. Both mRNA and its proteins are
widely expressed in the vitreous of patients with
PVR and in PVR membranes [21, 32].

8.3.2.7
Matrix Metalloproteinases

The migration, proliferation, differentiation, ad-
hesion and other biological functions of cells
are influenced to a large extent by the surround-
ing extracellular matrix. The matrix metallo-

proteinases (MMPs) are a family of enzymes
that degrade and remodel the extracellular
matrix, playing a central role in wound heal-
ing. These molecules are produced by a variety
of cells involved in the wound healing pro-
cess, whilst their activities are regulated by the
tissue inhibitors of matrix metalloproteinases
(TIMMPs).

Immunohistochemical studies have detected
MMP-2, MMP-3 and TIMP-1 in epiretinal and
subretinal membranes of PVR but not in normal
retina, indicating that these enzymes may play an
important role during the development of PVR
following rhegmatogenous retinal detachment
[57]. Other prospective studies have demonstrat-
ed a significant association between vitreous lev-
els of MMP-2 and MMP-9 with the development
of postoperative PVR, suggesting that MMPs may
be important predictors of PVR [35].

8.3.2.8
Adhesion Molecules

Cellular mechanisms of adhesion and migration
are involved in the pathogenesis of PVR. Both
macrophages and lymphocytes are present in fi-
brocellular membranes surgically removed from
patients with PVR. The recruitment of leuco-
cytes to sites of inflammation requires their ad-
hesion to vascular endothelium and their subse-
quent migration into surrounding tissue. This
complex process is mediated through multiple
adhesion molecules present on the surface of
leucocytes and endothelial cells.

Two important groups of adhesion mole-
cules implicated in the development of PVR are
the intercellular adhesion molecule-1 (ICAM-1)
and the vascular cellular adhesion molecule-1
(VCAM-1). Soluble forms of these molecules
have been found to be increased in the vitreous
of patients with retinal detachment complicated
by PVR [4]. Limb et al. reported that soluble
ICAM-1 was significantly higher in vitreous
samples from eyes with retinal detachment and
at high risk of developing PVR as opposed to
those from eyes with retinal detachment at low
risk of developing this complication [40].

Overall high vitreous levels of ICAM-1 and
VCAM-1indicate a high degree of inflammation
and a high risk of occurrence of PVR.
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Summary for the Clinician

e PVRis a complex pathological process
comprising inflammatory and immune
responses as part of the wound healing
event

e Cytokines, growth factors and enzymes
provide communication between partici-
pating cells and regulate the wound healing
response

e Increased levels of cytokines and enzymes
that have been investigated and thought to
be important in the formation of PVR
include TGF, PDGF, HGF, interleukins, FGF,
TNE and matrix metalloproteinases

e Total vitreous protein represents the sum of
all proteinaceous components present in
the vitreous, including cytokines. Total
vitreous protein is easy to measure intra-
operatively and although non-specific, may
be used to indicate the general level of
cytokine activity and predict the likelihood
of PVR formation

e In the future, better and quicker methods
of detecting individual vitreous cytokines
may improve our predictive ability

8.4
Prediction of Risk for PVR

Clinical and biological risk factors have consis-
tently been reported in the literature to be pre-
dictive for the development of PVR. Recent re-
search has focused on the prevention of PVR by
the introduction of adjuvant agents such as
steroids, heparin, 5-fluorouracil and daunoru-
bicin [2]. These drugs although effective in re-
ducing the risk of PVR may potentially be toxic
to ocular tissues. Hence, identification of eyes at
greatest risk of developing PVR and targeting
treatment to these cases would increase the ben-
efit:risk ratio of these treatments.

Recent studies have analysed several risk
factors and developed formulas which pre-
dict the probability of an individual developing
PVR [3,37]. Asaria et al. constructed a risk pre-
dicting formula and applied it to 219 pati-
ents undergoing vitrectomy for retinal detach-
ment [3].

The equation used to calculate the risk of
postoperative PVR was:

PVR score:

= 2.88x(Grade C PVR)+1.85x(grade B PVR)
+2.92X(aphakia)

+ 1.77X(anterior uveitis)+1.23x(quadrants of
detachment)

+ 0.83x(vitreous haemorrhage)+23x(previous
cryotherapy)

One or zero is added to the equation if the risk
factor is present or absent respectively. For quad-
rants detached, a value of 1-4 should be added. If
the PVR score is greater than 6.33, then the pa-
tient is at high risk.

The efficacy of this formula in predicting
PVR was found to be good. Only 9.2% of pa-
tients in the low risk group as opposed to 28 %
in the high risk group developed postoperative
PVR. However, further studies are required to
confirm these results as well as to calculate the
risk of PVR following buckling procedures. The
identification of high risk patients using readily
accessible clinical tools such as the formula de-
scribed above is of vital importance as this
group of subjects can be targeted for aggressive
treatment, which may moderate the risk of post-
operative PVR.

Summary for the Clinician

e A useful tool for the clinician to identify
high risk patients for adjuvant therapy:
PVR score:
= 2.88X(Grade C PVR)+1.85% (grade B PVR)
+2.92X (aphakia)

+ 1.77X (anterior uveitis)+1.23X (quadrants
of detachment)

+ 0.83x(vitreous haemorrhage)+23X (previ-
ous cryotherapy)
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Prevention of Proliferative Vitreoretinopathy

DAviD G. CHARTERIS

Core Messages

e Proliferative vitreoretinopathy (PVR)
remains an important cause of surgical
failure and visual loss following retinal
detachment

e Analysis of the pathobiology of PVR
provides the basis to design strategies for
preventing PVR development or recurrence

e Retinal detachment cases at high risk of
PVR can be identified on the basis of their
clinical features

e Selection of appropriate surgical
techniques for retinal detachment repair
can reduce the incidence of PVR and
improve surgical outcomes

e A peroperative infusion of 5-fluorouracil
and low-molecular-weight heparin reduces
PVR development in high-risk retinal
detachments

e Peroperative daunomycin infusion reduces
reoperations in established PVR

9.1
Introduction

9.1.1
Proliferative Vitreoretinopathy

Proliferative vitreoretinopathy (PVR) is a
process of cellular proliferation, extracellular
matrix deposition and membrane formation
and contraction which occurs as a complication
of retinal detachment [14, 44]. The accepted
standardised descriptions and grading of PVR
refer to the clinical condition which follows
rhegmatogenous retinal detachment [40, 53];
however, variants of PVR also occur after ocular
trauma and other intraocular pathologies.

9.1.2
Incidence/Clinical Relevance

Recent reports on success rates in primary rheg-
matogenous retinal detachment document the
incidence of PVR at between 5.1% and 11.7% [8,
20, 25,27, 30, 31, 51]. Where there is a final failure
of retinal reattachment surgery this is due to
PVR in over 75% of cases [17, 46, 53].

In other vitreoretinal conditions the inci-
dence of PVR is higher, for example following
giant retinal tears PVR has been reported to oc-
cur in between 16 % and 41% of eyes [12, 13, 35,
37, 56]. In eyes sustaining penetrating ocular
trauma PVR has been documented in between
10 % and 45 % of cases [10,18, 23,26, 29,34, 41-43,
50, 52, 62], the incidence being higher in perfo-
rating (through and through) and blunt injuries
and lower in cases of intraocular foreign body
[10]. PVR has also recently been shown to be an
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important complication of retinal translocation
surgery for age-related macular degeneration
occurring in between 10 % and 18 % of eyes [21,
24, 45].

Success rates for vitreoretinal surgery on
eyes which have developed PVR have improved
markedly as vitrectomy techniques have evol-
ved. Lewis, Aaberg and Abrams have reported fi-
nal posterior reattachment rates of 9o % for ini-
tial PVR surgery and 86% for repeat surgery
[38, 39]. In the Silicone Study final posterior
reattachment was achieved in 77 % of eyes man-
aged with silicone oil and 79% of those man-
aged with C3F8 gas [54, 55]. Despite these high
anatomical success rates visual results are fre-
quently poor after PVR surgery. In the Lewis,
Aaberg and Abrams series [38, 39], of the eyes
with full posterior reattachment, after initial
PVR surgery 19 % and after repeat surgery 11%
attained 20/100 vision. In the Silicone Study,
overall 25 % attained 10/100 vision [54, 55]. Sim-
ilarly binocular visual outcome is often unsatis-
factory - it has been reported that following
PVR surgery over 50 % of patients describe their
visual comfort as medium to bad [1].

It is, however, notable that where a patient
has undergone surgery for PVR the fellow eye
may also have poor vision. Schwartz and
Kreiger [49] reported vision-threatening patho-
logy in over 50% of fellow eyes (75% of these
had retinal tears or detachment). Of the fellow
eyes 47 % had final vision of 20/50 or worse and
half of these had visual acuity of 20/250 or less.

Given the continued incidence of PVR in
rhegmatogenous retinal detachment, its higher
incidence in other vitreoretinal conditions, the
unsatisfactory visual results of surgery (despite
reasonably good anatomical success rates) and
the uncertain status of the fellow eye, there is a
clear need for adjunctive strategies to prevent
the initial development and the recurrence of
PVR. Such strategies involve both surgical con-
siderations and potentially the use of pharma-
cological or biologically active treatments.

9.2
PVR Pathobiology

Extensive laboratory research over the last
30 years has provided data on the pathobiology
of PVR. A review of this data provides a basis for
the rational design of adjunctive therapeutic
strategies for the prevention and management
of PVR.

9.2.1
PVR Evolution [14, 44]

Rhegmatogenous retinal detachment is conven-
tionally viewed as the starting point for PVR de-
velopment. A retinal tear, in addition to allowing
egress of vitreous cavity fluid into the subretinal
space, results in the dispersion of a variable
quantity of retinal pigment epithelial (RPE)
cells into the vitreous cavity, where they can
play a role (with other cell types) in epiretinal
membrane formation. The blood-retinal barri-
er (BRB) breakdown which follows retinal de-
tachment appears to have a central role in the
dispersion of cells and growth factors which
promote the further evolution of PVR. Situa-
tions where there is a greater degree of BRB
breakdown such as extensive vitreous haemor-
rhage and pre-existing uveitis have a higher in-
cidence of PVR. Subsequent cellular prolifera-
tion and extracellular matrix elaboration results
in the formation of fibrocellular epiretinal and
subretinal membranes. Cellular proliferation in
the vitreous base is an additional factor causing
vitreoretinal traction. These contractile mem-
branes produce the characteristic clinical fea-
tures of established PVR [40, 53].

9.2.2
Cellular Involvement

Analysis of PVR epiretinal and subretinal mem-
branes together with animal models has gener-
ated data on the cell types found in PVR [14, 44].
These are generally considered to be of four
types: RPE cells, glial cells, inflammatory cells
and cells of fibroblastic morphology.
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Fig.9.1. RPE cell clumps in the anterior vitreous of a
patient with retinal detachment and early PVR

RPE cells are released into the subretinal
space and vitreous cavity (Fig. 9.1) at the time of
a retinal tear and retinal detachment and are a
consistent finding in PVR membranes. It is no-
table that both clinical [28] and experimental
[9] studies have demonstrated that trans-scleral
cryotherapy applied to eyes with retinal detach-
ment enhances the dispersion of viable RPE
cells into the vitreous cavity.

Glial cells have been shown to be present in
PVR membranes and may be derived from
Muller’s cells, astrocytes, microglia or perivas-
cular glia within the retina. Recent work has
demonstrated glial cells extending through the
inner limiting membrane from the retina to
overlying epiretinal membranes [16], suggest-
ing that they may impede separation of mem-
brane from retina during surgical peeling.

Macrophages and T lymphocytes have been
identified in PVR membranes [14] and, although
relatively small in number, they may play an im-
portant role in membrane development and

Fig.9.2. Fibrin sheet on the anterior face of silicone
oil endotamponade in an aphakic eye which has un-
dergone surgery for PVR

contraction through growth factor production.
Cells of fibroblastic morphology are found in
most studies of PVR membranes and may be de-
rived from RPE cells, vascular epithelial cells,
glia or hyalocytes. Such fibroblastic cells may
contain myofibrils and could be responsible for
the contraction seen in PVR membranes.

9.2.3
Fibrin

Eyes which have developed PVR have a greater
tendency to develop marked intraocular fibrin
formation after vitrectomy surgery [32, 33]
(Fig. 9.2). It has been proposed that the forma-
tion of fibrin in the early phase of blood-retinal
barrier breakdown following retinal detachment
or after vitreoretinal surgery could potentially
form a scaffold for the subsequent development
of the complex fibrocellular membranes seen in
PVR. This is supported by the experimental ob-
servation that fibrin contact causes RPE cells to
de-differentiate and migrate into a fibrin clot to
form sheets of fibrocyte-like cells [57].

9.2.4
Extracellular Matrix

PVR periretinal membranes have been demon-
strated to contain various extracellular mem-
brane components [14]. Collagen types I, II, ITI
and IV have been shown to be present (RPE or
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glial cells may be the source of these) as have the
cell attachment protein fibronectin and the
basal lamina proteins heparan sulphate and
laminin.

Turnover and remodelling of extracellular
matrix is regulated by a group of proteolytic en-
zymes known as matrix metalloproteinases
(MMPs) and their natural inhibitors: tissue in-
hibitors of metalloproteinases (TIMPs). MMPs
1, 2, 3 and 9 and TIMPs 1, 2 and 3 have been
demonstrated to be present in PVR membranes
[47] and have the potential to play an important
role in membrane formation.

9.2.5
Growth Factors

Growth factors/cytokines can mediate the
processes of cellular activation and contractile
membrane formation outlined above. Various
growth factors have been shown to be present in
PVR epiretinal membranes and in the vitreous
of eyes with PVR [11,14, 15, 22],and experimental
work has demonstrated that these growth fac-
tors have in vitro activity in RPE chemotaxis and
proliferation and glial cell chemotaxis [14]. Some
of these growth factors, for example platelet de-
rived growth factor (PDGF), fibroblast growth
factors and transforming growth factor f, are
known to have fibrogenic activity and are likely
to be involved in upregulating the fibrocellular
scarring response seen in PVR. Blocking the ac-
tion of these growth factors has the potential to
decrease membrane formation in PVR.

Table 9.1. Targets for adjunctive treatment

9.2.6
Targets of Pharmacological Adjuncts

The processes of cellular activation, prolifera-
tion and contractile membrane formation out-
lined above and the cells, growth factors and ex-
tracellular matrix involved in these are potential
targets for pharmacological adjuncts to the sur-
gical treatment of PVR. Adjunctive strategies
are outlined in Table 9.1.

Summary for the Clinician

e Recent reports on success rates in primary
rhegmatogenous retinal detachment docu-
ment the incidence of PVR at between 5.1%
and 11.7%. In other vitreoretinal conditions
the incidence of PVR is higher. Despite high
anatomical success rates visual results are
frequently poor after PVR surgery.
Situations where there is a greater degree of
BRB breakdown such as extensive vitreous
haemorrhage and pre-existing uveitis have
a higher incidence of PVR.In PVR there are
generally considered to be four types of
cells: RPE cells, glial cells, inflammatory
cells and cells of fibroblastic morphology.
Eyes which have developed PVR have a
greater tendency to develop marked in-
traocular fibrin formation after vitrectomy
surgery. PVR periretinal membranes have
been demonstrated to contain various ex-
tracellular membrane components and
various growth factors.

Pathological process Strategy

Blood-retinal barrier breakdown
Cellular activation

Cellular proliferation

Fibrin formation
Extracellular matrix formation

Membrane contraction

Anti-inflammatory treatment

Antiproliferatives
Growth factor manipulation

Antiproliferatives:
(a) cell-specific, (b) non-specific

Decrease production/increase breakdown

Inhibition of cellular activation
MMP/TIMP manipulation

Contraction inhibition
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9.3
Surgical Considerations

There is an ongoing debate as to whether PVR
arises solely as a consequence of inadequate pri-
mary retinal detachment surgery and subse-
quent redetachment or whether it may occur de
novo in a predisposed eye with otherwise ade-
quate primary surgery. Regardless of the answer
to this issue (and it would appear likely that
both theories have relevance in PVR pathogen-
esis), there are steps in the perioperative man-
agement of individual patients that surgeons
can take to minimise the risk of PVR develop-
ment.

9.3.1
Preoperative Management

9.3.1.1
Patient Selection

Recognition of early PVR is of central impor-
tance to the management of primary retinal de-
tachment since regression analyses have
demonstrated preoperative PVR to be an im-
portant determinant of subsequent postopera-
tive PVR development [3,7,19,36]. Both surgical
technique and the use of adjunctive medication
may alter considerably if PVR is present before
surgery. Whilst the features of more advanced
PVR (star folds, irregular full-thickness folds,
circumferential contraction [40], Fig.9.3) are
easily recognised, the features of less advanced,
grades A or B, PVR such as vitreous haze and
pigment clumps (Fig.9.1), wrinkling and stiff-
ness of the retina and rolled edges of retinal
breaks may be more subtle. It is important
that clinicians are alert to the presence of these
signs since assessing the longevity of a retinal
detachment from the history alone may be mis-
leading and certain patients may be unaware of,
or may minimise, the duration of their symp-
toms.

Preoperative assessment of the risk of PVR
development plays an important role both in se-
lection of surgical technique and in the use of
adjunctive medications. The use of a formula

Fig.9.3. Advanced PVR (closed funnel retinal de-
tachment)

derived from regression analysis has been
shown to have predictive value for PVR devel-
opment [3, 36]. This formula states:

Risk of PVR developing =

2.88%(preoperative grade C PVR)+1.85x(pre-
overative grade B PVR)

+2.92X(Aphakia or pseudophakia without in-
tact posterior capsule)

+1.77X(Anterior uveitis)+1.23x(Quadrants of
detachment)

+0.83x(vitreous haemorrhage)+1.23x(previous
cryotherapy)

If a risk factor is present, 1 is added to the equa-
tion; for quadrants of detachment 1-4 is added.
Using a discriminant rule a total risk factor
score of greater than 6.33 defines a retinal de-
tachment as high risk and less than 6.33 as low
risk. High-risk cases have been shown to have a
postoperative incidence of PVR of 28% and
low-risk cases of 9% [3].

Clinical experience suggests that other fea-
tures of retinal detachments and/or coexisting
pathology may also be important risk factors
for PVR. Vitreous haemorrhage, particularly if
dense and fundus obscuring, appears to in-
crease the risk considerably [48]. This may be
due to increased presence of fibrogenic growth
factors in the vitreous cavity. Eyes with active
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uveitis and choroidal detachment (both of
which have increased BRB breakdown) are gen-
erally considered to be at higher risk, as are eyes
with prior trauma which may have both in-
creased BRB breakdown and vitreous haemor-
rhage. Children and young adults, possibly due
to a more aggressive wound healing response,
also appear to be at high risk of postoperative
PVR development. The above presenting fea-
tures should be carefully assessed when deter-
mining the best surgical management strategy
for retinal detachment cases.

A further preoperative consideration is the
judgement of a patient’s ability to comply with
postoperative posturing instructions. Children
and patients with coexisting disabling systemic
disease may find prolonged posturing extreme-
ly difficult. This may determine the choice of
tamponading agent used - silicone oil in gener-
al will require less stringent posturing regimes.

9.3.1.2
Preoperative Treatment

In certain situations medical treatment before
vitreoretinal surgery is indicated. In selected
cases this may involve deferring the planned
surgical intervention. In eyes with active uveitis
it is recommended that the inflammation is
controlled prior to surgery. Frequent topical
steroid drops are given together with systemic
steroids (optimally prednisolone 40 mg/day for
2weeks in adults) before surgery.

Based on preoperative findings, for example
marked blood-retinal barrier breakdown,
choroidal detachment or post-trauma uveitis,
clinicians may decide to treat selected eyes
medically with steroid or other anti-inflamma-
tory medication prior to surgery. Given the
known involvement of inflammatory cells in
PVR development (see Sect.2.2), minimizing
preoperative inflammation is an important step
in PVR prevention.

9.3.2
Peroperative Surgical Management

9.3.2.1
Retinal Detachment Without PVR

It is clear that the most important consideration
in preventing PVR is successfully reattaching
the retina at the first surgical intervention.
There are, however, other factors which may be
of importance in minimising postoperative pro-
liferation. Cryotherapy is known to release vi-
able RPE cells into the vitreous cavity [9, 28]
(see Sect.2.2) and it would therefore appear jus-
tified to minimise the amount of cryotherapy
performed and to use laser retinopexy where
possible, particularly where extensive retino-
pexy is necessary.

When vitrectomy is performed as part of the
initial retinal detachment repair, the choice of
tamponading agent can influence primary suc-
cess. Children and some adults will find it diffi-
cult to follow posturing instructions and sili-
cone oil is a more suitable agent where indi-
viduals are unable to posture and/or prolonged
tamponade is required.

9.3.2.2
Retinal Detachment at High Risk
of PVR/with Early PVR

Adequate primary surgical repair of retinal de-
tachments at high risk or with early PVR is crit-
ical to the ultimate outcome of such eyes.
Knowledge of the pathogenesis of PVR and the
documented clinical risk factors helps define
the surgical techniques necessary. Vitrectomy
will often be used to manage these cases. It re-
moves vitreous gel containing blood and acti-
vated RPE cells and reduces the potential scaf-
fold for subsequent contractile membrane
formation. It is important in this situation to
clear vitreous blood adequately (a known risk
factor) and adequately trim the vitreous base.
When the surgeon is concerned that there is
residual vitreous base traction or that there is a
high risk of postoperative basal gel contraction
and secondary traction, then an encircling
buckle can be employed to counteract this. The
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tendency to use encircling buckles and the
threshold of perceived residual vitreous trac-
tion varies between individual surgeons.

9.3.2.3
Established PVR

In eyes with recurrent retinal detachment and
established PVR, in addition to reattaching the
retina, the surgical aims include the prevention
or reduction of re-proliferation. This necessi-
tates adequate vitreous clearance with particu-
lar attention to the basal vitreous which can
form the focus for anterior PVR. To achieve ad-
equate anterior vitreous dissection it may be
necessary to perform a lensectomy (or pha-
koemulsification) in selected eyes. It should be
noted, however, that the binocular visual results
in eyes with PVR which are aphakic following
surgery are often very poor [1] and secondary
lens implantation may be required.

The results of the Silicone Study [54, 55]
demonstrated silicone oil and C3F8 gas to be
equally effective and better than SF6 gas in the
management of established PVR. While individ-
ual surgeons may favour either oil or gas tam-
ponade, the lower level of complications seen
with modern highly purified silicone oil makes
it a satisfactory tamponade agent for PVR cases.

In more advanced PVR membrane peeling
may be extremely difficult particularly of PVR
membranes anterior to the equator where there
can be continuity of glial cells between retina
and membrane [16]. Subsequently there may be
residual anterior traction. Scleral buckling is of-
ten inadequate in counteracting such traction. In
this situation retinotomy and anterior retinecto-
my are necessary to relieve anterior traction and
also to “de-bulk” residual PVR tissue which
might provide a nidus for reproliferation.

9.3.3
Postoperative Care

Prevention of re-proliferation and membrane re-
currence involves careful attention to the short-
term anatomical results of surgery and the man-
agement of any postoperative complications. The
importance of positioning in providing adequate

intraocular tamponade should be emphasised to
the patient. Any evidence of early re-detachment
should be dealt with promptly. This can involve
additional laser retinopexy, altering positioning
instructions or augmenting intraocular tam-
ponading agents. In certain situations, where the
initial surgery appears to have failed in reattach-
ing the retina, early reoperation is necessary.

Postoperatively eyes with PVR have a greater
tendency for inflammation (and fibrin forma-
tion) and this in turn may increase the likeli-
hood of re-proliferation. Adequate anti-inflam-
matory treatment, both topical and if necessary
systemic, should be administered to prevent
postoperative inflammation in eyes which have
undergone surgery for PVR.

Summary for the Clinician

e Preoperative PVR is an important deter-
minant of subsequent postoperative PVR
development. Preoperative features of less
advanced, grades A or B, such as vitreous
haze and pigment clumps, wrinkling and
stiffness of the retina and rolled edges of
retinal breaks, are less easily recognised.
High-risk cases have been shown to have
a postoperative incidence of PVR of 28 %
and low-risk cases of 9 %. Vitreous
haemorrhage, particularly if dense and
fundus obscuring, appears to increase the
risk considerably. Children and young
adults also appear to be at high risk of
postoperative PVR. In eyes with active
uveitis it is recommended that the
inflammation is controlled prior to surgery.
The most important consideration in
preventing PVR is successfully reattaching
the retina at the first surgical intervention.
The tendency to use encircling buckles and
the threshold of perceived residual vitreous
traction vary between individual surgeons.
While individual surgeons may favour
either oil or gas tamponade the lower level
of complications seen with modern highly
purified silicone oil makes it a satisfactory
tamponade agent for PVR cases.
Retinotomy and anterior retinectomy may
be necessary to relieve anterior traction and
also to “de-bulk” residual PVR tissue which
might provide a nidus for reproliferation.
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9.4
Adjunctive Treatment

The use of various adjunctive agents to prevent
PVR and the recurrence of PVR have been in-
vestigated in both laboratory and clinical stud-
ies [14].

9.4.1
Initial Clinical Studies

Initial non-randomised clinical studies on the
antiproliferative agent 5-fluorouracil (5FU) de-
monstrated that this agent appeared to be non-
toxic in human eyes undergoing vitrectomy [5,
6] although these studies were too limited to
demonstrate any therapeutic effect. The an-
tiproliferative daunomycin was also shown to
be non-toxic in non-randomised clinical studies
[58,59] on PVR and post-trauma PVR. The lack
of toxicity of these agents and the perceived sur-
gical success rates encouraged the development
of further randomised clinical investigations.

9.4.2
Randomised Controlled Clinical Trials

The effect of postoperative irradiation in pre-
venting recurrent PVR in eyes with established
PVR was investigated in a small-scale rando-
mised controlled trial [4]. A total dose of 3,000
cGy of irradiation was given in divided doses. No
benefit in outcome was seen although the num-
ber of patients involved in the trial was small.

A prospective, randomised pilot study inves-
tigated the potential of combined heparin and
dexamethasone in vitrectomy infusion fluid to
reduce reproliferation in established PVR [61].
The treatment group had a higher anatomical
success rate and a lower incidence of reprolifer-
ation; however, the number of patients involved
in the study was relatively small and the result
did not reach statistical significance. Larger
scale randomised controlled trials have been
conducted on the intraoperative use of dauno-
mycin and a combination of 5sFU and low-mo-
lecular weight heparin (LMWH).

9.4.3
Daunomycin

The efficacy of the antiproliferative agent
daunomycin in established PVR has been inves-
tigated in a prospective, randomised, controlled
clinical trial [60]. Patients with PVR grade C2 or
greater undergoing vitrectomy and silicone oil
exchange were randomised to treatment with or
without a 10-min intraoperative infusion of
daunomycin (7.5 pg/ml). The primary outcome
measure, retinal attachment without additional
vitreoretinal surgery at 6 months, showed a
trend towards a benefit in the treatment group
which marginally failed to reach significance
(P=0.07). The trial did, however, demonstrate a
statistically significant reduction in the number
of vitreoretinal reoperations within 1year
(P=0.005), thus demonstrating that PVR was
amenable to pharmacological treatment.

9.4.4
5-Fluorouracil/Low-Molecular Weight
Heparin

The antiproliferative agent 5FU is known to be
active against RPE cells and has been shown to
reduce experimental tractional retinal detach-
ment [14]. Low-molecular-weight heparin
(LMWH) reduces post-vitrectomy fibrin, in-
hibits RPE proliferation, binds fibrogenic
growth factors and reduces experimental trac-
tional retinal detachment. Theoretically LMWH
has less potential for haematological side effects
than heparin. The combination of these adjunc-
tive agents has been investigated in a ran-
domised controlled clinical trial of patients un-
dergoing vitrectomy surgery for retinal de-
tachment who were determined to be at high
risk of postoperative PVR [2]. Patients were se-
lected as high risk on the basis of a previous
prospective analysis of known risk factors for
PVR [3, 36]. The adjunctive medications were
infused for 1h during vitrectomy at concentra-
tions of 200 pg/ml (5FU) and 51U/ml (LMWH)
in Hartmann’s solution. The primary outcome
measure, development of postoperative PVR,
was significantly improved in the treatment
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group (12.6% vs. 26.4%, P=0.02). Secondary
outcome measures did not show significant dif-
ferences between treatment and control groups
and there were no differences in complication
rates. On the basis of this study this treatment
regime can be considered for use in patients at
high risk of PVR. A further prospective clinical
trial using the same adjunctive combination on
eyes with established PVR did not show a treat-
ment benefit (D.G. Charteris, American Acade-
my of Ophthalmology, 2001).

Summary for the Clinician

o The use of adjunctive medications should
be considered in cases of established PVR
or retinal detachments at high risk of PVR.
High-risk cases can be identified on the
basis of a formula derived from analysis of
known risk factors [3,36]. Alternatively
surgeons may use their individual clinical
experience to select cases they consider to
be at high risk, for example traumatic
retinal detachments or giant retinal tears.
On the basis of the randomised clinical trial
described above, the combination of 5FU
and LMWH, given as a peroperative
infusion, can reduce the incidence of post-
operative PVR in high-risk cases. In
established PVR a 10-min intraoperative
infusion of daunomycin (7.5 pg/ml) may be
used on the basis of the evidence that it can
reduce the incidence of reoperations.

9.5
Future Directions

Advances in preventing PVR in the future will
require further clinical analysis of risk factors to
determine which cases are suitable for adjunc-
tive medication. Additionally randomised clini-
cal trials are necessary to study the effectiveness
of the range of potential adjunctive medications
available in various clinical situations including
high-risk retinal detachments and ocular trau-
ma. Further development of adjunctive medica-
tions aimed at producing more targeted treat-
ments (potentially by gene transfer) and more
sustained delivery offer the potential for more
effective PVR prevention.
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The Tamponade Effect

Davib WoNG, RACHEL WILLIAMS

Core Messages

e The tamponade effect involves three
phases in contact with one another:
namely, the retina, the aqueous and the
tamponade agent
The interfacial tension acts to minimise the
surface area of a bubble of tamponade
agent, which tends not to go through a
retinal break in the detached retina; to do
so would require an increase in surface area
and therefore higher surface energy. In this
way tamponade agents act as a “plug”
When the retina is attached, a tamponade
agent needs to exclude the access of
aqueous from the break
Specific gravity is the chief determinant of
the shape of a bubble of tamponade in the
eye.Bubbles that approximate a spherical
cap in shape are more efficient at excluding
aqueous from retinal breaks
e It is difficult if not impossible to achieve a
total tamponade effect.This is not due to

10.1
Introduction

This chapter concentrates on the physical prop-
erties of liquid agents used in the eye and ex-
plains how they produce the tamponade effect.
We illustrate certain principles using air and sil-
icone oil; we also cover semi-fluorinated alka-
nes especially in the context of designing new
and heavier-than-water tamponade agents.

The successful repair of rhegmatogenous
retinal detachments depends crucially on the

lack of tamponade efficiency, but rather to
the fact that the eye is a near spherical
cavity

There will always be a slight underfill which
leaves a large area of retina not supported
If we believe bubbles that float are more
efficient at supporting pathology in the
upper part of the fundus, then it is logical
to think that tamponade agents that sink
are better at treating the lower retina
Debate is ongoing as to whether it is
desirable to exclude aqueous from the
retina or indeed whether this is the cause
of retinal toxicity

We contend that agents with low viscosity
and high specific gravity are not suitable as
long-term tamponade agents. Solutions of
semifluorinated alkanes and silicone oil can
have a high viscosity and specific gravity just
greater than 1 and may prove to be the long-
awaited heavier-than-water tamponade

identification and closure of retinal breaks.

There are only two manoeuvres which lead di-

rectly to break closure:

e Scleral buckling (sometimes referred to as
external tamponade)

o Insertion of gas or liquid agents in the vitre-
ous cavity (internal tamponade)

The two manoeuvres are sometimes used in
combination; the D-ACE surgical sequence is
used for the treatment of bullous superior reti-
nal detachments [11]. After external drainage of
subretinal fluid, air is injected and it temporari-
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ly approximates the retinal tear to the underly-
ing retinal pigment epithelium; this facilitates
accurate localisation of the retinal tears and
minimises cryotherapy. The air in this operation
is acting as an intraoperative tool as well as an
internal tamponade. As traction is relieved by
the scleral buckling, postoperative posturing is
not needed.

In all other situations, the tamponade agent
needs to be in contact with the retinal breaks in
order for there to be a “tamponade effect”. What
exactly is the tamponade effect and how do we
envisage tamponade agents “closing” retinal
breaks? We may ask: do tamponade agents
1. Actas plugs?

2. Act by excluding access of aqueous to retinal
break?

3. Act by pushing against the retina?

4. Actby totally filling the vitreous cavity there-
by obliterating the space into which the reti-
na can be detached?

To answer these questions, it is necessary to un-
derstand some of the physical properties of
tamponade agents.

10.2
Interfacial Energies

When two immiscible fluids come into contact
with one another an interface is formed. One of
the immiscible fluids could for example be air
and the other water. Figureio.1 illustrates a
droplet of water at the tip of a pipette. A mole-
cule “I” at the centre of the droplet is attracted in
all directions to every other molecule inside the
droplet, whereas a molecule “S” at the surface
has a net attraction inwards. Surface tension is
the van de Waal’s attractive force between the
molecules on the surface of the droplet. This
force will tend to minimise the area of the sur-
face.

Surface tension generally refers to energy be-
tween a liquid and air. A more general term is
“interfacial energy” and this can be applied to
situations when two or more phases are in con-
tact with each other.

The interfacial energy of a system defines
how the materials in contact will interact with

Fig.10.1. A droplet of water at the end of a pipette.
I represents a molecule inside the water droplet and
S amolecule on the surface

each other so as to reduce the overall energy at
the interface. For example, if a water droplet is
placed on a hydrophobic material in air
(Fig.10.2), the water droplet remains rounded
because it is more energetically favourable for
the air to contact the hydrophobic material than
the water. In contrast, if a water droplet is placed
on a hydrophilic material in air the droplet
spreads because it is more energetically fa-
vourable for the water to contact the surface
than the air (Fig. 10.2). The amount of spreading
of the water droplet in these conditions will de-
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Fig.10.2. A droplet of water on a hydrophilic and on
a hydrophobic surface

pend on the interfacial energies of the three
phases, in this case the material, the air and the
water. This property is very important in deter-
mining the behaviour of tamponade agents in
the vitreous cavity. In this situation the three
phases to consider are the retina, any remaining
aqueous and the tamponade agent. The retina,
as with most tissue, is highly hydrated and
therefore hydrophilic; any remaining aqueous
will therefore spread on the retina.

When a tamponade agent comes into contact
with a retinal break in a detached retina, the
agent tends not to go through the break. The in-
terfacial energy acts to minimise the surface
area. For the tamponade agent to go through the
retinal break, it needs to increase in surface
area, which requires higher energy. In this
sense, a tamponade agent acts as a “stopper”and
literally “plugs” a retinal hole. If subretinal fluid
is evacuated at the same time as the tamponade
is injected, the retina will become reapposed to
the underlying retinal pigment epithelium.

Care, however, must be exercised when car-
rying out this fluid exchange procedure in the
presence of a detached retina stiffened by epi-
retinal membrane. The interfacial energy can be
overcome by the force of injection. For example,
if silicone or air is injected as subretinal fluid is
evacuated, there is a pressure gradient across
the retina. Instead of the retina being reap-
posed, the silicone oil can pass through the reti-
nal break and gain access to the subretinal
space. This then becomes an awkward compli-
cation to handle [24]. Some surgeons therefore
prefer to use an air/fluid exchange. Air has a
higher interfacial energy against water than sil-

icone and is therefore less likely to go through a
retinal break in detached retina. Once that a
retina is reapposed, there is no longer a pressure
gradient across the retinal break and silicone oil
can be injected with no fear of it getting into the
subretinal space.

When the retina is reattached, the role of the
tamponade agent is to maintain this apposition.
To achieve this, all that is required is for the tam-
ponade agent to exclude aqueous from the reti-
nal break. Because of their hydrophobicity, all
tamponade agents tend to be rounded rather
than spread on the hydrophilic retina. If a bub-
ble is rounded, it will not be very efficient at ex-
cluding aqueous gaining access to the retinal
break unless:

1. The patient postures to position the bubble
against the retinal break or breaks
2. The bubble totally fills the eye

How rounded a bubble is inside the eye depends
slightly on the interfacial energies of the bubble
used; the shape of a tamponade bubble is deter-
mined principally by its specific gravity.

Summary for the Clinician

e Surface energy acts to minimise the
surface area for a given volume. A bubble
of tamponade tends not to go through a
retinal break because to do this will
increase its surface area. In this sense,
the tamponade “plugs” the hole

10.3
Specific Gravity

The term “specific gravity” is used to describe
the weight or density of a liquid compared to an
equal volume of fresh water at 4 °C. Thus water
has a specific gravity of 1 and a material with a
specific gravity less than 1 will float on water
and one with a specific gravity greater than 1
will sink below the water.

The shape of very small bubbles of tampon-
ade agent in aqueous will be controlled primari-
ly by the interfacial energies of the system and
will therefore be rounded. As the volume of the
tamponade bubble increases the influence of
buoyancy forces will become apparent.
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Fig.10.3a-d. Model eye chamber with two indents
at the 3 and 9 o’clock positions. Chamber a is filled
with air, b with silicone oil, ¢ with perfluorohexyloc-
tane and d with perfluorohexyloctane-silicone oil so-
lution (Densiron-68). The white arrow points to the
recess between the indent and the chamber wall. Air

Archimedes’ principle states that the buoyant
force on a submerged object is equal to the
weight of the fluid displaced by the object. So for
abubble inside an eye, the weight of fluid can be
calculated knowing the volume of the bubble
and the specific gravity of aqueous.

The buoyancy force, Fp, is given as:

F B=paqueousxg X Vbubble
where
® Qaqueous = density of aqueous

and perfluorohexyloctane fit into the recess, whereas
silicone oil and Densiron do not. The black arrow
points to the top surface of the bubbles. Air and per-
fluorohexyloctane have a flattened top surface where-
as silicone oil and Densiron have a rounded top sur-
face

e ¢ = gravitational constant
® Viubble = volume of the bubble

This force is always upwards. The downward
force, Fp, on the bubble is the weight of the bub-
ble itself, which is given as:

Fp=PubbleX8X Vbubble
where
® Opubble = density of the tamponade agent.
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The net force, Fy, acting on the bubble is there-
fore:
Buoyancy force - weight of the bubble
Fy=Fp-Fp
=(Paqueous—Pbubble)*8% Vbubble

Let us consider an eye with a 2-ml-size bubble of
air. The difference in the density of air and aque-
ous is large. Air at sea level weighs 0.0013 g/ml3
whereas water weighs 1g/ml3. The net force is:

Fy=(1~0.0013)g/ml3x980 cm/s>x2 ml=1960 dynes

This force is acting on the whole bubble and
every molecule inside wants to float upwards. It
is therefore not surprising that the bubble takes
on almost a spherical cap shape.

Contrast this to a 2-ml silicone oil bubble.
The net force is:
Fyn=(1-0.97)g/ml3x980 cm/s?x2 ml=58 dynes

This net force is still positive and acting up-
wards, but is small compared to that acting on
the air bubble. The shape of the bubble is there-
fore mainly determined by the interfacial ener-
gies and is rounded.

The net force acting on a tamponade bubble
is directly proportional to the size of the bubble
and the difference in specific gravities between
the tamponade agent and aqueous. So for small
bubbles, the net force is small also. Clinically,
one notices for example that when 0.3 ml of C,Fgq
gas bubble is injected for pneumatic retinopexy
[14], the bubble is initially rounded. It is only af-
ter 12h or more when the bubble has expanded
in size that the bubble takes on the flat bottom
shape.

The differences in specific gravity may also
determine how well a tamponade agent fits into
the nooks and crannies. In a model eye study, we
have shown that the very light (air) and heavier
tamponade agents (perfluorohexyloctane) fit
much better into tight spaces than does silicone
oil with a specific gravity close to that of water
[36] (Fig.10.3).

Summary for the Clinician

o The specific gravity determines the shape
of a bubble. Air is light and the buoyancy
force makes a bubble of air inside an eye
approximate a “spherical cap”

10.4
Tamponade Efficiency

Because of the hydrophobicity of tamponade
agents, all bubbles inside the eye are slightly
rounded in shape. Bubbles of air have a flat bot-
tom surface; in geometry, the term “spherical
cap”is used to describe such a three-dimension-
al shape. The specific gravities of all other com-
monly used gases are very close to that of air.
For example, perfluoropropane (C,Fg) is only
1.01 times heavier than air. The buoyancy force
for all gaseous tamponade is high. All gas bub-
bles approximate the spherical cap shape.

If a bubble is truly a spherical cap in the geo-
metrical sense, then all the volume is used to-
wards making contact with the retinal surface.
Although gas bubbles in aqueous approximate
to being perfectly spherical cap shaped, they are
not perfectly so. The bottom is slightly rounded.
Figure 10.4 is a nuclear magnetic resonance im-
age of a bubble of inside an ex vivo pig’s eye. The
aqueous is highlighted by contrast and appears
as white; the bubble is black. It can be seen that
the edge of the bubble is slightly rounded to
form a meniscus. A small amount of volume is
therefore wasted and provides no tamponade
effect. Silicone bubbles are much more rounded
and so more of the volume is wasted in forming
the rounded meniscus.

The volume of the spherical cap is given by
the formula (Fig.10.5):

Veap=1/3xTth*X (3R~h)
where
o his the height of the spherical cap
e Ris the radius of the sphere

The arc of contact, 6, is the angle subtended
at the centre of the sphereand h=R-Rcos8 /2

We can then plot the arc of contact against
the volume of a theoretical tamponade agent
which has the shape of a spherical cap; R for ex-
ample is taken as 11 mm, half the diameter of a
normal-sized eye. This plot shows a sigmoid
curve in three parts (Fig. 10.6 a). The initial part
of the curve is almost vertical such that a small
volume gives rise to a large arc of contact. For
example, a volume of 0.24 ml would give a 90°
arc (or 3 clock hours) of contact. This is the part
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Fig. 10.4. Nuclear magnetic image of a bubble of air
inside a vitrectomised ex vivo pig’s eye

Fig.10.5. Geometry of the spherical cap

of the curve that is used in pneumatic retino-
pexy where a small bubble can give a large arc of
contact. In reality, small gas bubbles are round-
ed and not spherical caps and as such are less ef-
ficient (see above). The next part of the plot is
almost linear. The greater the volume, the larger
the arc of contact. The last part of the curve ris-
es exponentially. A slight underfill of 0.24 ml
would leave the lower 3clock hours of the
sphere not in contact with the tamponade agent.

A spherical model eye chamber was made
and the arcs’ of contact of air and silicone bub-
bles were measured and the results are shown in
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Fig.10.6. a A plot of the arc of contact versus the
volume of the spherical cap; b measurements from a
spherical eye model chamber

Fig.10.6b [9]. The plots for air and oil were both
shifted to the right of the plot for the spherical
cap. If the spherical cap is considered as the ide-
al tamponade agent, then both air and oil are
less than ideal and of the two, air is more effi-
cient [9]. For silicone oil, there is virtually no
tamponade effect until the chamber is about
half filled; at 9o % fill by volume, the arc of con-
tact is about 180 degrees [9]. Two important
points should be appreciated:
1. The spherical cap is the most efficient shape
for a tamponade bubble. All tamponade
agents are hydrophobic (relative to water);
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therefore, a meniscus will be formed. Even
agents that have specific gravities far from
water such as gas or perfluorocarbon liquids
(PECLs) form bubble shapes that are less ef-
ficient than the spherical cap.

2. It is difficult, if not impossible, to achieve a
total tamponade effect. The problem is not
that tamponade agents are not efficient; even
the most efficient theoretical agent, i.e. the
spherical cap, has an exponential curve plot
such that a slight underfill leaves a large area
of retina unsupported.

The fact that it is difficult to achieve a total tam-
ponade effect is unappreciated by many. Previ-
ous attempts have been made to achieve simul-
taneous superior and inferior tamponades
using silicone and fluorosilicone oils resulting
in the discovery of a third compartment [1].
More recent attempts at double filling using
semifluorinated alkanes and silicone oil result-
ed in bubbles with an egg shape, offering very
poor tamponade superiorly and to the sides
[13].

There may be other factors which contribute
to underfilling at the time of surgery. The
choroid can be congested due to periods of hy-
potony peroperatively. Postoperatively, de-
turgescence of the choroid will create a greater
capacity in the eye and an effective underfill.
Similarly, it is difficult to achieve a complete vit-
rectomy. Even if an air/fluid exchange was car-
ried out prior to silicone oil injection, there
would still be a frill of gel at the base. Postoper-
atively, this residual vitreous gel will be com-
pressed and lose its water content, once again
leading to an underfill. In fact, compression of
the vitreous by a tamponade is well known. Gas-
mediated compression vitrectomy [31] was first
introduced in the 1980s as an efficient alterna-
tive to mechanical vitrectomy in rabbits’ eyes.

Summary for the Clinician

e The most efficient tamponade agents
assume the shape of a spherical cap

o It is difficult, if not impossible, to achieve
a total tamponade effect

10.5
Viscosity

Viscosity is a measure of the strength of adhe-
sion within the material and is important in
terms of tamponade agents in that a low viscos-
ity material is easier to handle surgically and
place within the vitreous cavity, but a high vis-
cosity material is require to reduce the disper-
sion of the material once in the eye. Dispersion
refers to the break-up of a bubble into droplets.
Dispersion is caused by the shear forces at the
interface of the tamponade agent and the aque-
ous or retina during eye movement. The multi-
ple small bubbles, of course, have a larger sur-
face area than a single bubble. In controlled
situations, small bubbles will coalescence to
form larger bubbles in order to achieve a lower
surface energy. In the presence of surfactants, or
cellular debris, the interface of the small
droplets may be stabilised and the dispersed
droplets then form an emulsion.

Emulsification is detrimental to the behav-
iour of the tamponade agent:

e Emulsification results in dispersed droplets
of tamponade agent in aqueous. As such, it
has no ability to plug or to exclude access of
water to retinal breaks. Therefore it has no
tamponade effect whatsoever.

o Emulsification leads to droplets of different
sizes which may be small enough to activate
macrophages and cause inflammation in the
eye.

Summary for the Clinician

o The higher the viscosity, the greater is
the shearing force needed to disperse
a tamponade agent into small droplets
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10.6
Nature of Toxicity

Toxicity is the prime concern in the develop-
ment of any new tamponade agents. The litera-
ture, however, is often contradictory and in the
case of silicone oil consensus has not been
reached until perhaps the last 10 years or so,and
only after the results of large clinical series [18]
including prospective randomised controlled
trials were published [19, 27]. Previous reports
emphasised several different aspects of toxi-
city, namely histological changes, inflammatory
changes, electrodiagnostic tests, prolifera-
tive response and changes observed in cell cul-
ture.

The interpretation of the histological chan-
ges is often difficult; most experiments are car-
ried out in rabbits’ eyes, which may not be a
good model to extrapolate to human eyes; it is
unclear whether the agents tested were purified
and whether they contain contaminants includ-
ing low molecular components and cyclical
forms [21,32]; agents were left in situ for varying
lengths of time.

We thought it would be interesting to review
the literature grouping agents according to their
physical properties:

Agents that are close to the specific gravity of
water: Silicone-fluorosilicone oil copolymer
had a specific gravity of 1.16 g/cm3, and a viscos-
ity of 180 mPa produced changes in the rabbit
eye of thinning and loss of outer plexiform lay-
er in the inferior fundus. It is interesting to note
that in the same experiment conventional sili-
cone oil with specific gravity 0.97 g/cm3 and a
viscosity of 1,000-5,000 mPa produced similar
changes in the superior fundus.

Agents with specific gravity much higher than
water: These agents include perfluorophenan-
threne [30] (2.03g/cm3) and fluorosilicone oil
(1.29g/cm?) [6]. When heavier tamponade
agents were tested, thinning and loss of
plexiform layer were observed, but additionally
migration of the photoreceptor nuclei towards
the retinal pigment epithelium and even disor-
ganisation of the photoreceptors were found.

Agents with low viscosities: Virtually all
agents with a viscosity of less than 200 mPa cau-

sed an inflammatory reaction and a macro-
phagic response. These include perfluorophen-
anthrene [30], perfluoro-octane [7], perfluoro-
decalin [33], silicone-fluorosilicone copolymer
[5] and perfluorohexyloctane [15].

It is tempting to explain all the observed
changes on the basis of the physical properties
alone. It is likely that a macrophage response
will occur even against biologically inert sub-
stances if they are dispersed to a sufficiently
small size. Polytetrafluoroethylene (or Teflon) is
known to be biologically compatible and result
in minimal inflammatory reactions as a bulk
material. Particles of polytetrafluoroethylene
and also silicone (of around 18opm in size)
were used to treat post-prostatectomy inconti-
nence [4,16]. When injected in the periurethral
tissues they caused inflammation and fibrosis
that resulted in an increased outflow resistance.
It has already been pointed out that tamponade
agents with low viscosity require a much lower
shearing force for dispersion. Therefore, we
think that it is illogical to consider any low vis-
cosity agents (including all the PFCL liquids
and the semifluorinated alkanes) for long-term
tamponade.

The reverse, however, may not apply. Agents
with high viscosity are not automatically safe.
There are notable exceptions including the
oligomers of semifluorinated alkanes [25]; de-
spite a high viscosity of 1,750 mPa, OL62HV pro-
duced white deposits on the surface of the reti-
na which consisted of cystic cells and amor-
phous material. The cause of the white deposits
is uncertain although it is likely to be related to
inflammation as similar changes occur with
perfluorohexyloctane and to a much lesser ex-
tent with silicone oil [25].

It is probably true that the more gross histo-
logical changes tend to occur with the heavier
agents. Again, perfluorohexyloctane seemed to
be an exception, even though its specific gravity
is relatively high at 1.35 g/cm3; only early histolog-
ical changes were observed in rabbits at 9 weeks.
Many have argued that the histological changes
are due to the weight of the heavy liquids. The ad-
ditional pressure even from agents of the highest
specific gravity, namely perfluorophenanthrene,
is of the order of 1-2 mmHg (for a normal-sized
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eye)*, which seemed insignificant when com-
pared to the range of normal intraocular pres-
sure and its diurnal variation. Instead, we have
argued that the trophic changes might also be
caused by the occlusion of water from the retinal
surface. Winter et al. pointed out that a fine film
of water is necessary for the function of the
Miiller cell potassium siphoning pump [37]. The
thickness of the film of aqueous immediately in
contact with the retina may be critical; they
measured the thickness of the film of aqueous
between the tamponade agents and the retina us-
ing optical computerised tomography in ex vivo
eyes filled with perfluorodecalin and perfluo-
rophenanthrene. They postulated that the patho-
logical changes observed were those caused by
excitotoxicity from potassium ion accumulation.
We believe this explanation is more plausible
whereas the mechanical pressing of the liquids
on the retina is probably not of a significant mag-
nitude. Exclusion of aqueous from the surface of
the retina can account for pathological changes
in the upper retina with silicone oil, whereas the
negligible buoyancy pressure cannot do so con-
vincingly.

Gas tamponade agents are efficient at exclud-
ing access of aqueous from the retinal break.
One might ask why excitotoxicity does not oc-
cur. In all likelihood, the gas inside the eye will
be saturated with moisture. There is likely to be
a film of water on the surface of the retina at all
times; visual field loss during macular hole sur-
gery had been attributable to drying of the reti-
na as a result of continuous air infusion and the
use of moist air was advocated [22].

* Added pressure from any liquid column can be
derived from a buoyancy formula similar to that
given above: P:hx(paqueous_pbubble)xg
where

e 1 is the height of the column, the diameter of the
eye

® Qaqueous 18 the specific gravity of water

® Qpubble i the specific gravity of the heavy liquid

o gis the gravitational constant
For perfluorophenanthrene, assuming the dia-
meter of the eye to be 2.2 cm, the added pressure is:
2.2 cm (1-2.03)X980 cm/s?=-2221 dynes/cm? or 1.66
mmHg (downwards).

Summary for the Clinician

e Low-viscosity tamponade agents have a
greater tendency to disperse and cause
inflammatory reaction

e Tamponade agents with high specific
gravity may be too efficient at excluding
water from the retinal surface, thereby
causing excitotoxicity and may account for
histological changes

¢ Even for liquids with high specific gravity,
the mechanical pressure is small (of the
order 1-2 mmHg)

10.7
Semifluorinated Alkanes

More recently semifluorinated alkanes (SFAs)
have been developed as tamponade agents [20].
They are transparent liquids that are immiscible
with water. In terms of their interfacial energies
they are amphiphilic in that they have both a hy-
drocarbon end, which is highly hydrophobic,
and a fluorocarbon end, which is less hydropho-
bic. Measured against water their interfacial en-
ergies are similar but slightly lower than that of
PFCLs. They have a lower specific gravity than
the PFCLs at between 1.2 and 1.7 g/cm3 and thus,
although they will sink, the buoyancy forces will
be less and therefore the bubbles will be more
rounded than the same volume of PFCLs [39].
These materials have low viscosities of around
2.5 mPa, making them capable of injection and
removal through small-bore instruments but
susceptible to dispersion.

Due to their lower specific gravity compared
to other PFCLs, it was thought that SFAs could
be used as long-term tamponade agents; this
was considered, theoretically, to carry a lower
risk of retinal damage. Initial experimental
studies in rabbits have shown that when left in-
traocularly for periods up to 3 months, perfluo-
rohexyloctane caused no identifiable ERG ab-
normalities [41]. Similarly, no major retinal
abnormalities were detected by light- and elec-
tron-microscopy studies. Dispersion of FyHg
was observed, however, early on after injection
(between the 1st and the 15th postoperative
days). In humans the use of SFAs as postopera-
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tive intraocular tamponade agents has been re-
ported [17, 29] to be tolerated without obvious
signs of damage to the retina or optic disk; how-
ever, dispersion of the SFA was an early and fre-
quent complication. Further studies have shown
that this dispersion can induce dense macro-
phagic infiltration as well as epiretinal and re-
trolental membranes [15]. This inflammatory
reaction limits the clinical usefulness of this
agent [10, 26, 34].

Summary for the Clinician

o Perfluorohexyloctane can cause inflamma-
tory reaction which ultimately limits its
clinical usefulness

The amphiphilic properties of the SFAs makes
them soluble in hydrocarbons and silicone oil. It
is possible to take advantage of this property
and mix SFAs with silicone oil. This is an at-
tempt to make a tamponade agent that has the
advantageous properties of each material and
overcomes the disadvantages of each.

10.8
Combining Tamponade Agents

There are two distinct ways in which tampon-
ade agents are used in combination, namely
double filling of agents and solutions of agents.

10.8.1
Double Filling of Tamponade Agents

As discussed earlier, the SFA is soluble in sili-
cone oil; however, this solubility is limited. The
solubility is dependent on the viscosity of sili-
cone oil and on the molecular weight of the SFA.
The higher the viscosity of silicone oil the
greater the difficulty of dissolving SFA into it.
Equally, SFAs with higher molecular weights are
less soluble in silicone. In all cases, there is a sol-
ubility gap; this means that the two substances
are not soluble in each other in all proportions.
At body or room temperature, there is a limit to
the amount of SFA that can dissolve in silicone
oil.

pulled in

No interface

Fig.10.7. Photograph of an egg-shaped tamponade
formed by doubling filling with silicone oil and per-
fluorohexyloctane

Double filling was originally conceived to
give simultaneous support to the upper and
lower retina. At room temperature in an aque-
ous environment it is possible to make contact
between a bubble of SFA and a bubble of sili-
cone oil. Owing to the hydrophobicity of both
materials, it is energetically favourable for the
two tamponade agents to make contact and ex-
clude water from the interface. This has the ef-
fect of producing a single bubble with two lay-
ers. The lower layer is the SFA and the top layer
is silicone oil. In between there will be a layer in
which some solubility of the SFA in silicone oil
has occurred. The behaviour of this single bub-
ble is different from either that of pure SFA or
pure silicone oil. The higher specific gravity of
the SFA and its attachment to the silicone oil
tends to pull the double bubble below any re-
maining aqueous. However, the low specific
gravity of the silicone oil will also tend to pull
the SFA bubble upwards. Thus the overall shape
of the double bubble is different from either
pure fluid. We have shown that there is a tenden-
cy for the double bubble to be egg shaped
(Fig. 10.7); thus it may have little tamponade ef-
fect at the sides and at the top.

The actual shape of the double bubble will
depend on the ratio of SFA to silicone oil. In our
model eye chamber, we found that if the amount
of silicone oil was small that the bubbles would
not unite [13]. When we used the model eye
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A

Fig.10.8. Double filling in a chamber with a single
indent at the side. Note the perfluorohexyloctane pro-
vides good contact below, but the silicone oil does
not. The white arrow points to the recess between the
indent and chamber wall

chamber with an indent (to mimic the scleral
buckle or encircling band), we found that as the
proportion of silicone oil was increased, pro-
gressively less lateral tamponading was ob-
served (Fig.10.8). One advantage of the silicone
oil upper layer of the double bubble was that the
increased viscosity of the silicone oil tended to
produce a viscous cap on the SFA. Thus when
agitated there was a reduction in the dispersion
of the SFA.

Summary for the Clinician

e Doubling filling was originally conceived to
provide a simultaneous tamponade to the
upper and lower fundus. The double bubble
is egg shaped and effectively only gives
good contact to the inferior retina

e Asilicone oil cap may reduce the tendency
of the perfluorohexyloctane to disperse

10.8.2
SFA and Silicone Oil Solutions

The complete solubility of SFA in silicone oil
can be produced in the laboratory within limits
using high heat and sonication. It is possible to
produce limits of different viscosity and specif-
ic gravities. In the past, we tested some of these
materials with a range of properties as shown in
Table1o.1. These have the advantage of being
heavier than water but with a lower buoyancy
force in comparison with SFA or PFCL alone.
They also have a significantly increased viscosi-
ty in comparison with pure SFA and PFCL, mak-
ing them potentially less susceptible to emulsi-
fication. Thus these mixtures have the potential
to overcome two of the disadvantages of pure
SFA and silicone oil. That is they will gently tam-
ponade the inferior retina owing to the fact that
their specific gravity is slightly higher than that
of water and they have a viscosity in a useful
range. Evaluation of the behaviour of these ma-
terials in a model eye chamber is shown in
Fig.10.9. Quantification of the bubbles was eval-

Table 10.1. Physical characteristics of agents tested in the eye model chamber

Specific gravity
(g/em’)

Perfluoro-octane 1.73
F6H8 1.35
Silicone oil 0.97
F6H8-Si0 solution A 1.01
F6H8-Si0 solution B 1.03

F6H8-Si0 solution C 1.06

Interface tension at 25 °C
against water (mN/m)

Viscosity (mPa)

55.0 1.76
49.1 23
35.4 5,000
56.25 3,167
45.43 1,948
40.82 1,387
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Fig.10.9a-d. Chamber filled with four different
tamponade agents. a Perfluorohexyloctane (F6HS)
(stained with Sudan black for better visualisation);
b Fe6H8-silicone oil solution of specific gravity 1.01;
¢ F6H8-silicone oil solution of specific gravity 1.03;
d F6H8-silicone oil solution of specific gravity 1.06.
Note b is the roundest and tallest bubble; pure F6H8
has the flattest and lowest profile
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Fig.10.10. A plot of the height of the bubble against
incremental volumes of tamponade agents

uated by measuring the height of the bubbles
and the results are presented in Fig. 10.10. This
shows that the change in specific gravity from
1.01 to 1.03 does not cause a significant differ-
ence in the height of the bubble, but by increas-
ing the specific gravity to 1.06 there is a signifi-
cant decrease in the height for a specific volume
of tamponade agent and therefore a greater
tamponade effect [35]. The interfacial energies
cause the SFA/silicone oil mixture to behave in a
similar manner to pure silicone oil, that is they
will make poor contact with the retina and they
will not fit well into recesses formed by scleral

explants (Fig. 10.3). However, it is expected that
they will be as effective as silicone oil in the in-
ferior section of the cavity. These data warrant
further clinical evaluation.

10.9
Epilogue

So far,we have argued that the tamponade effect
depends on fluids being immiscible with aque-
ous, thus forming an interface. It is interfacial
energy which prevents tamponade agents going
through retinal breaks in the detached retina.
Once attached, a tamponade agent needs only to
exclude access of aqueous to the retinal break.
The most efficient tamponade bubble approxi-
mates the shape of a spherical cap. Most crucial-
ly, it is important to appreciate that a 100 % fill
of the vitreous cavity is probably impossible
and a slight underfill gives rise to large arcs of
the retina with no tamponade effect. This can be
partly overcome by the patients adopting head-
down posture. It is unrealistic to expect one or
more than one tamponade agent to achieve a to-
tal tamponade effect, simultaneously support-
ing all parts of the retinal surface.

It is specific gravity that principally deter-
mines the shape of the bubble. Bubbles that are
either very light or heavy better approximate
the spherical cap. The buoyancy pressure by air
or silicone oil and the downward pressure creat-
ed by any agent are small, of the order of 1 or
2mmHg. It does not seem convincing that
forces of such small magnitude can give rise to
trophic changes histologically. The pressure
from heavy liquid is smaller than the diurnal
fluctuation of intraocular pressure. Bubbles
with high specific gravities may be too efficient
at excluding aqueous from the retinal surface
and this fact has been postulated as the cause of
the retinal toxicity findings [37].

The availability of SFA and silicone oil solu-
tions allows us to choose viscosity and specific
gravity independently (within the limits of sol-
ubility). From our understanding of the tam-
ponade effect we arrive at a crossroads. We de-
sire liquids that are heavy so the bubbles would
approximate better the spherical cap in shape.
At the same time, we are concerned that such
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heavyliquids would be too efficient at excluding
aqueous from the retinal surface and therefore
interfere with the normal ionic exchange [37].

The question comes back to why do we need
new tamponade agents? After all,both gases and
silicone oil work fairly well. Although not with-
out complications, gas and silicone are used so
frequently that we have become accustomed to
using them and have learnt how to handle their
complications. In the absence of PVR, silicone
oil works well when 360° retinotomies are car-
ried out [8, 23, 40]. Similarly, it has been shown
that vitrectomy and gas tamponade can be ef-
fective for treating retinal detachments arising
from inferior retina without scleral buckling.

Nonetheless, if we believe that the tampon-
ade effect depends on contact between the tam-
ponade agent and the retina, it is logical also to
believe that tamponade agents that float are
more efficient at treating pathology in the supe-
rior fundus; it is also realistic to expect that
tamponade agents that sink would be more effi-
cient at treating inferior pathology. Tamponade
agents that are heavier than water may be par-
ticularly useful in cases of PVR as this has a
propensity for the inferior retina [28].If a retina
becomes redetached after conventional surgery
with gas or oil, the likelihood is that the rede-
tachment would arise from retinal breaks situ-
ated inferiorly and be associated with epiretinal
membranes.

In future, it may be acceptable to consider
strategically staging the repair of the complicat-
ed retinal detachment, treating successively
retinal pathology in the upper half then the low-
er half of the retina (or vica versa) using the
most effective tamponade agent for each opera-
tion, protecting the macula from becoming de-
tached at all times.

10.9.1
Serendipity

For long-term tamponade we have had available
silicone oil [3] for the last 40 years and long-act-
ing gases [2] for the last 20years. It may be
serendipity that gases form near spherical caps
inside the eye but allow sufficient moisture to
the retinal surface and avoid trophic changes.

Equally, it may be chance that silicone oil is just
light enough to form rounded tamponade bub-
bles in the eye, allowing sufficient aqueous
around the bubble to prevent a toxic effect.

Others have argued that it might be desirable
to design tamponade agents that make better
contact with the retina, excluding aqueous mi-
lieux which contain proliferative cytokines and
growth factors from the surface of the retina [17].

Now we have available to us SFAs and sili-
cone oil solutions which behave very much like
silicone oil. We have hopefully achieved our own
serendipity by design. The initial clinical expe-
rience is certainly favourable [12, 38]. The ques-
tions are asked: will an SFA and oil solution be
as efficient as silicone for treating PVR and
more efficient than silicone oil for inferior
pathology? An international multicentre ran-
domised clinical trial is under way to find the
answers.
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Vitreous Surgery in Uveitis and Allied Disorders

Tom H. WILLIAMSON

Core Messages

e In the Western population the commonest
presentations of uveitis are likely to be
intermediate uveitis and juvenile chronic
arthritis

e Visual recovery is often limited because
of the presence of optic atrophy or retinal
damage particularly from cystoid macular
oedema (CMO)

e Retinal vasculitis can produce ischaemia
and a neovascular response associated
with vitreous haemorrhage

e Rhegmatogenous retinal detachment
(RRD) may occur from posterior vitreous
detachment (PVD) formation and can be
dealt with by vitreosurgery whilst being
aware of the possibility of exacerbation of
the uveitis

e In patients with intermediate uveitis,
cystoid macular oedema may account for
between 40% and 60 % of eyes with poor
vision

e Ultimately phthisis bulbi from hypotony
is the most severe end point of these
inflammatory conditions

e Uveitic syndromes may occasionally be
difficult to discriminate from other causes
of posterior infiltration such as infection
and neoplasm

e Ocular lymphoma should be considered
in a patient with steroid resistant posterior
uveitis

e Highly active antiretroviral therapy (HAART)
has changed the clinical picture of
cytomegalovirus retinitis and reduced the
number of presentations

¢ Fungal endophthalmitis (predominantly
candida) is usually seen in patients with
intravascular long lines, e.g. in intensive
care units, or in patients with a history of
intravenous drug abuse

111
Introduction

Inflammatory, infiltrative or infectious disor-
ders of the posterior segment of the eye may re-
quire vitreous surgery to treat or diagnose. This
chapter has been designed to examine the com-
moner presentations and to provide a guide to
the most appropriate management options.

11.2
Inflammation

11.2.1
Non-infectious Uveitis
of the Posterior Segment

Presentations are varied

e Visual loss is common from cystoid macular
oedema

e Hypotony is a catastrophic outcome
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Fig.11.1. Inferior snow banking in a patient with in-
termediate uveitis

The variety of possible presentations of uveitis
of the posterior segment makes it difficult to
generalise on the surgical approach [32]. The
conditions that the surgeon may encounter, de-
pending on the racial mix and geographical lo-
cation, include:

Intermediate uveitis

Uveitis of juvenile chronic arthritis
Sarcoidosis

Idiopathic vasculitis including Eales disease
Behget’s disease

Bird shot chorioretinopathy
Vogt-Koyanaga-Harada syndrome
Sympathetic uveitis

In the Western population the commonest con-
ditions are likely to be intermediate uveitis
(Fig.11.1) and juvenile chronic arthritis. Al-
though often controllable with systemic thera-
pY; those patients with more severe disease may
require vitreoretinal intervention for the fol-
lowing reasons:

Vitreous opacification

Rhegmatogenous retinal detachment (RRD)
Tractional retinal detachment (TRD)
Exudative retinal detachment

Cystoid macular oedema (CMO)

Hypotony

Diagnostic confirmation

11.2.2
Vitreous Opacification

The vitreous may become opaque because of the
presence of cellular deposits, proteinaceous infil-
tration and degeneration of the gel structure. In-
termediate uveitis is known to be complicated by
vitreous haemorrhage, which can be treated suc-
cessfully by vitrectomy [39]. Removal of the gel
may restore vision. Many of these patients are
young and have attached posterior hyaloid mem-
brane (PHM), which will require removal but can
be difficult to detach in the presence of vitreoreti-
nal adhesions. Postoperatively further inflamma-
tion can ensue requiring systemic immunosup-
pressive cover. Visual recovery is often limited
because of the presence of optic atrophy or reti-
nal damage particularly from CMO [45]. Some
surgeons claim that removal of the gel reduces
the ability of the eye to hold inflammatory medi-
ators and thereby reduces recurrence of inflam-
mation in the long term. Evidence for this re-
mains uncertain. Others argue that improvement
following surgery is a result of the removal of vit-
reous opacity rather than any influence on the in-
flammatory process [32]. Reduction in medical
treatment after surgery has been blamed for a re-
bound of inflammation 3-6 months later.

Retinal vasculitis can produce ischaemia and
aneovascular response associated with vitreous
haemorrhage. Pars plana vitrectomy (PPV) can
relieve traction to prevent recurrent haemor-
rhage and clear the visual axis, but unlike dia-
betic retinopathy panretinal photocoagulation
is not universally required.

11.2.3
Retinal Detachment

The inflammatory process can cause shrinkage
of the gel, which in the presence of vitreoretinal
adhesion may produce either TRD or RRD |22,
32]. In TRD from vitreous shrinkage without
neovascularisation or preretinal fibrosis, PPV
and peeling of the PHM will suffice. When TRD
is associated with neovascularisation or fibro-
sis, delamination and dissection of the mem-
branes is required (Fig.11.2). A vitreoschisis as
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Fig.11.2. A patient with epiretinal membranes asso-
ciated with tractional retinal detachment and subreti-
nal exudation from idiopathic vasculitis

® -

Fig. 11.3. Cutting away vitreous traction from a reti-
nal tear caused by vitreous shrinkage in a patient with
Behget’s disease

seen in diabetic retinopathy may be present and
must be recognised to allow appropriate dissec-
tion under the plane of the PHM to aid delami-
nation. Unfortunately TRDs are often associated
with severe subretinal exudation and visual re-
covery is often poor. RRD may occur from pos-
terior vitreous detachment (PVD) formation
and can be dealt with by conventional means
whilst being aware of the possibility of exacerba-
tion of the uveitis (Fig.11.3). Exudative retinal
detachment may be encountered and diagnosed
by shifting fluid and the absence of retinal tears,
traction and epiretinal fibrosis (despite a long-
standing duration of retinal detachment). Be-

ware of the patient with uveal effusion syn-
drome. If immunosuppressive therapy does not
reattach the retina, PPV and retinotomy to drain
the subretinal fluid (SRF) may help. During the
surgery the exudative nature of the retinal de-
tachment can be confirmed by inserting heavy
liquids onto the posterior retina. This will dis-
place SRF anteriorly where it is trapped (because
there is no retinal hole to allow drainage) and
forms a tight ring bulla which overhangs the
heavy liquid. Removal of the heavy liquid reveals
areturn of the retinal detachment to its previous
configuration confirming no loss of SRE. Per-
form a small peripheral retinotomy to drain SRE,
fill with long-acting gas or silicone oil, and laser
the retinotomy. If the uveitis is then controlled,
return of the retinal detachment is unlikely.

11.2.4
Cystoid Macular Oedema

In patients with intermediate uveitis, cystoid
macular oedema may account for between 40 %
and 60 % of eyes with poor vision [16]. Steroid
injections into the vitreous cavity can reverse
CMO in uveitis; however, the chronic nature of
these conditions causes a return of the CMO af-
ter the steroid has been cleared from the eye [3].
Slow release steroid implants or injections may
overcome this difficulty but as yet have not been
extensively investigated. The vitreous is more
often attached in patients with CMO. PPV has
been performed to try to relieve traction on the
macula to resolve CMO [45]. Separating the re-
sponse to vitrectomy from the natural history of
the condition and from the effects of concomi-
tant therapies is difficult because randomised
studies have not been done.

11.25
Hypotony

Ultimately phthisis bulbi from hypotony is the
most severe end point for these inflammatory
conditions. It causes a catastrophic visual loss
and even a cosmetically unacceptable eye. Vit-
rectomy has been used to try and relieve trac-
tion on the ciliary body in hypotony (Fig. 11.4).
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Fig.11.4. A ciliary body detachment (arrow) on ul-
trasound biomicroscopy in a patient with hypotony
from severe intermediate uveitis. The patient has sili-
cone oil in situ

Inspection of the ciliary body with dissection of
any tractional membranes has been performed
only in a few patients and is as yet of uncertain
worth especially as often the ciliary processes

are atrophic and may be non-functional. Inser-
tion of hyaluronic acid to provide a temporary
intraocular pressure (IOP) rise has been em-
ployed. Silicone oil can be used for a more pro-
longed effect and to prevent severe shrinkage of
the size of the eye if hypotony persists [35].
Long-term results of these interventions are un-
known.

11.2.6
Diagnostic Confirmation

Uveitic syndromes may occasionally be difficult
to discriminate from other causes of posterior
infiltration such as infection and neoplasm.
Laboratory processing of a vitreous sample may
confirm the diagnosis especially if polyclonal
white cells are seen on cytology without evi-
dence of infection (Table1ii). A significant
number of patients with uveitis do not have a
definitive diagnosis; only 66 % of cases of ante-

Table 11.1. Cytology of the vitreous in infectious and non-infectious uveitis

Non-infectious uveitis Findings

Lymphoma
Leukaemia
Metastatic tumour
Melanoma

Inflammatory uveitis

Atypical lymphocytes
Atypical lymphoid cells
Tumour cells

Tumour cells with melanin

Inflammatory cells (plasma cells, lymphocytes,

polymorphonuclear leucocytes, monocytes

Lens induced uveitis

Lens material, inflammatory multinucleate cells or

phacolytic cells
Epithelial downgrowth Fibroblasts
Amyloidosis Acellular globules

Juvenile xanthogranuloma

Histiocytes, Touton giant cells

Bacteria
Mycobacteria

Fungal
Toxoplasmosis
Toxocariasis

Acute retinal necrosis

Viral infections

Bacteria, neutrophils

Acid-fast bacilli

Yeast, hyphae, mononuclear cells

Tachyzoites

Eosinophilia, plasma cells, second-stage larvae
Inflammatory cells

Mononuclear cells
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rior uveitis are associated with characteristic
clinical and laboratory abnormalities, increas-
ing to 85% in posterior uveitis with some base-
line blood tests and a diagnostic vitrectomy can
be obtained. Laboratory examination of the vit-
reous is particularly indicated when unusual or
non-characteristic presentations occur.

Biopsy of the vitreous by needle aspiration
may be effective in postoperative endoph-
thalmitis where the vitreous is liquefied by the
infection but may not be appropriate in non-in-
fectious uveitis. Use of a vitreous cutter is rec-
ommended because the increased vitreoretinal
adhesion in uveitic patients may make the risk
of retinal detachment or tear higher [45]. Also
many of these patients are young and likely to
have non-syneretic vitreous gel, increasing the
likelihood of a “dry tap” with a needle. In some
cases vitrectomy is the ideal; in addition to pro-
viding a vitreous sample, vitrectomy may allow
visualisation of the fundus allowing character-
istic features of the disease process to be recog-
nised and hence revealing a supplementary di-
agnosis.

Summary for the Clinician

e Presentations are varied. Visual loss is
common from cystoid macular oedema.
Hypotony is a catastrophic outcome.

The inflammatory process can cause
shrinkage of the gel which in the presence
of vitreoretinal adhesion may produce
either TRD or RRD. Some surgeons claim
that removal of the gel reduces the ability
of the eye to hold inflammatory mediators
and thereby reduces recurrence of inflam-
mation in the long term. Steroid injections
into the vitreous cavity can reverse CMO.
Insertion of hyaluronic acid into hypo-
tonous eyes to provide a temporary IOP
rise has been employed. In some cases
vitrectomy is the ideal; in addition to
providing a vitreous sample, vitrectomy
may allow visualisation of the fundus
allowing characteristic features of the
disease process to be recognised and hence
revealing a supplementary diagnosis.

11.3
Infiltration

11.3.1
Ocular Lymphoma

Lymphoma in the eye presents in elderly, usual-
ly female patients and often bilaterally. Ocular
lymphoma should be considered in a patient
with steroid resistant posterior uveitis. The clin-
ical features, however, can be vague and varied
with intravitreal white cells in a quiet eye, sub-
retinal infiltration and occasional haemorrhag-
ic retinal necrosis [2]. Pseudohypopyon can oc-
cur. Fifty percent of cases present because of
ocular symptoms or signs, the rest because of
CNS involvement (20 % of CNS lymphoma will
affect the eye). Usually a diffuse large cell B-cell
lymphoma is implicated. Patients with AIDs
may develop ocular lymphoma in which Ep-
stein-Barr virus may be causal [33].

11.3.1.1 Diagnosis

e The lymphoma cells are fragile.
e Immunotyping is required.

A vitreous biopsy should be taken but requires
rapid processing of the sample because the lym-
phoma cells are fragile and barely viable. Often
cytology fails to identify the cells and differenti-
ation from inflammation is difficult. Immuno-
typing to identify monoclonal cell lines is useful
to overcome the latter problem [14]. Other op-
tions that have been employed include retinal
biopsy or aspiration of subretinal infiltrates
[12]. Investigation of systemic or intracerebral
lymphoma is advised. Biopsy for neoplasia ac-
counts for 14 % of vitreous biopsies with 72 % of
these having ocular lymphoma [46].

11.3.1.2
Treatment

Surgery can be performed either for diagnosis
or for restoration of vision because the vitreous
cells are reducing vitreal clarity. PPV can be
used to clear the visual axis and is usually un-
eventful. Chorioretinal biopsy leaves the sur-
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geon with the problem of what to do with the
biopsy site. Often silicone oil insertion is re-
quired to maintain a flat retina. Chorioretinal
biopsy should therefore be reserved for those
eyes with poorer visual potential. Intraocular
methotrexate can be inserted in resistant cases.
Otherwise, low dose radiotherapy is very effec-
tive in reducing infiltration in these eyes [29]
and systemic chemotherapy may be considered

[2].
11.3.1.3 Prognosis

e Survival is relatively short because of central
nervous system involvement.

The prognosis for visual recovery is good. How-
ever, the patients have a shortened life ex-
pectancy due to the development of intracere-
bral lymphoma resulting in a poor duration of
survival for these patients of median 3 years [6].

Summary for the Clinician

e Ocular lymphoma should be considered in
a patient with steroid resistant posterior
uveitis. Biopsy for neoplasia accounts for
14 % of vitreous biopsies with 72% of these
having ocular lymphoma. Patients have
a shortened life expectancy due to the
development of intracerebral lymphoma
resulting in a poor duration of survival for
these patients of median 3 years

11.4
Infections

11.4.1
Cytomegalovirus Retinitis

e Highly active antiretroviral therapy (HAART)
has changed the clinical picture and reduced
the number of presentations.

e Patients may now lose vision from immune
recovery uveitis.

11.4.1.1
Presentation

Cytomegalovirus (CMV) infects the retina in
immunocompromised patients. Overwhelm-
ingly these patients suffer from AIDs. Classical-
ly in AIDs the patient has a severe reduction in
their CD4 count to less than 50 cells/pl. Others
requiring systemic immunosuppression such as
Wegener’s granulomatosis or rheumatoid
arthritis occasionally present.

Prior to the availability of HAART, 40% of
AIDs patients developed CMYV retinitis. Retinal
detachment was a common complication of the
retinitis (50 % at 1year after development of re-
tinitis), usually slow in onset because of the
presence of a formed and attached vitreous gel
in these young patients, and was bilateral in
70%. This was linked to early mortality at ap-
proximately 6 months [15].

With the introduction of HAART, control of
viral load is much improved and consequently
CD4 counts are more often preserved. This has
led to a massive reduction in the numbers of
new cases of retinitis which now may only occur
when there is failure or resistance to HAART
[34]. Since HAART, patients with CMV retinitis
have shown an 81% improvement in mortality
[26] and a 60 % reduction in retinal detachment
[25], but most will develop a condition called
immune recovery uveitis which can reduce vi-
sion. This is characterised by posterior segment
inflammation which can cause secondary com-
plications such as CMO, vitreomacular traction
[10], vitreous haemorrhage from retinal neovas-
cularisation [49], and even activation of previ-
ously quiescent infections of the choroid such as
mycobacteria [50].

11.4.1.2
Diagnosis

The retinal appearance is usually typical in the
at risk patient with a necrotising, haemorrhagic
retinitis with a sharp demarcation between
healthy and affected retina. However, biopsy is
required to allow targeted therapy. An intravit-
real biopsy of 0.2ml is adequate for the detec-
tion of viral DNA on polymerase chain reaction
(PCR) for CMV (Table11.2).
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Table 11.2. Causes of vitritis detectable by PCR

1. Herpes simples virus 1 and 2 (HSV 1 and 2)
2. Varicella zoster virus (VZV)

3. Cytomegalovirus (CMV)

4. Epstein-Barr virus (EBV)

5. Borrelia burgdorferi

6. Toxoplasma gondii

7. Mycobacterium tuberculosis

8. Propionibacterium acnes

9. Whipple’s disease

11.4.1.3 Surgery

o Retinal detachment occurs less often since
the availability of HAART and can be treated
without permanent silicone oil insertion.

Treatment of retinitis involves intravitreal an-
tiviral often in the form of a slow release ganci-
clovir implant. This contains 4.5 mg of ganci-
clovir, is inserted into the pars plana at 4 mm
from the corneoscleral limbus and may last up
to 1year. The implant provides local drug deliv-
ery, bypassing the blood ocular barrier with low
dosage whilst minimising systemic side effects.
In approximately 12%, problems are encoun-
tered such as extrusion, vitreous haemorrhage,
or CMO [28]. Endophthalmitis occurs in 0.4%
[43]. Implants can be used in eyes with silicone
oil insertion although the reduced aqueous lay-
er means increased concentrations of the drug
[30] (Fig.11.5). Increasingly, the control of the
viral load is most important to the control of the
retinitis by allowing cessation of anti-CMV
therapy as the CD4 count recovers [49].

The clinical picture of retinal detachment
has changed because of the use of HAART. Pre-
viously patients required PPV with silicone oil
insertion. Removal was not performed because
of the likelihood of progression of the CMV in-
fection and because the patient’s shortened life
span restricted the development of oil induced
complications [4, 15]. Silicone oil has been used
with and without inferior external buckle with
similar success rates [21]. Immune recovery
means that retinitis is no longer progressive and

Fig.11.5. The ganciclovir from an implant is con-
centrated in a thin aqueous layer (arrows) when sili-
cone oil is in situ in the vitreous cavity

the life span of patients is very much prolonged;
therefore surgery may be more appropriate with
gas tamponade [9] or with silicone oil with later
removal of the oil [42].

Attempts to restrict RRD formation or pro-
gression with prophylactic laser therapy around
areas of retinitis has limited success [13] be-
cause the retinitis or retinal detachment ex-
tends through the laser barrier.

11.4.1.4
Prognosis

If retinal detachment occurs, the chance of visu-
al recovery is better when the retina can be fixed
with one operation but good vision is only pos-
sible in approximately 50% [4] although this
may have improved with HAART.

Summary for the Clinician

e Cytomegalovirus (CMV) infects the retina
in immunocompromised patients.
Classically in AIDs the patient has a severe
reduction in their CD4 count to less than
50 cells/pl. HAART has changed the clinical
picture and reduced the number of presen-
tations. Patients may now lose vision from
immune recovery uveitis
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11.4.2
Acute Retinal Necrosis

e Be aware of the risk of second eye involve-
ment and encephalitis.
e Retinal detachments are common.

Viral infections of the retina cause a mixed ar-
teritic and infiltrative retinitis. The causative
viruses are commonly of the herpes simplex
family. Herpes simplex is commoner in young
patients either type 1 or 2 [27, 40]. These patients
may have a history of cold sores.

Herpes zoster is commoner in the elderly
[20] and can be associated with herpes zoster
ophthalmicus and chicken pox. Epstein-Barr
virus can rarely be implicated. The patients are
generally immunocompetent, but herpes zoster
has been implicated in both ARN [48] and pro-
gressive outer retinal necrosis in AIDs patients
[37]. There is a significant risk of bilateral dis-
ease with fellow-eye involvement even years lat-
er and a long-term risk of encephalitis.

The retina has the appearance of peripheral
haemorrhage and infiltration, which spreads
posteriorly to involve the macula, but the pres-
entation has variable severity. The retina may
become moth eaten and retinal detachment is
common, up to 50 %. In severe presentations ex-
udative retinal detachment can occur [17]. Pa-
tients have been described with giant retinal
tears [44], retinal neovascularisation [47] and
peripheral retinal pigment epithelial tears [19].

11.4.2.1
Diagnosis

The clinical pattern can be useful in diagnosis,
but vitreous biopsy is required to determine the
diagnosis and to identify the infective agent. A
vitreous sample of 0.2 ml is usually sufficient to
identify the virus on PCR with a high yield.

11.4.2.2
Treatment

Systemic antiviral therapy such as acyclovir is
given over a period of months to try to prevent
involvement of the second eye and encephalitis.

Intravitreal antiviral such as foscarnet can be
inserted during biopsy.

Management of retinal detachment requires
PPV, gas or silicone oil, laser and buckle de-
pending on the situation [7]. Insertion of sili-
cone oil is often necessary because a causative
single break is frequently difficult to identify,
large areas of the retina are thinned and dam-
aged, and because proliferative retinopathy is
common. Retinal attachment after multiple pro-
cedures is common (90 %) but visual recovery is
poor.

11.4.2.3
Prognosis

The prognosis for vision is poor in the affected
eye; therefore systemic therapy is essential to
prevent involvement of the other eye.

Summary for the Clinician

e The causative viruses are commonly of the
herpes simplex family. Herpes simplex,
either type 1 or 2,is commoner in young
patients and varicella zoster commoner in
the elderly. A vitreous sample of 0.2 ml is
usually sufficient to identify the virus on
PCR with a high yield. Systemic therapy is
essential to prevent involvement of the
other eye

11.4.3
Fungal Endophthalmitis

e Should have a good prognosis if picked up
early enough.

o The patient groups involved can cause delay
in diagnosis.

Fungal endophthalmitis (predominantly candi-
da) is usually seen in patients with intravascular
long lines [23], e.g. in intensive care units, or in
patients with a history of intravenous drug
abuse [1]. The presentation is a slowly progres-
sive endophthalmitis, sometimes bilateral, com-
mencing with preretinal puffball infiltration
(Fig.11.6). The condition is often seen after rou-
tine examination of the fundus in an asympto-
matic patient [1]. An intravenous line may have
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Fig.11.6. An example of candida endophthalmitis
requiring PPV and systemic antifungal therapy is
shown

been used on only one occasion. In heroin abuse
the patient presents with reduction of vision af-
ter using acidic agents such as lemon juice (in-
fected with candida) to dissolve brown heroin.
Infections have been reported after gynaecolog-
ical procedures [11] and postpartum [8]. Prema-
ture infants may also develop the infection.
Contaminated infusion fluid in cataract extrac-
tion caused one surgical outbreak and the infec-
tion can be introduced during penetrating in-
jury [38].

The infection progresses to a more severe
vitreal infiltration with a string of pearl puff-
balls often with balls of white cells on the retina
if the vitreous is detached. There may one or
more foci of infiltration in the retina at the pos-
terior pole. If untreated, epiretinal membranes
may form resulting in macular pucker [31]. Reti-
nal detachment can occur, and phthisis bulbi re-
sults.

11.4.3.1
Diagnosis

Often the clinical picture is so obvious that mi-
crobiological confirmation is not required.
Screening by fundoscopy of intensive care pa-
tients with candidaemia can detect ocular in-
volvement in a few percent [41]. Pathologically
the hyphae reside in the puffballs [36]. A vitre-
ous biopsy may fail to identify the fungus be-
cause the hyphae are scanty in the vitreous. PPV
with microbiological processing of the wash-

Fig.11.7. A large focus of aspergillus in the vitreous
overlying the macula (a), with infiltration of the
choroid and retina (b)

ings in the vitrectomy cassette usually yields the
diagnosis, but PCR has also been advocated
[24]. The usual agent found is Candida albicans
and rarely others occur such as Candida krusei.
Fifteen percent of cases involve Aspergillus
(Fig.11.7), whilst Fusarium is rare [18].

11.4.3.2
Treatment

The mainstay of treatment is systemic antifun-
gal therapy, e.g. fluconazole and flucytosine.
This will easily deal with early infection without
the need for surgery and should be commenced
immediately. More advanced infection with sig-
nificant intravitreal infiltration requires PPV,
which because of the poor viability of the fun-
gus in the eye will remove the local infection [5].
This can be performed usually on the next avail-
able operating list assuming lists every 2-3 days.
Intravitreal amphotericin B may be inserted
during PPV.

11.4.4
Vitrectomy

The surgeon should perform a dry vitreous
biopsy at commencement of the surgery with
the vitreous cutter. Many of these patients are
young and therefore have an attached posterior
hyaloid membrane (PHM). After core vitrecto-
my the PHM should be separated from the reti-
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na. Any large focus of infiltration on the retina
will usually detach with the PHM without caus-
ing undue traction on the retina. Residual white
cells on the retinal surface can be aspirated. Sec-
ondary complications such as RRD or epiretinal
membrane (ERM) can be dealt with by conven-
tional methods.

11.4.4.1
Prognosis

The visual recovery depends on the severity of
the infection and the location of any chorioreti-
nal foci. In general the visual recovery is good if
the infection is dealt with early. Late presenta-
tion or diagnosis is the main reason for poor vi-
sual outcome. The recovery of vision tends to be
worse for Aspergillus than with Candida.

Summary for the Clinician

¢ Fungal endophthalmitis (predominantly
Candida) is usually seen in patients with
intravascular long lines or intravenous
drug abuse. The usual agent found is
Candida albicans and rarely others occur
such as Candida krusei. Fifteen percent of
cases involve Aspergillus; Fusarium is rare.
The recovery of vision tends to be worse
for Aspergillus than with Candida

11.4.5
Other Infections

There are other less common presentations
such as toxoplasmosis, which is associated with
retinal detachments in approximately 6% of
cases, and Toxocara canis may be the cause of
tractional retinal detachments in childhood.
Tuberculosis produces a vasculitis similar to id-
iopathic vasculitis and Eales disease and can re-
sult in retinal detachment despite response to
systemic therapy.
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