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Dear colleagues,

It is a great pleasure for us to welcome you to the beautiful and historical  city of 
Athens, host of the 2010 Course of the European Professors of Ophthalmology 
(EUPO). The course is devoted to the Retina and many distinguished speakers will 
give an overview of theoretical and practical knowledge on diagnosis and treat-
ment of retinal diseases.

The invited lecturers come from different countries of Europe and it is a honour for 
us to have all them in Athens. We think that the interesting scienti c program, as 
well as the outstanding EUPO party, promise the success of the course.

For once more we welcome you and we would like to wish you a very pleasant 
stay in Athens, a city which is characterized by its beauty and hospitality,

Prof. Michael Moschos
Local organizer



Page 2 - EUPO Course 2010

The sequence of the EUPO courses

2010 Athens Retina

2009 Amsterdam (SOE) Cornea, Conjunctiva and Refractive surgery

2008 Geneva Neuro-ophthalmology and strabismus

2007 Vienna (SOE) Glaucoma and uveitis

2006  Ghent Retina

2005  Berlin (SOE) Cornea

2004  Nijmegen Neuro-ophthalmology and strabismus

2003  Madrid (SOE) Glaucoma and uveitis

2002  Erlangen Retina 

2001  Istanbul (SOE) Cornea

2000  Leuven Neuro-ophthalmology and strabismus

1999  Stockholm (SOE) Glaucoma and uveitis

1998  Amsterdam (ICO) Chorioretina

1997  Budapest (SOE) Cornea, conjunctiva, lids, orbit

1996  Athens Neuro-ophthalmology and strabismus 

1995  Milano (SOE) Uveitis, lens, glaucoma

1994  Montpellier Retina

1993  Santiago de Compostella  The external eye  

1992  Brussels (SOE) Neuro-ophthalmology and strabismus 

1991  Torino Uveitis, lens, glaucoma

1990  Bonn Chorioretina

1989  Leuven The external eye and orbit 

1988  Nijmegen
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Gabriel van Rij
President

Werner Spileers
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FRIDAY, October 1, 2010
15:00-19:00 Registration
19:00-20:00 Welcome Cocktail

SATURDAY, October 2, 2010
09:00 Welcome address by Prof. Constatinos Stefanadis, President of the 
 Medical School of Athens University
09:05 Introduction by Prof. Gabriel van Rij, President EUPO

First morning session
    
Moderators: Gabriel van Rij - Luc Missotten Course Page

09:15 The retina
 Luc Missotten, Belgium 1 11
09:35 Retina blood fl ow 
 Constantin Pournaras, Switzerland 2 13
09:55 Fluorescein angiography, clinical interpretation
 Gisèle Soubrane, France 3 19
10:15 OCT, Clinical interpretation
 Dimitrios Brouzas, Greece 4 21
10:35 Laser treatment in retinal diseases
 Stavros Dimitrakos, Greece 5 29
10:55 Coffee break   

Second morning session
    
Moderators: Alma Patrizia Tormene - Michael Moschos Course Page

11:30 Principles of clinical electrophysiology
 Alma Patrizia Tormene, Italy 6 35
11:50 Clinical value of mfERG in macular diseases
 Marilita Moschos, Greece 7 45
12:10 Retinal Ischemia
 Marina Zueva, Russia 8 49
12:30 The role of VEGF in retinal disease
 Jose Cunha-Vaz, Portugal 9 57
12:50 Central serous chorioretinopathy
 Vasilios Kozobolis, Greece 10 63
13:10 Lunch

PROGRAMME
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SATURDAY, October 2, 2010

First afternoon session
    
Moderators: Ursula Schmidt-Erfurth - Francesco Bandello Course Page

14:30 Diabetic macular edema
 Ursula Schmidt-Erfurth, Austria 11 69
14:50 Proliferative diabetic retinopathy
 Ioannis Ladas, Greece 12 71
15:10 Pathophysiology of CRVO 
 Periklis Brazitikos, Greece 13 77
15:30 Current treatment of CRVO 
 Francesco Bandello, Italy 14 89
15:50 Retinopathy of prematurity 
 Georgia Chrousou, Greece 15 91
16:10 Coffee break

Second afternoon session

Moderators: Isabelle Ingster Moati - Murat Oncel Course Page

16:40 Macular edema
 Wojciech Lubinski, Poland 16 97
17:00 Macular hole
 Murat Oncel, Turkey 17 103
17:20 HIV Retinitis
 Christos Kalogeropoulos, Greece 18 105
17:40 Age related macular degeneration
 Miltiadis Tsilibaris, Greece 19 111
18:00 Toxic retinopathies
 Isabelle Ingster, France 20 115
18:20 End of session

20:00  EUPO Party details on page 8
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Classical Vouliagmeni Suites

8, Panos & Chlois streets, 16671 Vouliagmeni

SATURDAY, October 2, 2010

EUPO Party 
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SUNDAY, October 3, 2010

First morning session
    
Moderators: Eberhart Zrener - Agnes Farkas Course Page

09:00 Retinitis pigmentosa
 Maria Stefaniotou, Greece 21 125
09:20 Stargardt Macular Dystrophy – Fundus Flavimaculatus 
 Agnes Farkas, Hungary 22 131
09:40 Hypotonic Maculopathy
 Keith Martin, UK 23 137
10:00 Leber congenital amaurosis
 Sotiris Gartaganis, Greece 24 141
10:20 New Emerging Concepts of Treating Retinal Degeneration
 Eberhart Zrenner, Germany 25 147

Second morning session
    
Moderators: Slobodanka Latinovic - Chrysanthi Koutsandrea Course Page

11:10 Pneumatic retinopexy
 Slobodanka Latinovic, Serbia 26 153
11:30 Vitrectomy for RD 
 Haritoglou Christos, Germany 27 159
11:50 Intraocular foreign bodies
 Chrysanthi Koutsandrea, Greece 28 169
12:10 Idiopathic Epiretinal Membrane (IERM)
 Panos Theodossiadis, Greece 29 175
12:30 Fundus imaging in ocular oncology
 Leonidas Zografos, Switzerland 30 181
12:50 End
13:10 Lunch
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The retina is a part of the central nervous system brought forward in the eye.

We will study
�• the barriers that protect this delicate tissue from external in uences.
�• the photoreception mechanism in rods and cones
�• the analysis of the signal by various neurons in the retina and the transmis-

sion of the information to the brain.
�• the regional differences in the retina.

In each chapter we pay attention to the clinical importance of the structures.

Recommended litterature:
�• The Organization of the Retina and Visual System

Kolb, H., E. Fernandez and R. Nelson. 2002. Webvision: 
http://www.webvision.med.utah.edu

�• How the Retina Works
H. Kolb  2003 American Scientist
http://www.americanscientist.org/issues/num2/2003/1/how-the-retina-works/4

Prof. Dr. L. Missotten
Ophthalmology U.Z. St. Rafael
Kapucijnenvoer, 33
B-3000 Leuven Belgium

The retina1
Luc Missotten, Belgium
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Retina blood fl ow

Constantin Pournaraz, Switzerland

2

OCULAR CIRCULATION 

Knowledge of the anatomy and the regulatory mechanisms of the various ocular 
vascular beds is crucial for understanding the pathophysiologic changes occur-
ring during the evolution of several systemic and local diseases threatening vision. 
The delivery of metabolic substrates and oxygen to the retina in higher mammals, 
including humans and other primates, is accomplished by two separate vascular 
systems, the retinal and the choroidal systems. 

The retinal and choroidal vessels differ morphologically and functionally from each 
other. The OA gives off 2 to 3 main ciliary arteries (CAs), i.e. the nasal and the temporal, 
which supply the corresponding hemispheres of the choroid via branches of the poste-
rior CAs (PCAs) and recurrent branches of the anterior ciliary arteries (ACAs). The ACAs 
arise from the extraocular muscular arterial branching from the OA. The central retinal 
artery (CRA) enters the optic nerve approximately 10 to 15 mm behind the globe, from 
where it assumes its central position in the optic nerve up to the optic disk.

The retinal circulation is an end-arterial system without anastomoses. The CRA at 
the optic disk it divides into two major branches. These in turn divide into arteri-
oles extending outward from the optic disk, each supplying one quadrant of the 
retina, although multiple branchings of the retinal arterioles towards the peripheral 
retina may occur. Retinal arteries and veins divide by dichotomous and side-arm 
branchings. In approximately 25% of human eyes, a cilioretinal artery emerging 
from the temporal margin of the optic disk supplies the macular region, exception-
ally feeding the foveal region .

The terminal vessels, namely the precapillary arterioles and the postcapillary 
venules, are linked through the capillary bed, the venous system presenting a similar 
arrangement as the arterioles�’ distribution. The central retinal vein (CRV) leaves the 
eye through the optic nerve to drain venous blood into the cavernous sinus.

Vascular supply of the choroid

The vasculature of the choroid derives from the OA via branches of the 2 to 3 
nasal and temporal main CAs and the ACAs, which supply the corresponding 
hemisphere of the choroid. The main CAs branch into 10 to 20 short PCAs, which 
enter into the globe at the posterior pole and assume a paraoptic and perimacular 



Page 14 - EUPO Course 2010

pattern before branching peripherally in a wheel-shaped arrangement, and 2 long 
PCAs. Secondary and tertiary branches of the short PCAs are subsequently di-
vided into the major choroidal arteries in paraoptic and perimacular pattern.

Fine structure of retinal and choroidal vessels

Retinal arteries differ from arteries of the same size in other organs in that they 
have an unusually well developed smooth muscle layer and lack an internal elastic 
lamina. The smooth muscle cells are oriented both circularly and longitudinally, 
each being surrounded by a basal lamina that contains an increasing amount of 
collagen toward the adventitia. 

The capillary wall is composed of three distinct elements: endothelial cells, in-
tramural pericytes and a basement lamina. The endothelial cells present at their 
thickest areas a nucleus bulging into the vessel lumen and express several cy-
toplasmic processes. Tight junctional complexes are found along the opposing 
surfaces of adjacent cells. The continuous endothelial cell layer is surrounded by 
a basal lamina within which there is a discontinuous layer of intramural pericytes in 
almost a one-to-one ratio with the endothelial cells. The recognition that pericytes 
are highly contractile cells, coupled with their uniquely high representation in the 
retinal microvasculature has led to the hypothesis that these cells play an impor-
tant role in the regulation of retinal blood  ow. 

Transport through blood-retinal barriers

Optimal cell function requires an appropriate, tightly regulated environment. This 
regulation is determined by cellular barriers, which separate functional compart-
ments, maintain their homeostasis, and control transport between them. The close 
interrelationship of epithelia and vascular endothelium with extracellular struc-
tures, namely extracellular matrix and glycocalyx, may modulate the dynamic 
responsiveness of barrier cells. Two major pathways control the passage through 
barriers, namely the transcellular pathway involving vesicles, speci c carriers, 
pumps, and channels and the paracellular pathway through the intercellular cleft.

The endothelium of intraretinal blood vessels is considered as the main compo-
nent of the inner blood-retinal barrier (BRB) resembling the blood-brain barrier 
in that both separate blood from neural parenchyma. The presence of a com-
plex network of tight junctions, the absence of fenestrations and a relative pau-
city of caveolae make up the tightness of the iBRB. Numerous transport systems 
account for the selectivity of the barrier, such as the transport system for glucose 
across the retinal capillary endothelial cells of the inner BRB, which is mediated by 
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the sodium-independent glucose transporter GLUT1. The outer blood-retina bar-
rier (BRB) is composed of three structural entities, the fenestrated endothelium of 
the choriocapillaris, Bruch�’s membrane, and the retinal pigment epithelium (RPE).

TECHNIQUES FOR MEASURING OCULAR BLOOD FLOW

A number of techniques have been developed to obtain quantitative information 
on the physiology, pharmacology and pathology of the blood circulation in the dif-
ferent ocular vascular beds. 

The Retinal Vessel Analyzer (RVA) has simpli ed markedly the measurement 
of retinal vessels diameter (D), allowing also the quasi-continuous recording of 
D-changes evoked by various physiological maneuvers (dynamic measurements) .

Bidirectional laser Doppler velocimetry (BLDV) allows the measurement of abso-
lute blood velocity. Retinal BF (in l/min) in the main retinal vessels is calculated 
from the centerline velocity (Vmax) of the red blood cells (rbcs) combined with 
D �–measurements of these vessels and calculating the instantaneous

BFmean =  �—  Vmean. Vmean represents an average over the vessel cross-section. 

For a parabolic velocity pro le, Vmean = Vmax/2. 

Laser Doppler  owmetry (LDF) allows the measurement of the change in  ux of 
rbcs in the super cial layer of the ONH, the subfoveal choroid and the iris. The 
change in  ux is proportional to the change in BF if this change is not accompa-
nied by a change in hematocrit. 

General hemodynamic considerations: BF through a blood vessel depends 
upon the perfusion pressure (PP), the pressure that drives blood through the ves-
sel and the resistance (R) generated by the vessels. For an incompressible uniform 
viscous liquid  owing through a cylindrical tube (length L) with radius (r), BF is 
given by the Hagen-Poiseuille law: BF = PP/R, where R = L/2 r 4. Many factors 
make it dif cult to directly apply this law to a microvascular bed. These include the 

-dependence on local hematocrit, the changes in the velocity pro le of the rbcs 
and shear rate at branchings and junctions and others. 

Retinal BF: Retinal BF represents only about 4% of total ocular BF. In primates, 
total retinal BF obtained by the microspheres technique was reported to be be-
tween 25 to 50 ml/min/100g. In humans, recent measurements of total retinal BF 
(40.8 �– 52.9 l/min) using Fourier-Domain OCT are in the range of values obtained 
by BLDV.

D2

4
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Choroidal BF: In animals, choroidal BF is higher than in most tissues with esti-
mates ranging from 500 to 2000 ml/min/100gtissue . There is no technique allow-
ing reasonably precise measurements of choroidal BF in humans. The anatomical 
organization and dense vascularization of the choroid, as well as this high choroi-
dal BF, optimize the partial pressure and concentration gradients for ef cient dif-
fusive exchange across the relatively long distance between the choroid and the 
retina for ef cient delivery of oxygen and nutrients and the removal of carbon diox-
ide and metabolic waste. Thus about 65% of the oxygen and 75% of the glucose 
consumed by the monkey retina is delivered by the choroidal vessels. 

Blood fl ow regulation

Correctly regulated hemodynamics and delivery of oxygen and metabolic sub-
strates, as well as intact blood-retinal barriers are necessary requirements for the 
maintenance of retinal structure and function.

Retinal blood  ow is autoregulated by the interaction of myogenic and meta-
bolic mechanisms through the release of vasoactive substances by the vascular 
endothelium and retinal tissue surrounding the arteriolar wall. Autoregulation is 
achieved by adaptation of  the vascular tone of the resistance vessels (arterioles, 
capillaries) to changes in the perfusion pressure or metabolic needs of the tissue. 
This adaptation occurs through the interaction of multiple mechanisms affecting 
the arteriolar smooth muscle cells and capillary pericytes.

Mechanical stretch and increases in arteriolar transmural pressure induce the en-
dothelial cells to release contracting factors affecting the tone of arteriolar smooth 
muscle cells and pericytes. Close interaction between nitric oxide (NO), lactate, 
arachidonic acid metabolites, released by the neuronal and glial cells during neural 
activity and energy-generating reactions of the retina strive to optimize blood  ow 
according to the metabolic needs of the tissue. NO, which plays a central role 
in neurovascular coupling, may exert its effect, by modulating glial cell function 
involved in such vasomotor responses.

During the evolution of ischemic microangiopathies, impairment of structure and 
function of the retinal neural tissue and endothelium affect the interaction of these 
metabolic pathways, leading to a disturbed blood  ow regulation. The resulting 
ischemia, tissue hypoxia and alterations in the blood barrier trigger the forma-
tion of macular edema and neovascularization. Hypoxia-related VEGF expres-
sion correlates with the formation of neovessels. The relief from hypoxia results 
in arteriolar constriction, decreases the hydrostatic pressure in the capillaries and 
venules, and relieves endothelial stretching. The reestablished oxygenation of the 
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inner retina downregulates VEGF expression and thus inhibits neovascularization 
and macular edema.

Correct control of the multiple pathways, such as retinal blood  ow, tissue oxy-
genation and metabolic substrate support, aiming at restoring retinal cell meta-
bolic interactions, may be effective in preventing damage occurring during the 
evolution of ischemic conditions.

Constantin J. Pournaras, Switzerland
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Fluorecein angiography, clinical interpretation

Gisèle Soubrane, France

3

The role of  uorescein angiography (FA) in managing AMD

FA is presently the gold-standard in the diagnostic examination and follow-up of 
CNV due to AMD. 

Red-free, red light, blue light and auto uorescence.

Detailed interpretation of CNV is the basis to select the most suitable management 
strategy and therapy for patients with CNV due to AMD. 

FA - Resulting classi cation.

The role of indocyanine green angiography (ICG-A) in diagnosis and management 
of AMD. ICG-A - additive information: 

�• early recognition of occult CNV
�• conversion to precise network
�• association to classic CNV
�• localisation of CNV within a PED
�• identi cation of clinically unexpected  PED
�• recognition of chorioretinal anastomosis

Conclusions

FA is still mandatory to diagnose and select the most effective management strat-
egy and therapy.

ICG-A is a necessary adjunct to diagnosis, particularly in cases of occult CNV and 
in dif cult cases.

The confrontation of FA, ICG and nowadays OCT imaging might improve the clini-
cian understanding of the disease and thus select the most adapted treatment.

Professeur Gisele Soubrane, MD, PhD, FEBO, FARVO
Paris, France
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Optical coherence tomography (OCT) is a non Invasive optical imaging technique. 
It captures two-dimensional images from within optical scattering media. Optical 
coherence tomography is an interferometric technique, depending on the proper-
ties of the light source (superluminescent diodes or ultrashort pulsed lasers) and 
has achieved sub-micrometer resolution. 

Commercially available optical coherence tomography systems are employed in 
diverse applications. Optical coherence tomography is a rapidly emerging medical 
imaging technology that has applications in many clinical specialties. In ophthal-
mology, OCT is a powerful diagnostic technology because it enables visualization 
of the cross sectional structure of the retina and anterior eye with higher reso-
lutions than any other non-invasive imaging modality. Furthermore, OCT image 
information can be quantitatively analyzed, enabling objective assessment of fea-
tures such as macular edema or retinal nerve  ber layer thickness. OCT enables 
earlier and more sensitive detection of disease as well as improved monitoring of 
disease progression and response to therapy. 

OCT is analogous to ultrasound mode imaging, but uses light waves instead of 
sound waves. A beam of light is directed to the target and the echo delay and 
magnitude of back re ected and backscattered light is measured, giving axial in-
formation similar to an ultrasound A scan. The light beam is then scanned in the 
transverse direction to generate a cross sectional image similar to an ultrasound 
B scan. OCT images can be displayed in grey scale or false color and represent a 
cross section through the tissue. 

Although OCT is the optical analog to ultrasound, the technology of OCT is radi-
cally different. OCT imaging was challenging because the speed of light is much 
faster than the speed of sound. The direct electronic detection of these high speed 
echoes is impossible and this type of high resolution time measurement can only 
be performed using correlation techniques. OCT measures the echo time delay of 
light by using interferometry, correlating echoes of light from the retina with light 
which has traveled a known reference path delay. 

Light in time domain OCT system is divided into two arms: a sample arm and a 
reference arm. The combination of re ected light from the sample arm and refer-
ence reference arm gives rise to an interference pattern, but only if light from both 
arms have travelled the �“same�” optical distance (�“same�” meaning a difference of 

OCT, clinical interpretation

Dimitrios Brouzas, Greece

4
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less than a coherence length). By this way, a re ectivity pro le of the sample can 
be obtained.

Fig 1: Time Domain OCT system.

Areas of the sample that re ect back a lot of light will create greater interference 
than areas that don�’t. Any light that is outside the short coherence length will not 
interfere. This re ectivity pro le, called an A-scan, contains information about the 
spatial dimensions and location of structures within the item of interest. A cross-
sectional tomography (B-scan) may be achieved by laterally combining a series of 
these axial depth scans (A-scan). En face imaging (C-scan) at an acquired depth 
is possible depending on the imaging engine used.

The axial image resolution in OCT depends upon the resolution with which echo 
time delays of light can be measured. This axial image resolution is determined 
by the bandwidth of the light source used for imaging. Standard resolution OCT 
systems use superluminescent diode light sources which have bandwidths that 
support 10- m axial resolution imaging. However, using advanced femtosecond 
laser light sources, axial image resolutions can be dramatically improved. This 
ultrahigh resolution OCT (UHR) signi cantly improves image quality, and enables 
visualization of individual retinal layers.

in vivo ocular eye measurements and  imaging of human eye, starting in late 80s 
from various groups world wide [1][2][3]. OCT was developed at the Massachusetts 
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Institute of Technology in 1990 and was  rst reported in 1991 [4]. First in vivo OCT 
images �– displaying retinal structures �– were published in 1993 [5][6]. Ultrahigh reso-
lution OCT ophthalmic imaging was reported in 2001 [7]. 

Optical coherence tomography is one of a class of optical tomographic tech-
niques. A relatively recent implementation of optical coherence tomography, fre-
quency-domain optical coherence tomography, provides advantages in signal-to-
noise ratio, permitting faster signal acquisition [8][9].

OCT has critical advantages over other medical imaging systems. Medical ultra-
sonography, magnetic resonance imaging (MRI) and confocal microscopy are not 
suited to morphological tissue imaging: the  rst two have poor resolution; the last 
lacks millimeter penetration depth [7][10].

Fig 2: OCT vs. other tomographic methods

OCT is a powerful diagnostic tool for a variety of ocular diseases. In many cases, 
a de nite diagnosis may be established directly from the OCT images.

In cornea images we differentiate the corneal epithelium, Bowman�’s layer, stroma, 
Descemet�’s membrane and endothelium. A view of angle region shows the iris 
contour and epithelium, the corneoscleral limbus and the anterior chamber angle.
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The vitreoretinal interface is demarcated by the non-re ective vitreous and the 
backscattering surface of the retina. A highly re ective red layer delineates the 
posterior boundary of the retinal pigment epithelium and choriocapillaris. Below 
the choriocapillaris there is a relative weak scattering return from the deep choroid 
and sclera due to attenuation of the signal after passing through the retina and 
choriocapillaris. A dark layer just anterior to choriocapillaris represents the outer 
segments of retinal photoreceptors. The inner margin of the retina shows an area 
of bright back scattering, a red layer that corresponds to the retinal nerve  ber 
layer (RNFL). Retinal thickness is important in the assessment of many macular 
diseases. The accumulation of intraretinal  uid increases the retinal thickness and 
changes the scattering properties of the tissue. In ammatory in ltrates and  bro-
sis are highly re ective, hard exudates and hemorrhages are highly re ective and 
block the re ection from the deeper retinal layers.

Vitreous in ammatory in ltrates, vitreous condensation or hemorrhage give signi -
cant back-scatter signal. The re ection from the posterior hyaloid is typically weak 
because vitreous has the same refraction index with  uid. An epiretrinal mem-
brane is easily recognized if is detached from the retina otherwise the distinction 
depends in optical re ectivity differences. 

Fig 3
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OCT can effectively distinguish macular pathologies. OCT can assess the sta-
tus of vitreoretinal interface. It is effective in staging macular holes and permits 
measurements of hole diameter and the extent of surrounding subretinal  uid ac-
cumulation. Also OCT can monitor the progression or the recovery after macular 
surgery.

Fig 4: Epiretinal membrane A) Before and B) after surgery.

In retinal vascular occlusions and diabetic retinopathy OCT is useful in monitor-
ing the development of macular edema and resolution of macular thickness 
after treatment.

In central serous chorioretinopathy (CSCR) OCT is highly sensitive to shallow el-
evation of neurosensory retina. It can distinguish CSCR from pigment epithelium 
detachment. OCT can provide additional diagnostic information in cases that oc-
cult choroidal neovascularization must be excluded. 

In subretinal neovascularization there are abnormalities in the choriocapillaries and 
pigment epithelium. OCT is effective in quanti cation of subretinal, intraretinal and 
sub-pigment epithelium  uid. Also provides an objective means of following edema 
through successive examinations to evaluate the effectiveness of treatment. 
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Fig 5: Macular hole A) Stage 2, the posterior vitreous face is attached. B) Stage 3, the posterior vitreous 

          face is detached.

In chorioretinal in ammatory diseases migration of in ammatory cells into the 
retina and vitreous increases the concentration of optical scatters. OCT localizes 
the in ltrates to speci c retinal layers and provides a means to track the extent 
of in ammation. OCT images through fovea allow accurate evaluation of macular 
edema and monitor the effectiveness of treatment. 

For diagnosis of glaucoma and early detection of glaucomatous progression there 
are several types of scanning patterns useful in evaluating the optic nerve head 
providing information on cupping. The nerve  ber layer thickness and the degen-
eration in the peripapillary area may also be important in the diagnosis and post-
treatment follow up of glaucoma. A useful way of assessing RNFL in this area 
is to image the retina by circular OCT tomograms centered on the optic nerve 
head. Each tomogram is displayed unwrapped corresponding to a clockwise scan 
around the optic disc. These measurements compared to standard normal values 
or values obtained from previous examinations combined with automated image 
analysis, provide objective assessment of glaucoma and glaucoma progression.

OCT can provide additional information in cases of optic nerve diseases such as 
optic atrophy, papilledema or optic disc pit. 

OCT is a dynamically evolving new imaging technology with already signi cant 
contribution to diagnosis, follow up and understanding of many ocular diseases. 
Also OCT role in macular surgery is priceless.
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Laser treatment in retinal diseases

Stavros Dimitrakos, Greece

5

Aim of the lecture: To initiate beginners in Ophthalmology to the principles of la-
ser photocoagulation in retinal diseases, to the rationale and the techniques used 
in clinical practice and to provide fundamental guidelines for safe and ef cient 
treatment.

History: During the past 50 years ophthalmologists conduct light through the ocu-
lar transparent media in order to burn structures of the fundus. A re nement of the 
technique consists in the use of a single frequency of electromagnetic radiation, 
within or outside the visible spectrum, by means of L.A.S.E.R. (Light Ampli cation 
by Stimulated Emission of Radiation). 

I. BASIC KNOWLEDGE ON THERMAL LASER APPLICATIONS:

Laser frequencies and their biological effect: Laser is emitted from noble gas 
(Neon, Argon, Krypton, Xenon) tubes or from appropriate solid state Diodes, as 
visible light of a precise color or as invisible radiation, guided by a coaxial visible 
Laser, usually a Neon-red beam. If this radiation is properly conducted through the 
transparent media and focused on the ocular fundus, its energy is absorbed by the 
pigments of the fundus structures, such as, hemoglobin, oxyhemoglobin, xantho-
phyll, lipofuscin and melanin and transformed into heat. Fundus pigments capture 
Lasers depending on the complementarity of their absorption/emission frequen-
cies. For example, red hemoglobins, yellow xanthophyll and orange lipofuscin 
capture more energy from blue or green Argon- than from red Krypton-Lasers. 
Thus Krypton Laser penetrates deeper into the outer retina and the choriocapil-
laris. Melanin captures completely any frequency.

Laser treatment indications in retinal and choroidal disease: Most common 
indications for Laser coagulation are the following:

1. Ischemic retinal angiopathies with inner blood-retinal barrier breakdown and 
capillary occlusion, such as Diabetic Maculopathy, with clinically signi cant 
macular edema and Pre-proliferative (ischemic) or Proliferative (neovascu-
lar) Diabetic Retinopathy, respectively.  

2. Symptomatic retinal breaks secondary to vitreous traction.
3. Retinal macroaneurysms and extrafoveal subretinal new vessels. 

How Laser burns act on the structures of the ocular fundus. Wavelength, 
pulse duration and spot size: Laser radiation passes through the clear ocular 
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media and focuses on the fundus, using appropriate optical devices. Corneal 
opacities and cataract may impede the  ow of the radiation, especially of shorter 
wavelengths, thus requiring increased energy input. The radiation reaching the 
fundus is captured by the above mentioned pigments and transformed into heat, 
especially after the impact with melanin within the retinal pigment epithelium (RPE) 
and the choroid. The applied burn coagulates all structures surrounding the focus 
in three dimensions, depending on radiation wavelength, duration of energy de-
livery and spot size. Shorter wavelengths induce super cial burns; longer wave-
lengths penetrate deeper into the choriocapillaris. On the other hand, despite the 
fact that energy delivery equals to the product of Laser pulse power and pulse 
duration (E=P*t, or Joule = Watt*sec), the biological effect of equal energy on the 
fundus tissues may be different. Considering constant energy delivery, short puls-
es of 0.1 sec penetrate deeper, longer pulses of 0.2-0.5 sec spread at the retina-
RPE interface causing a burn fading towards its periphery. Similarly, a spot size of 
less than 250 m induces more homogenous and deep penetrating burns than a 
spot size greater than 250 m due to the fading effect toward the burn periphery.
Finally, isolating media, such as air or silicone oil in contact to the retina, enhance 
the burn, as they do not absorb heat in the manner vitreous  uid does. 

Complications: Laser photocoagulation of the fundus includes immediate haz-
ards by inadvertent use, such as burns on the foveola, the papillomacular bundle 
and bene cial by-pass vessels and anastomoses, as well as, later complications, 
such as abnormal vitreo-retinal adhesions,  broblast stimulation and remote ILM 
shrinking on the fovea. 

II. ELEMENTARY KNOWLEDGE ON LASER APPLICATION TECHNIQUES: 

Focusing a Laser beam on the fundus structures: In order to focus the aiming 
Laser beam at the same plane as the illuminating beam of the slit lamp, one should 
project a very  ne slit on the focusing device of the slit lamp then adjust the ocular 
lenses of the biomicroscope switching them from the + to the �– position. A Laser 
beam of 50 m of diameter should be focused on the center of the  ne slit until 
it reaches its minimal size end its maximal brightness. The Laser beam is conse-
quently focused on the fundus simultaneously with the slit lamp. 

Laser energy delivery parameters: The optimal spot size ranges between 200 
�– 250 m, giving homogenous burns and diminishing the risk of hemorrhages or 
choroidal new vessel formation. A pulse duration of 200 s gives homogenous 
burns and is safe even placed near the fovea. Such a pulse permits a power re-
duction by 50%, compared to a pulse of a shorter duration, to achieve the same 
energy delivery and the same burn intensity, and last but not least a diminished 
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discomfort for the patient. The laser operator should never forget that patient dis-
comfort during photocoagulation, depends proportionally on the power delivered 
and inverse proportionally on the retinal thickness and water content at the treated 
site. Burns are more painful if placed at retinal periphery.

Strategies for the laser treatment: Depending on the area and extent as well as on 
the density of the laser burns, laser photocoagulation is characterized as focal, 
grid pattern or panretinal when used for the treatment of vascular retinal diseases.  
Coagulation is also used to surround retinal breaks under the vitreous base, with-
out surrounding retinal detachment or to occlude retinal or choriocapillaris vessels 
in cases of retinal aneurysms or subretinal neovascularization (e.g. wet age related 
macular degeneration).

Useful tips for beginners:

Preparation for the treatment: 
�• Both patient and physician must be seated comfortably.
�• Patient information about the nature of the treatment and the evidence 

based knowledge (e.g. ETDRS visual acuity), the aims and results of the 
Laser treatment and patient�’s informed consent must be available.

�• Check devices,  lters, aiming beam 
�• Appropriate laser spot size, power and duration must be set.
�• Immobilize the ocular globe with a contact lens in order to diminish Bell�’s 

phenomenon (patient shutting the eyes as a reaction to pain).

Proper biomicroscopy of the fundus and laser application

�• Always acquire an overview of the fundus and match biomicroscopy with 
angiography  ndings 

�• Retinal thickness relates to burn intensity and pain (macular thickness is great-
er than peripheral retinal thickness): Set and reset Laser power if necessary. 

�• Keep in mind that ef cient burns are always less than those indicated by 
the shot count.

�• Tilt the contact lens, exert pressure on the globe, use scleral indentation on 
the ora serrata and equator in order to achieve treatment of retinal breaks in 
the extreme retinal periphery.

Follow-up of the treatment issues:

�• Compare best-corrected visual acuity (B.C.V.A.) before and after treatment
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Principles of clinical electrophysiology

Alma Patrizia Tormene, Italy

6

1. Introduction

Electrophysiological eye tests aim to quantify the functionality of diverse parts of 
the visual system. 
Because the conditions of adaptation to the light in which the test is carried out, 
just as different stimuli or different recording methods, can modify the characteris-
tics of the response, the International Society for Clinical Electrophysiology of Vi-
sion periodically publishes or reviews the established criteria adopted for obtaining 
�“standard�” tests, i.e. tests considered to be fundamental for electrofunctional clini-
cal diagnosis. (www.iscev.org ).
All the currently available instrumentation is suitable for obtaining standard tests; 
using a common standard allows laboratories to compare the results they obtain. 
Each electrofunctional test is carried out using recording electrodes that are posi-
tioned as close as possible to the �“generator�” of the potential,  reference electrodes 
and an earthed electrode.  
Trace averaging techniques and  lters are required to reduce noise and obtain the 
best quality traces possible to facilitate interpretation of results. [1]

Electrofunctional tests must however be associated with clinical objectivity and 
used alongside other imaging methods and ophthalmological functions so as to 
obtain the most detailed anatomo-functional picture possible of ocular pathologies.

2. Electroretinography

Elettroretinography should be distinguished in  Flash techniques: Full Field Flash 
Electroretinography (ERG) and Electroretinograms that  are obtained using struc-
tured light stimuli: pattern ERG (PERG) and multifocal ERG (mfERG). [2]

2.1. Full Field Flash ERG

This involves recording the response to a short exposure to a light source, a  ash: 
the  ash is generated inside a cupola (Ganzfeld bowl) so as to ensure homogene-
ous illumination of the retina. The test must be done with the pupil dilated. 
The light passes through the optic media and the retina activating photopigments 
in the photoreceptors and, consequently, inducing intraretinal transmission. 
The transmission of an electrical �“current�” from the outer layers of the retina to the  
inner  spreads towards the cornea and is recorded by the electrodes positioned on 
the surface of the eye ( contact lens,   bre, glod foil or HKloop).
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L�’ERG full  eld is a mass electrical response generated by both the neural and 
non-neural retina cells of the whole retina. The speci c characteristics of the di-
verse photo-receptors mean that, by exploiting retinal dark or light adaptation and 
 ash stimulation intensity and frequency, electrical responses can be obtained 
from different �“groups�” of cells. 
L�’ERG full  eld is an objective measure of functionality of the retina and does not 
require any particular patient cooperation. This method can offer clinical informa-
tion regarding pathologies that affect large groups of retinal cells (e.g. heredo-
degenerative retinal diseases) but cannot offer much  information about smaller 
areas of the retina (e.g. maculopathies).
Full  eld ERG standards cover 5 different ERGs (Fig. 1)

Fig. 1: ERG standard (ISCEV)

ERG Rod Response: after 20 minutes adaptation in the dark the retina is stimu-
lated with a series of low intensity  ashes of light (0.01 cd.s.m-2). Retinal response 
comes mainly from the rods. 

ERG Combined Rod and Cone Response: after adapting to the dark, the stimu-
lation is with a high intensity  ash ( ash standard: 3.0 cd.s.m-2), the retinal re-
sponse obtained comes from both photoreceptor groups: cones and rods. 

The trace is composed of a negative component (�“a�” wave) and a positive compo-
nent (�“b�” wave). The a wave derives from the photoreceptors, while the b wave  is 
the result of the transmission from external to internal layers of the retina (bipolar 
and Muller cells).

ERG Oscillatory Potentials: suitable  ltration of low frequencies has highlighted 
a series of waves that can be found in the rising branch of the b wave which reveal 
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the activity at the level of  intermediate retina and, in particular in the amacrin cells.

ERG Cone response: after 10 minutes adapting to the ligth (30 cd.m-2) and with  
a high intensity  ash ( ash standard: 3.0 cd.s.m-2) response can be obtained from 
the cones in the retina 

ERG fl icker response: a series of high intensity, high frequency  ashes (30Hz) are 
used to determine response of those cells able to repolarise fastest: the cones. 

ERG traces can be used to evaluate 
�• a amplitude: from the base line to its trough. 
�• b amplitude: from the trough of the a wave to the peak of the b wave. 
�• a and b implicit time (or peak latency): from the stimulus to the peaks of the 

two waves. 

2.2. ERG produced by structured stimuli 

2.2.a. Pattern ERG (PERG)

PERG is the response that is evoked by a structured stimulus (checkerboard) that 
covers 10°-16° of retinal area. The retina is conditioned by being adapted to room 
light, the patient�’s pupil  must not be dilated and the retina must optimum optical 
correction for the stimulation distance. 
The most widely adopted stimulation used in clinical tests is the Transient pattern 
reversal stimulation with a temporal frequency of < 3 Hz (< 6 reversal per second). [3]

The trace shows three waves: N35, P50, N95 whose amplitude and implicit time 
(peak latency) can be measured. (Fig. 2)

Fig. 2: Standard PERG transient pattern reversal
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The  rst part of the trace (N35-P50) is in uenced by ganglion cells functioning and 
by the external layers of the retina, wave N95 involves only ganglion cell functioning.

2.2.b. ERG multifocal (mfERG)

The mfERG response is evoked using a structured stimulus, an array of hexagonal 
elements, which are projected in the central 40°-60° degrees. Stimulation follows 
a pseudo-random sequence called the m-sequence and traces are the result of 
mathematical analysis of electrical variations that are created in the various areas 
of the retina being stimulated. [4]

The pupil must be dilated and the patient is examined in room light. 

A series of waves will be obtained (usually 61 or 103 depending on the number of 
elements in the pattern) which correspond to the response from the retina areas 
that have been stimulated. (Fig. 3)

Fig. 3: mfERG: stimulus of 61 (A) and 103 (B) elements

Each trace has three waves N1-P1-N2.

Diverse mathematical analyses can be made of these traces (3D graphics, con-
centric rings, quadrants etc). (Fig. 4) 
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Fig. 4: Example of response to a 103 element stimulus: A: plot, B: 3D

The mfERG is a retinal response mediated by cones (cone driven retina).

3. Electro-oculography (EOG)

There is a difference of potential of about 6 mV (standing potential) between the in-
ner and the outer retina. This potential is reduced after adaptation to the dark and  
increases during adaptation to light. Variations in this potential are the result of 
the functionality of the pigment epithelium in relation to photoreceptor activity. [5]

The spread of the charge from the posterior pole to the anterior pole of the eye 
renders the cornea positive with respect to the posterior part of the eyeball. 

Thus we could see the eye as a dipole, with the anterior part positive and the 
posterior part negative.

When the eye carries out movements of a de ned amplitude (in a Ganz eld bowl, 
looking at two leds, which light up alternately, and are placed 30° apart) and the 
movements are recorded by two electrodes placed close to the canthi of each eye, 
it reveals a difference in potential. This difference decreases during adaptation to 
the dark to a minimum (dark trough) which is usually reached after 20 minutes of 
adaptation; during adaptation to light (100 dc/m 2) it increases to a maximum (light 
peak) which is usually reached after 15 minutes of adaptation to light. (Fig. 5)
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Fig. 5: graphic of EOG: Upper part: the trace obtained from diverse recordings made both in the dark and 

in the light. Lower part: saccadic movements. On the right the Arden ratio (AT) of the two eyes. 

The light peak/dark trough relation (LP/DT =Arden ratio) indicates the functionality 
of the photoreceptors-pigment epithelium. In normal subjects the ratio is greater 
than 1.8 ( 180%).

4) Visual Evoked Potentials (VEPs)

Visual Evoked Potentials are signals that originate at the level of the occipital cor-
tex when the retina is stimulated. 
They are the result of a retinal stimulus being transmitted to the occipital cortex.
VEPs can be obtained using  ash stimuli (fl ash VEPs) or with structured stimuli 
(pattern VEPs).
Recording electrodes are placed on the skin at the level of the occipital cortex and 
the subject must be able to stare at the pattern with optimum optical correction. [6]

Because of differences between individuals,  ash VEP can only offer information 
as to whether there is, or is not, transmission.
Pattern VEPs are obtained by checkerboard stimulation in which the alternation 
can either be pattern reversal (dark elements alternating with light elements) or be 
pattern onset/offset (the checkerboard appears and disappears). Total luminance 
is however kept constant (isoluminant).
There are various waves in the traces of  ash VEPs. 
The most robust components of  ash VEPs are the N2 and P2 peaks (Fig. 6):
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Fig. 6: Flash VEP Trace.

There are 3 waves in VEP transient pattern reversal: N 75, P100, N 135 (Fig. 7)

Fig. 7: VEP transient pattern reversal trace

The most important waves in onset/offset VEPs are called C1, C2, C3 (Fig. 8).

Fig. 8: Onset/offset VEP trace
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Amplitude and implicit time (or peak latency) are revealed by the diverse compo-
nents which offers information regarding the extent of the response and about the 
time the response takes to travel from the retina to the occipital cortex.

Onset/offset VEPs are less in uenced by the level of patient cooperation when 
staring and offer useful information in the event of a malingering subject or in 
subjects with nystagmus.
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Clinical value of mfERG in macular diseases

Marilita Moschos, Greece

7

In 1849 Dubois-Reymond discovered in Fish eyes an electric potential using an 
electrode placed behind the eye, and in 1933 Granit put the bases of the Clinical 
Electrophysiology of Vision.

Since then the development of Clinical Electrophysiology was continuous and the 
changes of different components of Electroretinogram (ERG) were better inter-
preted.

Although the remarkable evolution of electrophysiological study of the retina, the 
Full- eld ERG, is a mass potential, the result of the summed electrical activity of all 
the retinal cells. Therefore a pathological scotopic or photopic ERG is an indicator 
of an extensive, congenital or acquired, degeneration of cones or rods, but it is 
unable to prove the existence of a lesion in a limited retinal area, even if this area 
is the macula.

The cones of the macula account for only 7% approximately of the total cone 
population. As a result, cone responses from the macula contribute for less than 
10% of the full- eld cone ERG, and diseases limited to the macula typically are not 
detected with standard ERG. For this reason specialized techniques, like foveal 
or Pattern ERG, have been developed in order to record local responses to focal 
stimuli within the macula, but each of these methods had to overcome many prob-
lems related with the low amplitude and responses to stray light.

In 1992 Sutter and Tran (1) introduced a multifocal-ERG (mf-ERG) system that can 
stimulate multiple retinal areas simultaneously and detect each response inde-
pendently. With this method they have succeeded in constructing an ERG topog-
raphy of  ne resolution, which allows a functional mapping of the retina

The stimulus consists of 61 or 103 hexagons covering a visual  eld of 30 or 50 
degrees around the macula and the responses are mapped geographically to pro-
duce a functional map of the retina, similar to the one of the visual  elds testing. 
The response density (amplitude per unit retinal area, nV/deg2) of each local re-
sponse was estimated as the dot product between the normalized response tem-
plate and each local response. The mf-ERG stimuli location and anatomic areas 
corresponded roughly as follows: ring 1 to the fovea, ring 2 to the parafovea, ring 
3 to the perifovea, ring 4 to the near periphery and ring 5 to the central part of the 
middle periphery. The amplitude of each group was scaled to re ect the angu-
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lar size of the stimulus hexagon, which produces the response. These averages 
give a more accurate view of the relative response densities of each group. The 
retinal response density decreases with eccentricity, although there is no further 
decrease from ring 4 to ring 5 (Figure 1).

Figure 1. Normal mf-ERG. In the 3-Dimension plot the top corresponds to the fovea.

It is interesting that we may average solely the electrical responses of one of these 
rings or of the quadrants and measure separately the electrical activity of any 
retinal area.

In contrast to a single response using the Focal or the Pattern ERG, the mf-ERG 
indicates not only the central loss of function in maculopathies but also allows a 
detailed description of the extent of the lesion.

The reduction of central retinal activity can be detected in all kinds of maculopa-
thies as in Stargardt disease, in cone dystrophy, Vitelliform maculopathies, juvenile 
retinoschisis, macular hole, epiretinal membrane (2), central serous chorioretinop-
athy (3) age-related macular degeneration (AMD) (4), diabetic retinopathy, central 
retinal vein occlusion (CRVO) (5), and others. This leads to a crater or volcano like 
appearance in the three dimensional plot.
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Since some years the anti-VEGF like bevacizumab, ranibizumab or Pegaptanib 
are used widely for choroidal neovascularization due to AMD, CRVO or diabetic 
maculopathy. For monitoring the evolution of these diseases, OCT study and VA 
measurement are mainly used. OCT gives information only for the decrease or not 
of the macular edema, and VA is a subjective method unreliable for the evaluation 
of little improvement of vision especially in old people. For this reason it seems 
that in these cases, the study of electrical activity of the macula with mf-ERG may 
be more reliable for the assessment of macular function.

In conclusion the mf-ERG is a reliable objective diagnostic method not only for the de-
tection and evaluation of macular function even in eyes without clinical symptoms, but 
also to monitor the evolution of a macular disease treated surgically or pharmaceutically.
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Retinal Ischemia

Marina Zueva, Russia

8

Ischemia refers to blood  ow to cells and organs that is not suf cient to provide 
adequate oxygenation, and to maintain their normal function. Retinal ischemia 
results in irreversible morphologic and functional changes due to the deprivation 
of glucose and oxygen, followed by a cascade of biochemical responses involving 
glutamate release, water and ion transport, and activation of apoptosis-signaling 
pathways. Hypoxia is an integral part of ischemia and plays a vital role in patho-
physiology of a large number of retinal diseases, and may occur as the ocular 
complication of a systemic disease. Retinal ischemia-hypoxia underlies central 
retinal artery occlusion and ischemic central retinal vein thrombosis; it is impli-
cated in diabetic retinopathy (DR), age-related macular degeneration (AMD), glau-
coma, retinopathy of prematurity (ROP). 

Oxygen supply to the retina, and the vascular and neuronal networks cross-talk

Retina consumes oxygen more rapidly than other tissues, and the structural and 
functional integrity of the retina depends on a regular oxygen supply. Oxygen is 
delivered to the retina via two vascular systems: the retinal and choroidal blood 
supplies, which differently provide with nourishment retinal neurons. The retinal 
circulation is characterized by a low level of blood  ow and high oxygen extrac-
tion. It provides oxygen to the inner two thirds of the retina, including the bipolar 
and ganglion cell layers. The choroidal circulation is characterized by high level of 
blood  ow and low oxygen extraction and supplies the outer parts of the retina 
including retinal pigment epithelium, photoreceptors and parts of bipolar cells. 
Inner layers of the retina show highest sensitivity to hypoxia, whereas the outer 
retina is more resistant. 

There is the balanced interplay of the neural retina and the vasculature that nour-
ishes it, and therefore, retinal diseases in different extent affect both the neuronal 
and vascular nets.

Molecular mechanisms of ischemia and their role in pathophysiology of reti-
nal diseases

In the retina, neuronal death and neovascularization (NV) are two most impor-
tant pathological consequences of ischemia. In ischemia, the oxygen and glucose 
supply to the retina is blocked, disrupting cellular energy metabolism. Ischemia 
could injure the neurons by different mechanisms or their combinations. Asso-
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ciated with ischemia molecular mechanisms underlying retinal diseases include 
oxidative stress, excitotoxicity, acidosis, the action of cytokines etc. These mech-
anisms overlap their pathways. Hypoxia induces transcriptional activator hypoxia-
inducible factor-1  (HIF-1 ) and its target genes vascular endothelial growth fac-
tor (VEGF) and nitric oxide synthase (NOS), whose overproduction was implicated 
in neuronal death. 

Retinal ganglion cells (RGCs) are known to be more sensitive to ischemia than 
other retinal neurons. Evidence suggests that apoptosis is a prominent mode of 
ischemic cell death. There is a cell-speci c sensitivity to ischemic injury, which 
may re ect variability in the balance of excitatory and inhibitory neurotransmitter 
receptors on a given cell. Retinal hypoxia results in increased release of VEGF, 
glutamate, in ammatory cytokines, reactive oxygen species (ROS) and other fac-
tors, which cause the RGCs loss through various mechanisms such as disruption 
of blood retinal barrier, excitotoxicity and accumulation of intracellular Ca2++. 

In glaucoma, the RGCs are the primary cell types involved in glaucomatous injury 
to the retina. Various components in the optic nerve head may be affected by 
oligaemia/hypoxia because of an alteration in the microcirculation. Besides that, 
different other cell type alterations related to retinal ischemia sequel in pathophysi-
ology of glaucoma are identi ed.

Abnormal vessel growth is observed in a number of eye diseases. Hypoxia and 
ischemia play an important role in choroidal NV development in AMD. Proliferative 
DR is characterized by retinal NV. NV also occurs in sickle cell retinopathy, branch 
vein occlusion retinopathy, ROP.

The molecular basis of NV involves the interplay of controlling factors. Retinal 
ischemia leads to NV through a VEGF. Other players include the  broblast growth 
factor (FGF) family, tumor necrosis factor-alpha (TNF- ), insulin-like growth factor 
I (IGF-I), hepatocyte growth factor (HGF), angiopoietins. In the retina, angiogenesis 
is regulated by two counterbalancing systems: angiogenic stimulators, such as 
VEGF, and angiogenic inhibitors, such as angiostatin, transforming growth factor 
beta (TGF- ), and pigment epithelium-derived factor (PEDF). Under pathological 
conditions, breaking the balance between the positive and negative regulators of 
angiogenesis results in a higher VEGF/PEDF ratio, and as a result, endothelial cells 
over-proliferate, leading to retinal NV. 

Another important factor playing critical role in ROP is IGF-I. IGF-I was shown 
to act indirectly as a permissive factor by allowing maximal VEGF stimulation of 
vessel growth. Lack of IGF-1 in preterm infants prevents normal retinal vascular 
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growth in phase I of ROP, despite the presence of VEGF. As infants mature, rising 
levels of IGF-1 in phase II of ROP allows VEGF stimulated pathological neovas-
cularization. 

Retinal neurons vulnerability to ischemia-hypoxia

RGCs are more sensitive to ischemia than other retinal neurons. Parvocellular 
RGCs appeared to be more resistant to ischemia as compared to magnocellular 
RGCs. Molecular bases of this difference could lie in the density of glutamate 
receptors on these neurons - the magnocellular neurons are more susceptible to 
NMDA toxicity. However, in glaucoma, recent works reported no evidence for spe-
ci c magnocellular damage, and in electroretinography, the pattern ERG (PERG) 
to large stimulus checks is known to be relatively spared in early stages of glau-
coma in contrast to the PERG to small check sizes. 

Besides RGCs, all classes of neurons are susceptible to ischemia. Photoreceptors 
have the highest oxygen requirements of any cell in the body, and are involved in 
different hypoxic-ischemic diseases of the retina. Light-adapted photoreceptors 
are less sensitive due to diminished metabolic demands, and rods are more sensi-
tive than cones. Amacrine cells in the inner retina are also sensitive to ischemia 
and glutamate excitotoxicity. 

Electrophysiological visualization of ischemic damage to the retina 

Electrophysiological methods allow us to estimate the alterations in different struc-
tures that contribute to visual function by recording evoked potentials of the retina 
and cortex. These methods serve for the objective monitoring of visual functions, 
and help us to understand the pathologic mechanisms in retinal and optic nerve 
hypoxia. Various components of electroretinogram (ERG) have different cellular 
origins, and ERG is a valuable tool for the assessment of blood  ow-dependent 
and ischemia-dependent neural activity. 

In different ocular pathologies, the ERG b/a-wave amplitude ratio and power den-
sity of the oscillatory potentials (OPs) provides the most accurate assessment of 
the degree of retinal ischemia. The OP power measurement appears to be a reli-
able method in detecting of preclinical signs in diabetic and hypertensive retinopa-
thy. OPs are reduced also in patients with early glaucoma and optic nerve disease. 

Retinal glial cells undergo an activation process in DR, glaucoma and other pathol-
ogies related to ischemia. Because Muller cells do not contribute to the ERG gen-
eration at more than 2 Hz, the ratio of the single- ash ERG b-wave amplitude to 
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the  icker ERG amplitude (the glial index, Kg) is used as a criterion of Muller cells�’ 
activity and glio-neuronal interactions. The Kg presented an objective mark of 
reactive gliosis in the retina, and of retinal ischemia. 

Ganglion cell death could not be assessed by conventional ERG, and we have 
to pay a special attention to ERG tests that speci cally re ect the RGCs (and in-
ner retina) function. The PERG, which re ects ganglion cell activity itself, and the 
photopic negative response (PhNR) are most sensitive of these tests (especially in 
the early glaucoma). Another useful method is visual evoked potentials (VEP). The 
different modi cations of OPs, PERG, PhNR and VEP methods have been using 
now, including based on the multifocal technique.

Summary

Retinal ischemia provokes a destructive cascade of events, which can result in 
RGCs loss and NV in a number of retinal pathologies. Knowledge of underlying 
molecular mechanisms of post-ischemic retinal disorders, which are still being 
elucidated, is necessary for understanding the pathophysiology of such diseases 
as DR, glaucoma, ROP, and plays an important role for the elaboration of new 
therapeutic strategies. Electrophysiology may help in early diagnosis, monitor-
ing the course of the diseases, understanding of pathophysiological mechanisms, 
and may serve as a useful addition to morphologic evaluations in studies of neu-
roprotection. 
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The role of VEGF in retinal disease

Jose Cunha-Vaz, Portugal

9

Angiogenesis, the formation of new blood vessels from existing vessels, occurs 
through a multi-step process, including: production of angiogenic growth factors 
by diseased tissue, binding of angiogenic growth factors to receptors on existing 
vascular endothelial cells (EC), activation of EC gene expression of pro-angiogenic 
molecules, EC invasion of surrounding tissue, EC migration and proliferation, for-
mation of vascular tubes by EC, and stabilization of new blood vessels by mural 
cells. Each of these steps is potentially vulnerable to pharmacologic targeting, and 
anti-angiogenic therapies directed at various steps are under investigation.

Under normal conditions, the vasculature is quiescent except during processes 
such as wound healing and the menstrual cycle, presumably due to a balance 
between inducers and inhibitors of angiogenesis. A critical step in the initiation 
of angiogenesis arises from changes in the tissue milieu which leads to an imbal-
ance between inducers and inhibitors, either from increased levels of inducers, 
decreased levels of inhibitors, or both. Hypoxia in the retina is thought to alter this 
balance largely by increasing levels of pro-angiogenic growth factors. An important 
mediator of this process is hypoxiainducible factor 1 (HIF-1), which is a hetero-
dimer of  and  subunits. HIF-1 is a transcriptional regulator which is induced 
by hypoxia and which activates the transcription on an array of hypoxia-inducible 
genes (Duh, 2008). Activated endothelial cells proliferate and subsequently form 
vascular tubes. These immature vessels undergo further remodelling, with sub-
sequent formation of a new basement membrane as well as recruitment of mural 
cells (pericytes or smooth muscle cells) to form a mature vessel. The recruitment of 
these mural cells is particularly important for the stabilization of the new blood ves-
sels, and plays a critical role in the development of vessel resistance to regression.

More recently, it has become appreciated that in addition to preexisting vascular 
endothelium progenitor cells from the circulation may also play a role in retinal 
neovascularization. When hematopoietic stem cells (HSCs) containing a popula-
tion of endothelial progenitor cells (EPCs) were administered by intravitreal injec-
tion into neonatal mouse eyes, there was stable incorporation of some of these 
cells into the developing retinal vasculature. Therefore, it is possible that EPCs 
may also play an important part in proliferative diabetic retinopathy, which may 
have therapeutic implications.

It has long been known that retinal neovascularization is strongly associated with 
retinal ischemia, based on clinical observations of ischemic retinopathies includ-
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ing diabetic retinopathy. Retinal capillary nonperfusion precedes neovasculariza-
tion in these retinopathies. The degree of capillary nonperfusion correlates with 
the risk of neovascularization in branch retinal vein occlusion. In 1948, Michaelson 
proposed that a diffusible angiogenic �“factor X�” released from areas of hypoxic 
retina, is responsible for neovascularization in diabetic retinopathy, as well as in 
other ischemic retinopathies.

In the 1990s, VEGF emerged as a strong candidate for �“factor X�”, and subsequent 
research has strongly established VEGF as a major stimulator of retinal neovascu-
larization in the ischemic retinopathies, including proliferative retinopathy.

Interest of VEGF�’s role in eye disease arose from early studies of VEGF�’s systemic 
role, including its contribution to tumor angiogenesis. VEGF is a homodimeric 
glycoprotein that is both a vasopermeability and an angiogenesis factor. It was 
initially denoted as vasopermeability factor (VPF) based on its ability to increase 
microvascular permeability. VEGF is mitogenic primarily for vascular endothelium 
cells. The expression of VEGF has been found to be greatly increased in rapidly 
growing, highly vascularized tumors, and inhibition of VEGF with a monoclonal 
antibody inhibited tumor growth in vivo. The characteristics of VEGF suggest that 
it might play a major role in mediating the microvascular complications observed 
in diabetic retinopathy, since they are also characterized by tissue ischemia, ang-
iogenesis, and vascular permeability.

VEGF is produced by many cell types within the eye, including retinal pigment epi-
thelial cells, pericytes, endothelial cells, glial cells, Muller cells, and ganglion cells. 
In the context of diabetic retinopathy, VEGF upregulation was  rst appreciated 
in the proliferative stage. In the mid-1990s, clinical studies demonstrated signi -
cantly increased intraocular concentrations of VEGF in specimens from patients 
with proliferative retinopathies, including diabetic retinopathy. VEGF concentra-
tions were signi cantly elevated in both the vitreous and aqueous of patients with 
active proliferative diabetic retinopathy. In contrast, VEGF concentrations were 
low in a control group of patients with no neovascular disorder, and in diabetic 
patients with no retinopathy, nonproliferative retinopathy, or quiescent proliferative 
retinopathy.

Although upregulation of VEGF in diabetic retinopathy was  rst reported in the 
proliferative phase, it has become increasingly appreciated that VEGF levels may 
be also elevated in nonproliferative diabetic retinopathy. Increased VEGF levels 
have also been demonstrated in the vitreous of patients with nonproliferative dia-
betic retinopathy, particularly in the setting of macular edema.
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VEGF in ocular neovascularization

An extensive series of clinical and preclinical investigations has con rmed that 
VEGF plays a central role in promoting ocular neovascularization. Clinical stud-
ies have demonstrated elevated ocular levels of VEGF in patients with ante-
rior segment neovascularization, retinal vein occlusion, neovascular glaucoma, 
retinopathy of prematurity, and proliferative diabetic retinopathy. In other stud-
ies, increased expression of VEGF was detected within the macula of patients 
with age-related macular degeneration and in choroidal neovascular mem-
branes (Do et al, 2008).

Clinical application of Anti-VEGF drugs

Currently, there are three VEGF inhibitors commonly used in the treatment of pro-
liferative retinopathies and AMD: pegaptanib (Macugen, OSI/Eyetech), bevacizu-
mab (Avastin, Genentech), and ranibizumab (Lucentis, Genentech). While both 
pegaptanib and ranibizumab are approved for AMD in U.S. and many European 
countries, neither of the agents is a yet approved for the treatment of diabetes-
related eye disease (Ip et al, 2008).

Review of available literature to date suggests that anti-VEGF pharmacotherapy, 
delivered by intravitreal injection, is a safe and effective treatment for neovas-
cular AMD, for up to 2 years of follow-up for pegaptanib and for up to 1 year of 
follow-up for ranibizumab. There is level I evidence to support this conclusion 
for pegaptanib and ranibizumab, although the data suggest that vision outcomes 
with ranibizumab are superior to those with pegaptanib, and there is no de nitive 
evidence to suggest a difference in safety between the drugs. There is level II and 
level III evidence that suggests bevacizumab, delivered by intravitreal injection, 
may be a safe and effective treatment for neovascular AMD, but the possibility that 
vision outcomes and safety may be inferior to those for ranibizumab has not been 
ruled out. Bevacizumab was introduced for ophthalmic use after FDA approval of 
pegaptanib and after the start of clinical trials for ranibizumab, and it has the least 
information available on safety and follow-up.

Pegaptanib has the longest follow-up available of the 3 anti-VEGF drugs in cur-
rent use. Follow-up data to date demonstrate that pegaptanib has an acceptable 
safety pro le in terms of ocular and nonocular adverse events. The disadvantage 
of pegaptanib is that, although the drug is effective at slowing the rate of visual 
acuity loss, treatment with pegaptanib is unlikely to result in a signi cant improve-
ment in visual acuity.
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Ranibizumab, like pegaptanib, has been subjected to a randomized clinical trial. 
The ANCHOR and MARINA studies demonstrate that ranibizumab is an effec-
tive treatment for neovascular AMD, although long term safety and ef cacy data 
were lacking when this Ophthalmic Technology Assessment was written. Unlike 
pegaptanib, ranibizumab not only avoids substantial visual acuity loss (15 letters 
or more), but also increases the change for visual acuity gain (15 letters or more) 
in more than 25% of treated patients.

Ranibizumab is a commonly used anti-VEGF agent in the treatment of neovas-
cular AMD because of its ef cacy with respect of visual acuity improvement and 
acceptable safety pro le with level I evidence to date. However vigilance with 
respect to safety must be maintained. In addition, there have been barriers to 
widespread adoption of this therapy. These include the high cost of the drug, the 
inability of some patients to pay for it, and the availability of a lower cost alterna-
tive (bevacizumab) that has not yet been proven to be non-inferior with respect to 
ef cacy and safety.
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Central serous chorioretinopathy

Vasilios Kozobolis, Greece

10

CSC is one of the 10 most common diseases of the posterior segment of the eye and 
a frequent cause of mild to moderate visual impairment. It is a sporadic disorder of 
the outer blood-retinal barrier, characterized by a localized detachment of the senso-
ry retina at the macula, secondary to focal retinal pigment epithelium ( RPE ) defects.
Any disorder that can destabilize this complex balance of forces at the level of the 
RPE will have an effect on retinal and retinal pigment epithelial adhesion. 
The development of an isolated pigment epithelium detachment (PED) is thought 
to originate in the disintegration of the cellular connection between the RPE and 
the collagenous layer of Bruch membrane alone.
Although essential for maintaining the PED during a period of time by restricting 
 uid movement into the subretinal space, the outer blood�–retinal barrier, however, 
may become compromised if the PED persists, and an associated serous retinal 
detachment originating in the area of the initial PED may be the consequence.
It is usually a self-limited disease typically affecting young or middle aged men 
with type A personality.

Defi nition-Staging: ACTIVE CSC is characterized by detachment of the neuro-
sensory retina caused by accumulation of serous  uid between the photoreceptor 
outer segments and the RPE in combination with monofocal or multifocal chang-
es in the RPE. The retinal detachment usually involves the fovea but exceptions 
to this rule can be found. Typical acute CSC is characterized by a duration of 
symptoms and  or retinal detachment of less than 6 months. The diagnosis of 
CHRONIC CSC requires multifocal or diffuse RPE depigmentation combined with 
a serous detachment of the retina. INACTIVE CSC, de ned by the retina being fully 
attached, may be diagnostically challenging, but often a history characteristic of 
acute CSC dating back years or decades can be elicitated.
As with other lesions of the RPE and/or Bruch�’s membrane, subretinal neovascu-
larisation of choroidal origin may appear as a complication of CSC, however the 
risk is low (9,10)

Symptoms: presentation is with unilateral blurred vision associated with a rela-
tive positive scotoma , micropsia, metamorhopsia and occasionally macropsia. 
The dark spot, which is the subjective representation of a relative scotoma in the 
centre of the visual  eld is usually most prominent in the morning immediately 
after awakening. The spot can often be made visible later in the day by blinking. 
In contrast to acute CSC, patients with sequels of CSC or chronic CSC may have 
blurred vision, but rarely (if ever) complain of seeing a dark spot.
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There is also a delay in retinal recovery time after exposure to bright light, loss of 
colour saturation and diminished contrast sensitivity. Occasionaly the condition 
is extrafoveal and asymptomatic.The elevation of the sensory retina gives rise to 
an acquired hypermetropia with disparity between the subjective and objective 
refraction of the eye.

Biomicroscopy: The subretinal  uid in CSC is commonly clear , but granular or 
 brinous deposits may be present in the subretinal space.
Other characteristics include the absence of the normal foveal light re ex and a 
distinct visibility of the yellow foveal xanthophyll. 
Abnormalities of the RPE are present, by de nition, in CSC. When most promi-
nent, these abnormalities are seen as one or more yellow spots or a small pigment 
epithelial detachment. The RPE detachment can occasionally be seen to be rup-
tured, the rupture being the site of profuse angiographic leakage. Unlike degen-
erative conditions such as retinitis pigmentosa, geographic RPE atrophy does not 
occur in CSC, whereas hypopigmented RPE is a frequent  nding, characterized 
biomicroscopically by translucency without transparency. The subretinal material 
may disappear but it often leaves an imprint of permanent RPE hypopigmentation.
Fluoroscein angiography : shows one of the following patterns:

�• Smoke-stack appearance is the most common
�• Ink-blot appearance is less common

ICG: early phase shows dilated choroidal vessels at the posterior pole. The mid 
stages show multiple areas of hyper uorescence due to choroidal hyperperme-
ability.

OCT: it can demonstrate shallow serous detachments that are dif cult to diagnose 
using slit-lamp biomicroscopy (8). It shows an elevation of full-thickness sensory 
retinal layer from the highly re ective RPE layer ,separated by an optically empty 
zone. OCT is also useful in determining whether reattachment has occurred after 
treatment.

VISUAL PROGNOSIS: Acute CSC that resolves spontaneously or following treat-
ment has a good long-term prognosis for visual function. Chronic CSC frequently 
results in considerable irreversible visual acuity loss, despite some functional im-
provement early after reapposition of the retina and a subsequent phase of slow 
visual recovery. Recurrences develop in one third to half of cases after the  rst 
acute episode,10% having three or more recurrences. About half of the patients 
experience recurrence within 1 year of the primary episode. These episodes tend to 
reduce  nal visual acuity, stereopsis, colour vision and central visual  eld function.
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EXTRAOCULAR CONDITIONS THAT MAY INDUCE/AGGRAVATE CSC

�• emotional stress, patients generally in good health and perfectly sane deal-
ing with personal problems ( type A personality )

�• administration of steroids (orally or by inhalation).
�• pregnancy, most often present in the third trimester and resolves within 1-2 

months of delivery                                                                                                                      
�• CSC has been described in relation to a large number of other systemic 

conditions, the majority of which are associated with glucocorticoid treat-
ment of conditions such as systemic lupus erythematosus and in relation to 
endogenous hypercortisolism

�• organ transplantation
�• untreated hypertension
�• An elevated prevalence of Helicobacter pylori infection in patients with CSC 

has been described compared to the background population

DIFFERENTIAL DIAGNOSIS OF SENSORY MACULAR DETACHMENT

�• congenital optic disc anomalies
�• choroidal tumours
�• unilateral acute idiopathic maculopathy
�• CNV
�• Harada disease

TREATMENT

The high spontaneous remission rate favours conservative management, lifestyle 
counselling and discontinuation of glucocorticoid medication as  rst-line thera-
peutic options. If detachment persists for more than 3 months, photocoagulation 
or photodynamic therapy should be considered.
Acetazolamide: Systemic acetazolamide treatment promotes the resorption of 
subretinal  uid, however there is no evidence that treatment promotes healing 
of the RPE lesion, long-term preservation of visual function, or a reduced rate of 
recurrence.
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Proliferative diabetic retinopathy
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12

Proliferative diabetic retinopathy (PDR) is characterized by neovascularization 
(NV), new blood vessels that arise from the retinal and optic disc vessels and pro-
liferate along the retinal surface or into the vitreous. Roughly 50% of patients with 
very severe nonproliferative diabetic retinopathy (NPDR) progress to PDR within 
1 year. With suf cient capillary dropout there is ischemia of the inner retina and 
release of VEGF. VEGF is the triggering factor of the development of retinal NV. 
Other growth factors may also be involved in angiogenesis.

When proliferative vessels arise at or within 1 disc diameter of the optic disc they 
are referred to as NV of the disc (NVD), while, when they arise further than one disc 
diameter away, they are called NV elsewhere (NVE). Unlike normal or collateral ret-
inal vessels, neovascular vessels result in leakage of  uorescein into the vitreous.  

Neovascular vessels are often adherent to the posterior hyaloid. Vitreous and 
preretinal hemorrhages will occur as a patient undergoes a vitreoretinal separa-
tion pulling on the friable NV. The new vessels, initially naked, usually progress 
through a stage of further proliferation with connective tissue formation. As PDR 
progresses, the new vessels will undergo proliferation, more prominent  brosis, 
and contraction. This process generally pulls on the neovascular-posterior hyaloid 
complex producing vitreo-retinal traction which can create tractional and/or rheg-
matogenous retinal detachments (RD).

CLINICAL TRIALS & INDICATIONS FOR RETINAL PHOTOCOAGULATION 
TREATMENT

The Diabetic Retinopathy Study (DRS) was a multicentric, randomized, prospec-
tive study designed to determine whether panretinal laser photocoagulation treat-
ment (PRP) in patients with PDR prevented severe visual loss (visual acuity < 
5/200). According to its results, patients are considered to have high-risk PDR if 
they present three or four of the risk factors listed in Table 1. Once patient has 
high-risk PDR, there is 25% risk that severe visual loss will develop within 2 years 
and a 45% risk in 3 years. Further, DRS demonstrated that the risk of severe 
visual loss is reduced by approximately 50% following PRP in eyes with high-
risk PDR.  
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Table 1. DRS – PDR RISK FACTORS

1. PRESENCE of NV

2. LOCATION of NV on or within one disc diameter of the optic disc (NVD) 

3. SEVERITY of NV (  1/3 disc diameters if NVD or  1/2 disc diameters if NVE)

4. Vitreous or preretinal HEMORRHAGE

For eyes with NPDR or PDR without high-risk characteristics the DRS recom-
mended regular follow-up and prompt PRP if high risk characteristics develop. To 
asses the potential bene t of earlier PRP, the Early Treatment Diabetic Retinopathy 
Study (ETDRS) was designed. The results of the study led to a revised recom-
mendation, lowering the threshold for PRP, in older patients with type II diabetes 
to very severe NPDR (Table 2) or early PDR without high risk characteristics. In 
younger patients with type I diabetes, the ETDRS recommendation is that PRP be 
deferred until DRS high-risk develop. 

Table 2. Staging NPDR in SEVERE and VERY SEVERE according to ETDRS.

STAGE Clinical  fi ndings

SEVERE At least ONE of the 3 following fi ndings (known as «4-2-1 rule» )
�• Dot/blot hemorrhages and/or microaneurysms in all FOUR 

quadrants
�• Venous beading in at least TWO quadrants
�• Intraretinal microvascular abnormalities (IRMAs) in at least 

ONE quadrant

VERY SEVERE At least TWO of the 3 fi ndings of the «4-2-1 rule»

PANRETINAL PHOTOCOAGULATION

The currently recommended PRP treatment is a total of 1200 to 2000 burns 500 m 
in diameter through a Goldmann lens or the same number of 200 m burns if deliv-
ered through Mainster or Volk quadraspheric or PRP superquad 160 lenses. Burns 
would be placed about one burn width apart. The burns should be intense enough 
to whiten the overlying retina, which usually requires a power of 200-600mW and 
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duration of 0.1-0.2s. Most ophthalmologists use the argon blue-green or green 
laser, but a large clinical trial has shown that krypton red or dye yellow are equally 
effective. The treatment is usually divided over two to four sessions separated by 
1-2 weeks. 

The number of the burns necessary to achieve a good result has not been estab-
lished. Some retina specialists feel that there is no upper limit to the total number 
of burns and that treatment should be continued until regression occurs. Topi-
cal anesthesia is usually adequate, although retrobulbar or peribulbar anesthesia 
may be needed, especially for re-treatments, or for treatments with longer wave-
lengths, or for indirect ophthalmoscope delivery.  

Intraoperative and postoperative complications of PRP treatment include the following: 
1. Macular edema: Especially after a heavy treatment session or in eyes with 

perifoveal capillary non-perfusion. Recovery may occur within weeks, but 
sometimes visual loss may be permanent. In consequence, it is recom-
mended that macular edema, if present, be treated at least two weeks be-
fore PRP is initiated. 

2. Peripheral visual loss and decreased dark adaptation: Especially after 
heavy con uent burns.

3. Choroidal detachment, exudative RD, choirodal hemorrhage, retinal 
tears and rhegmatogenous RD, as well as progression of tractional RD. 
(especially after extensive treatment). 

4. Vitreous hemorrhage as a result of rupture of NV during treatment.
5. Accidental foveal burn.  
6. Choroidal neovascularization (even from peripheral burns).   
7. Mydriasis and paresis of accommodation.

CURRENT INDICATIONS OF VITRECTOMY IN PATIENTS WITH PDR

Presently vitrectomy is used in patients with PDR for three basic purposes: 
(1) removal of media opacities to allow PRP, 
(2) Repair of complicated RDs, or 
(3) treatment of severe NV nonrensponsive to PRP (Table 3).  
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Table 3. INDICATIONS OF VITRECTOMY IN DR

1. CLEARING MEDIA OPACITIES: 
a. Persistent vitreous hemorrhage (1 month in type I and 3-6 months 
    in type II diabetics)
b. Dense premacular subhyaloid hemorrhage
c. Dense asteroid hyalosis that does not allow visualization of the fundus

2. COMPLICATED RDs: 
a. Traction RD involving or threatening macula
b. Combined traction & rhegmatogenous RD
c. Severe equatorial fi brovascular proliferation

3. UNCONTROLLED PDR IN SPITE OF FULL PRP

4. CHRONIC MACULAR EDEMA with taut attached posterior vitreous and/or 
preretinal  brosis

5. GHOST CELL GLAUCOMA
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Pathophysiology of Central Retinal Vein Occlusion 
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13

Introduction

Retinal Vein Occlusion (RVO) is the second in incidence form of retinal vascular 
disease causing vision loss. 1 Branch RVO (BRVO) may result from compression 
of a branch retinal vein by an adjacent retinal artery, typically at a common abnor-
mal arteriovenous crossing point. Central RVO (CRVO) typically arises when the 
central retinal vein is occluded posterior to or within the lamina cribrosa. 1,2 Retinal 
hemorrhage and macula edema (ME) may complicate either form of RVO, result-
ing in partial or complete vision loss. Neovascularization of the iris (INV), anterior 
chamber angle (ANV), and retina (neovascularization on the disc or elsewhere �– 
NVD or NVE respectively) in CRVO and BRVO may be a further complication.1, 2 

CRVO and BRVO differ with respect to age of onset, pathophysiology, underly-
ing systemic associations, clinical evaluation and therapy. CRVO can be divided 
further into ischemic and non-ischemic entities. This distinction among types of 
CRVO, although somewhat arbitrary, is important because most of patients with 
the ischemic variety develop INV and  nally conclude to neovascular glaucoma. 3

Risk factors and Systemic associations (Table 1)

CRVO most commonly occurs in individuals over 50 years old. 3 Concurrent sys-
temic vascular diseases are risk factors for CRVO. Diabetes mellitus (DM), system-
ic arterial hypertension (SAH), carotid insuf ciency, dyslipidemia, renal dysfunc-
tion and atherosclerotic cardiovascular disease are the most frequently associated 
underlying medical diseases, although their direct relationship to pathogenesis 
remains speculative. 4,5 The Eye Disease Case-Control Study found an increased 
risk of any type of CRVO in those with SAH and DM. 6 Persons with nonperfused 
CRVO had a greater risk compared to persons with perfused one, implicating 
systolic and diastolic hypertension as a risk factor. According to large popula-
tion studies DM was more prevalent in individuals with nonperfused CRVO than 
controls. 4,5,7 An increased risk in cardiovascular disease is present in persons 
with CRVO, although in population-based studies mortality rates were not found 
increased too.7

Hematological abnormalities, particularly conditions that predispose to a hyper-
coagulable state, have been identi ed in persons with CRVO. Individuals less than 
60 years old may have a greater association with systemic hypercoagulable states 
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Table 1: Systemic associations and Risk factors for CRVO

Systemic 
vascular 
diseases

Hematological 
alrterations

Infl ammatory

/autoimmune 
vasculitis

Infectious 
vasculitis

Ocular 
diseases

Medications Other

Diabetes 
Mellitus

Dysproteinemias 

(multiple 
myeloma,
cryoglobulinemia)

Systemic
Lupus 
Erythematosus

HIV Open Angle 
Glaucoma

Oral Contra-
ceptives

After 
retrobulbar 
block

Systemic 
Arterial 
Hypertension

Blood Dyscrasias

(polycythemia 
vera, lymphoma, 
leukaemia, sickle 
cell disease)

Syphilis Acute Angle-
closure 
Glaucoma

Diuretics Dehydration

Carotid 
Insuf ciency

Elevated plasma 
Homocysteine

Herpes 
Zoster

Ischemic
Optic 
Neuropathy 

Hepatitis B 
vaccine

Pregnancy

Atherosclerotic 
Cardiovascular 
Disease

Factor XII 
De ciency

Sarcoidosis Pseudotumor
Cerebri

Antiphospholipid

Antibody 
Syndrome

Tilted Optic 
Nerve Heads

Activated 
protein C 
resistance

Optic Nerve 
Head Drusen

Protein C 
De ciency

Optic Disc 
Traction 
Syndrome

Factor V Leiden Thyroid 
Ophthalmo-
pathy

Abnormal 
Fibrinogen levels

Orbital Fracture

Low serum Folate 
levels

Protein S 
De ciency

Anemia
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and in ammatory conditions, compared to older persons with higher incidence 
of systemic vascular disease risk factors. 3,4 Viscosity is mainly dependent on the 
hemotocrit (the greater the number the of erythrocytes, the larger they aggregate) 
and plasma  brinogen (required for aggregation to occur). 8 Hyperviscosity syn-
dromes include blood dyscrasias such as polycythemia vera, lymphoma, leukae-
mia, sickle cell disease or trait and paraproteinemias or dysproteinemias which in 
turn include multiple myeloma and cryoglobulinemia. 8

Studies have demonstrated an increased incidence of coagulation cascade ab-
normalities, including protein C de ciency, protein S de ciency, activated protein 
C resistance (APC resistance), presence of factor V Leiden, presence of antiphos-
pholipid antibodies (APA), and abnormal  brinogen levels. 3 The coagulation cas-
cade results in the production of thrombin, which converts circulating  brinogen 
to  brin. The coagulation sequence is held in check and inhibited by speci c anti-
coagulants including protein C, protein S, and antithrombin III. 8 Protein C is serine 
proteinase whose activated form is a potent inhibitor of coagulation factors V and 
VIII. 9 Factors V and VIII are a part of the coagulation cascade leading conversion 
of  brinogen to  brin. Protein S and phospholipids are co-factors in the inactiva-
tion of factors V and VIII by activated protein C. 9 An absolute de ciency of protein 
C or S is relative rare. 8

APC resistance was subsequently shown to be a risk factor for venous thrombo-
sis. 10 More than 90% of patients with APC resistance have been shown to have 
a single point mutation in factor V gene. 10 This mutation hinders the degradation 
of factor V normally occurring through protein C. 8,10 APA consists of a heter-
ogenous group of immunoglobulins, mainly anticardiolipins antibodies (ACA) and 
lupus anticoagulants (LA). Circulating APA leads to a hypercoagulable state and 
recurrent thrombosis through thrombocyte activation and inhibition of the natural 
anticoagulant pathways by binding of membrane phospholipids. 8

An elevated level of the amino acid, homocysteine is generally accepted to be 
a risk factor for systemic vascular disease. 11 Homocysteine appears to have 
a deleterious effect on vascular endothelium and may induce increased plate-
let aggregation and thrombosis. Levels of homocysteine may be increased by 
dietary habits, prescription medicines, or enzymatic mutations affecting homo-
cysteine metabolism. 12 Scientists investigated the prevalence of genetic muta-
tion in the enzyme methylentetrahydrofolate reductase (MTHFR) whose impaired 
activity may lead to hyperhomocysteinemia. 13 The prevalence of this mutation 
was signi cant higher in patients with RVO compared with incidence of MTHFR 
in a control population. In published studies, an association with elevated plasma 
homocysteine and low serum folate levels, but not serum vitamin B12 and the 



Page 80 - EUPO Course 2010

thermolabile MTHFR genotype, was observed in eyes with RVO. Anemia, factor XII 
de ciency and dehydration have also been reported with CRVO. 14

Other risk factors responsible for CRVO are vasculitis of syphilis and sarcoido-
sis and an autoimmune disease such as systemic lupus erythematosus (SLE). 14 
Oral contraceptive use in women may be associated with both thromboembolic 
disease and CRVO. Complete normal medical and laboratory evaluation results 
are found in about one fourth of patients. 15 A signi cant inverse association with 
CRVO, representing decreasing risk, occurs with alcohol consumption, education, 
physical activity, and, in women with exogenous estrogen use.3

Open angle glaucoma is a relatively common  nding in patients who have CRVO. 
Patients with a history of glaucoma are about  ve times more likely to have CRVO 
than those who do not, because of structural alterations of the lamina cribrosa 
induced by the elevated intraocular pressure. Acute angle-closure glaucoma may 
also precipitate in CRVO. 3

Other ocular conditions causing mechanical pressure on the optic nerve head and 
lamina cribrosa, including ischemic optic neuropathy, tilted optic nerve head, op-
tic nerve head drusen, optic disc traction syndrome and pseudotumor cerebri, 16 

have also been associated with CRVO. External compression of the eye-globe and 
optic nerve from thyroid-related ophthalmopathy or mass lesion and head trauma 
with orbital fracture might also result in CRVO. 7,14

Pathogenesis 

The pathogenesis of CRVO is multifactor. The precise pathogenesis of CRVO re-
mains obscure. The clinical picture of CRVO may be explained by the occlusion of 
the main trunk of the central retinal vein, although the pathophysiology of CRVO 
is yet not clearly understood. Histopathologic studies of eyes with CRVO dem-
onstrated a thrombus in the central retinal vein occluding its lumen of the central 
retinal vein at, or just proximal (posterior) to, the lamina cribrosa. 17 This  nding 
suggests that the anatomic variations at the level of the lamina cribrosa may be re-
sponsible for the development of a CRVO. Similar histopathologic studies in eyes 
with CRVO revealed the formation of a fresh or recanalized thrombus at or just 
posterior to the lamina cribrosa. Within the thrombi, a mild lymphocytic in ltration 
with prominent endothelial cells was found. Loss of inner retinal layers consist-
ent with inner retinal ischemia was also a common  nding. 17 Histopathological 
studies showed that in acute CRVO cases, a thrombus at the level of the lamina 
cribrosa was adherent to a portion of the vein wall devoid of an endothelial lining. 
Subsequently, there was observed endothelial cell proliferation within the vein and 
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secondary in ammatory cell in ltrates. Finally, recanalization of the thrombus was 
demonstrated 1-5 years after the occlusion. 7,17

Thrombosis of the central retinal vein is an end-stage phenomenon according to 
an alternative theory and is induced by a variety of primary lesions, such as com-
pressive or in ammatory optic nerve or orbital problems, structural abnormalities 
in the lamina cribrosa, or hemodynamic changes. 3

Arteriosclerosis of the neighbouring central retinal artery, which is associated with 
the above-mentioned systemic disorders, causes turbulent venous  ow and then 
venous endothelial and intima media damage and it is often implicated in CRVO 
too. 3 Within the retrolaminar portion of the optic nerve, the central retinal artery 
and vein are aligned parallel to each other in a common tissue sheath. The central 
retinal artery and vein are naturally compressed as they cross through the rigid 
and sieve-like openings in the lamina cribrosa, but typically give off branching 
collateral vessels just before piercing the lamina. These vessels may be subject to 
compression from mechanical stretching of the lamina due to increases in intraoc-
ular pressure, causing a posterior shift or bowing of the lamina with subsequent 
impingement on the central retinal vein. 7 Furthermore, local factors can predis-
pose to CRVO, including compression by an atherosclerotic central retinal artery 
or primary occlusion of the central retinal vein from in ammation.    

Glaucoma has been also associated with CRVO. It has been hypothesized that 
glaucoma causes stretching and compression of the lamina cribrosa, which results 
in vessels abnormalities, increased resistance to  ow and, ultimately, thrombosis. 17 

Alterations in blood  ow, hyperviscosity, and vessel wall abnormalities may also 
produce CRVO by enabling a thrombus of the central retinal vein to form. 3 En-
dothelial cell proliferation has been also suggested and implicated in CRVO. Reti-
nal venous circulation represents a relatively high-resistance, low- ow system 
and therefore it is particularly sensitive to hematological factors. 3 Hemodynamic 
alterations may produce stagnant blood  ow and subsequent thrombus forma-
tion in the central retinal vein, including diminished blood  ow, increased blood 
viscosity, and an altered lumen wall (also known as Virchow�’s triad). 7 Studies 
indicate that an elevated hematocrit level, elevated homocysteine level, elevated 
 brinogen level, increased blood viscosity, the presence of a lupus anticoagulant 
or another antiphospholipid antibody, and a de ciency in activated protein C along 
with an elevated erythrocyte sedimentation rate and antithrombin III levels may 
be associated with retinal venous disease. Whether these hematological factors 
alone can initiate a CRVO or whether their role is to function as co-factors remains 
unknown. 18, 19
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Concurrent retinal artery insuf ciency or occlusion may play role in an ischemic 
CRVO. Experimentally, occlusion of both the retrolaminar central retinal artery and 
central retinal vein, posterior to the lamina cribrosa and before collateral vessels 
branch from the main trunk, was required to produce the clinical appearance of 
ischemic CRVO. 20 Non-ischemic CVO is hypothesized, to be due to occlusion of the 
central retinal vein proximal to the branching of the collateral vessels, providing alter-
native routes venous blood  ow into the central retinal vein within the optic nerve. 20 

The development of macular edema (ME) followed by CRVO is based on the break-
down of blood-retinal barrier (BRB) and secretion into the vitreous of vasoperme-
ability factors produced in the retina. Vascular occlusion induces the expression 
of vascular endothelial growth factor (VEGF) and interleukin-6 (IL-6), resulting in 
BRB breakdown and increased vascular permeability. 21 ME is closely associated 
with retinal hypoxia, and the degree of hypoxia in macula center corresponds to 
the decrease in visual acuity (VA). 8

INV and ANV are modulated by growth factors released from the ischemic retina and 
such appropriate inner retinal ischemic lesions have been found. VEGF has been im-
plicated to participate in the development of neovascular complications from CRVO. 
In a study with enucleated eyes suffering from CRVO and neovascular glaucoma, in-
traretinal VEGF production from areas of ischemic retina was already demonstrated. 
VEGF aqueous levels increase prior to the development of INV and increase with the 
regression of INV after panretinal laser photocoagulation (PRP). 22,23

Clinical evaluation (Table 2)

General medical evaluation, which includes both medical history and physical ex-
amination including blood pressure evaluation, may be performed. 3 An ocular 
history will determine the onset of the retinal occlusion, although individuals may 
not have noted the vision loss if the fellow eye has maintained good visual acu-
ity. 7 A history of systemic diseases, such as SAH, DM, and heart disease, and a 
personal or family history of thrombosis or hypercoagulable state should be also 
determined. 7

Complete ophthalmic examination should be performed on both eyes and should 
include visual acuity, papillary reaction, and intraocular pressure. Undilated slit 
lamp examination is performed to detect INV and/or ANV. 7 Abnormal iris stromal 
vessels may be confused for INV. However, comparison with the fellow eye may 
help to differentiate abnormal iris vessels. Undilated gonioscopy examination is 
essential to determine the presence of ANV or the evidence of angle closure from 
peripheral anterior synechiae, as ANV may be present even if INV did not coexist. 24 



EUPO Course 2010 - Page 83

Ophthalmoscopic examination and  uorescein angiography will help to differenti-
ate CRVO from other retinal occlusive diseases. 7 

Table 2: Medical and Ophthalmic work-up for CRVO

1 Complete medical history �– Ocular history

2 Physical examination �– (blood pressure evaluation)

3 Complete ophthalmic examination

4 Gonioscopy

5 Ophthalmoscopic examination �– Fluorescein angiography

6 Complete blood count

7 Prothrombin time

8 Partial thromboplastin time

9 Erythrocyte sedimentation rate

10 Glucose tolerance test

11 Lipid pro le

12 Serum protein electrophoresis

13 Chemistry pro le

14 Syphilis serology

15 Antiphospholipids antibodies �– Antinuclear antibodies

16 Protein C, Protein S and Homocysteine plasma level

A systemic work-up is indicated in persons younger than 60 years old because 
these patients are more likely to have predisposing conditions resulting in CRVO, 
while it is not indicated in those older than 60 years with known systemic risk fac-
tors. A limited systemic work up may be considered in those with a prior occlusion 
in the fellow eye, prior systemic thrombotic disease, family thrombosis history, 
or other symptoms suggestive of a hematologic or rheumatologic condition. 7, 25

Laboratory evaluation may include a complete blood count, prothrombin time, 
partial thromboplastin time, erythrocyte sedimentation rate, glucose tolerance 
test, lipid pro le, serum protein electrophoresis, chemistry pro le, and syphilis 
serology. Additional testing, based on the above  ndings, may be necessary. 3 If 
a history of a systemic clotting diathesis also exists, further hematological tests 
such as antiphospholipid antibodies (lupus anticoagulant level and anticardiolipin 
antibody), other antinuclear antibodies level, protein S and protein C levels and 
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fasting plasma homocysteine levels should be considered. 3 An elevated plasma 
homocysteine level may uncover a suitable etiology of CRVO, which may also 
in uence cardiovascular health. 26 Individuals with bilateral, simultaneous CRVO 
should have a detailed evaluation for a hypercoagulable condition, as these per-
sons may be at a greater future risk for non-ocular thrombotic complications. 7        

Ocular manifestations 

Ischemic and non-ischemic CRVO, have similar clinical  ndings, that are dilated 
tortuous retinal veins and retinal hemorrhages in all four quadrants. The distinc-
tion between the two types of CRVO is based on the area of nonperfusion on 
 uorescein angiography and is very important, because it assists the prediction 
of the future risk of ocular neovascularization, identi cation of patients with poor 
visual prognosis, determination of the likelihood of spontaneous visual improve-
ment, and decision on the follow-up intervals. 3 Most investigators believe that 
both types of CRVO represent varying severity of the same underlying disease 
continuum, while others suggest that these are two distinct clinical entities with 
different pathogenesis. The ischemic variety is associated with concurrent, severe 
retinal arterial disease, while non-ischemic entity results from a thrombosis lo-
cated behind the lamina cribrosa. 3    

Another variety is hemi-vein occlusion, a distinct clinical entity presenting as oc-
clusion of only one trunk of the central retinal vein in the area of the anterior part 
of the optic nerve. Its pathogenesis is closely related to CRVO. 8 Some mild CRVO 
in patients younger than 50 years are classi ed as papillophlebitis or optic disc 
vasculitis, which both suggest a benign course. An in ammatory optic neuritis or 
vasculitis is hypothesized to be the causative agent. 3

Conclusions

CRVO typically arises when the central retinal vein is occluded posterior to or 
within the lamina cribrosa. 1,2 The pathogenesis of CRVO is multifactor, although 
its precise pathogenesis remains obscure. CRVO may be explained by the occlu-
sion of the main trunk of the central retinal vein by a thrombus in the central retinal 
vein occluding its lumen at, or just posterior to, the lamina cribrosa. 17 Anatomic 
variations at the level of the lamina cribrosa may be responsible for the forma-
tion of retinal thrombus. Arteriosclerosis of the neighbouring central retinal artery, 
which is associated with several systemic disorders such as DM, SAH, carotid 
insuf ciency, dyslipidemia, renal dysfunction and atherosclerotic cardiovascular 
disease, causes turbulent venous  ow and venous endothelial damage and is of-
ten implicated too. 3 Hemodynamic alterations may produce stagnant blood  ow 
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and subsequent thrombus formation in the central retinal vein, including dimin-
ished blood  ow, increased blood viscosity, and an altered lumen wall (Virchow�’s 
triad). 7 Elevated hematocrit, homocysteine and  brinogen level, increased blood 
viscosity, the presence of a lupus anticoagulant or another antiphospholipid an-
tibody, presence of factor V Leiden, and de ciency in activated protein C along 
with an elevated erythrocyte sedimentation rate and antithrombin III levels may be 
associated with retinal venous disease, although whether they possess a direct 
role or if they act as co-factors remains speculative. 18, 19
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Current treatment of CRVO

Francesco Bandello, Italy

14

Central retinal vein occlusion (CRVO) is an important cause of visual acuity loss in 
elderly population. Even though CRVO is a well-known retinal vascular disorder, its 
pathogenesis and management remains still controversial.

The Central Vein Occlusion Study has demonstrated that panretinal photocoagu-
lation is effective in determining the regression of ocular neovascularisations sec-
ondary to ischemic CRVO, but it is not helpful for the treatment of macular edema. 
More recently, the SCORE Study has shown that the intravitreal injection of triam-
cinolone acetonide is superior to observation for treating vision loss associated 
with macular edema secondary to CRVO, and that  the 1-mg dose has a safety 
pro le superior to that of the 4-mg dose. Interesting results have been provided 
also by the Posurdex Study, which has indicated that intravitreal injection of de-
samethasone is bene cial in reducing macular edema on OCT, and in improving 
visual acuity.

Onother approach is based on the intravitreal administration of anti-VEGF drugs. 
Several case series have recently demonstrated good functional results through 
the repeated injections of both ranibizumab, and bevacizumab.

We can be now sure that we will be able to face the complications related to CRVO 
with greater hope in the near future.

Francesco Bandello
Department Ophthalmology
University Vita-Salute
Scienti c Institute San Raffaele, Milano, Italy
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Retinopathy of prematurity

Georgia Chrousous, Greece

15

Retinopathy of prematurity (ROP) is a disease that occurs in premature infants and 
affects the blood vessels of the developing retina. In term infants, the retina is fully 
developed and ROP can not occur.

ROP is mild and undergoes spontaneous regression with no visual sequelae in 
the majority of affected infants. However, it may progress to advanced ROP which 
can lead to severe visual impairment and even complete blindness due to retinal 
detachment. Recent advances in neonatology have increased the survival rate of 
very low birth weight infants which has led to an increased incidence of ROP.

1. INCIDENCE

Prospective studies have provided new information regarding the current inci-
dence of ROP.
In the Multicenter Trial of Cryotherapy for Retinopathy of Prematurity (CRYO �– 
ROP) which included infants with birth weights less than 1251g, overall 65,8% of 
the infants developed some degree of ROP: 81.6% of infants with birth weight less 
than 1000g and 90% of infants weighing below 750g.
In the CRYO �–ROP study severe ROP occurred in 6% of infants weighing less 
than 1251g and if untreated 48% developed retinal detachment or other adverse 
structural outcomes not compatible with useful vision.

2. PATHOGENESIS 

In infants, retinal vascular development begins at 16 weeks gestation with mesen-
chyme, the blood vessel precursor, growing from the disc to reach the ora serrata 
nasally at 8 months and temporally shortly after birth.
We now know that this growth of immature retinal vessels into the peripheral avas-
cular retina is stimulated by vascular endothelial growth factor (VEGF). The amount 
of oxygen in the retinal tissue determines the amount of VEGF production. High 
tissue oxygen levels down - regulate VEGF production and stop vessel growth. If 
the infant�’s immature retina is exposed to high levels of supplementary oxygen, 
which the infant needs to survive, the resulting VEGF cessation will cause vaso-
constriction, arrest of new vessel growth and eventually vaso-obliteration. This 
is phase I of ROP (hyperoxia-vasocessation). Over time, usually several weeks, 
the vessel loss that occurs in phase I along with systemic factors and increasing 
retinal metabolic demands cause a shift to a relative retina hypoxia. The hypoxia 
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stimulates the release of VEGF and other angiogenic factors leading to neovascu-
larization. This is phase II ROP (hypoxia �– neovascularization).

If the area of avascular retina is relatively small, physiologic VEGF levels are pro-
duced and normal vascularization of the avascular retina takes place. However, if 
the avascular retina is large, the levels of VEGF produced are also large,  leading to 
neovascularization with arterial venous shunts at the border between the vascular-
ized and avascular retina.
In addition to VEGF, other factors, some of them non oxygen-regulated such as 
insulin �– like growth factor 1 (IGF -1) play important roles in the development of 
ROP.

3. ROP CLASSIFICATION

In 1984 a precise international classi cation was introduced.

This classi cation not only de nes each stage of the disease but also takes under 
consideration its location and extent.

LOCATION

Zone I. The innermost inner zone extends from the optic disc to twice the disc- 
macula distance in all directions from the disc.

Zone II. Extends from the outer border of Zone I to the ora serrata nasally and to 
approximately the equator on the temporal side.

Zone III. Residual crescent anterior to Zone II.

STAGING THE DISEASE

Stage 1: Demarcation Line.
This is a  ne thin line which demarcates the vascular from the avascular areas. 
This line, which is usually white, has no height and no thickness. There is recogniz-
able abnormal branching or arcading of vessels leading up to it. 

Stage 2: Neovascular Ridge
The line of stage I now has height and width and is called neovascular ridge. Its 
colour may change from white to pink and the new vessels seen posterior to it may 
appear more branched.
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Stage 3: Ridge with Extraretinal Fibrovascular Proliferation
This  brovascular tissue which runs with the posterior aspect of the ridge, can 
contract and cause retinal detachment.

Stage 4: Subtotal Retinal Detachment.
The retina is pulled anteriorly into the vitreous by the  brovascular ridge.

Stage 4A: the fovea is not involved.

Stage 4B: the fovea is involved.

Stage 5: Total retinal detachment. 

Plus Disease is de ned as arteriolar tortuosity and  venous engorgement of the 
posterior pole. The presence of a «plus disease» is an ominous sigh.

4. TREATMENT

The majority of infants with ROP do not need treatment.
The CRYO �– ROP study has shown that only 6% of infants with a birth weight less 
than 1251 g will be at risk of developing retinal detachment or other unfavorable 
outcomes.
The CRYO �– ROP study also demonstrated the ef cacy of peripheral retinal cryo-
therapy in reducing unfavorable outcomes in those at risk infants. Theories regard-
ing the mechanism of action of cryotherapy have included the belief that ablation 
of ischemic retina reduces the formation of VEGF and other vasoformative sub-
stances and therefore the stimulus to neovasculavization.
In the CRYO �– ROP study the unfavorable structural outcomes were reduced from 
48% in the untreated group to 27% in the treated group.
Subsequently laser photocoagulation has largely replaced cryotherapy as a treat-
ment of choice for ROP. Laser has been shown in studies to be equally or more 
effective than cryotherapy, less in ammatory, easier to apply to posterior disease, 
and perhaps less likely to cause long term problems.
Most recently the Early Treatment for Retinopathy of Prematurity Randomized Trial 
rede ned the indications for treatment of severe ROP.
Peripheral retinal ablation is now considered for any eye with:

�• Zone I, any stage ROP with «plus disease».
�• Zone I, stage 3 ROP with or without «plus disease».
�• Zone II, stage 2 or 3 ROP with «plus disease». 
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Macular edema

Wojciech Lubinski, Poland

16

Purpose: To present on the basis of recent literature current knowledge concern-
ing to the  pathogenesis and treatment of macular edema

Defi nition: Macular edema is an abnormal thickening of the macula associated with 
the accumulation of excess  uid in the extracellular space of the neurosensory retina. 

I. Macular edema- pathophysiologic mechanisms  
1. Increased vascular permeability

 - In ammatory and vasopermeability factors
 - Leukocyte stasis
 - Loss of endothelial cells and pericytes
 - Congenital vascular incompetence ( Coats disease)

2. Increased blood  ow
 - Increased intraluminal pressure
 - Vasodilatation
 - Increased blood volume

3. Dysfunction of RPE barrier /pump
4. Tractional stress

 - Anteroposterior vitreous traction (perifoveal vitreous detachment)
 - Epiretinal membrane

5. Drug reactions
6. Intraretinal  uid migration from optic nerve head abnormalities

II. Macular edema �– causes
1. In ammatory disorders

 - Intraocular surgery ( Irvine-Gass syndrome)
 - Laser procedures
 - Uveitic syndromes

2. Retinal vascular disease
 - Diabetic retinopathy
 - Radiation retinopathy
 - Retinal vein occlusion
 - Hypertensive retinopathy
 - Retinal arterial microaneurysm
 - Macular teleangiectasis (type 1)
 - Coats disease
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 - Idiopathic retinal vascultis, aneurysms, neuroretinitis(IRVAN)
3. Choroidal vascular disease

 - Choroidal neovascularisation
4. Drug reactions

 - Prostaglandin analogs
 - Epinephrine
 - Nicotinic acid
 - Docetaxel, paclitaxel
 - Tamoxifen
 - Thiazolidinediones( glitazones)

5. Inherited retinal dystrophies
 - Retinitis pigmentosa
 - Autosomal dominant cystoid macular edema

6. Tractional maculopathies 
 - Vitreomacular traction syndrome
 - Epiretinal membrane
 - Myopic traction maculopathy

7. Retinal detachment
 - Exudative
 - Rhegmatogenous

8. Intraocular tumors
 - Choroidal cavernous hemangioma
 - Retinal capillary angioma 
 - Choroidal melanoma

9. Optic nerve head abnormalities
 - Cavitary disc anomalies (pit ,coloboma)
 - Diabetic papillopathy
 - Hypertensive papillopathy
 - Neuroretinitis

10. Idiopathic

III. Macular edema �– treatment
1. In amatory disorders

 - Intraocular surgery- in eyes with high risk of developing CME (diabetic 
retinopathy, uveitis)- consider intravitrteal triamcinolone injection at 
the time of surgery

 - laser procedures- the development of new or worsened macular edema 
�– complication of panretinal photocoagulation(PRP) in diabetic retin-
opathy- focal laser photocoagulation prior to or concurrent with PRP, 
dividing of PRP into multiple sessions, consider intravitreal injection of 
an anti �– VEGF agent or triamcinolone before or at the time of PRP
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 - pseudophakic and aphakic CME- �– topical corticosteroid and nons-
teroidal anti-in ammatory agents; uveitic CME- corticosteroid posteri-
or sub-Tenon injection, intravitreal  or systemic delivery; severe uveitis 
with CME- consider steroid-sparing immunosuppressive drugs;

 - chronic noninfectious posterior uveitis-  intraocular steroid sutained 
�–delivery device(0.59 mg  uocinolone acetonide); uveitis with CME 
resistant to medical therapy�– an intravitreal anti-VEGF therapy (beva-
cizumab); chronic CME with vitreous adhesions to anterior segment 
structures following complicated cataract surgery- vitrectomy

2. Retinal vascular disease
 - Diabetic retinopathy- DME- focal or focal/grid laser photocoagula-

tion; diffuse DME- medical control of hyperglycemia, systemic hy-
pertension, hyperlipidemia; tractional DME- vitrectomy with peeling 
of posterior  hyaloid; nontractional diffuse DME- repeated injections 
of intravitreal triamcinolone acetonide or sustained �–release de-
vices (triamcinolone,  ucinolone, dexamthasone), anti-VEGF agents 
(pegaptanib, ranibizumab, bevacizumab)

 - Radiation retinopathy- ME- focal laser photocoagulation, laser ablation 
of any irradiated extramacular target zone, intravitreal VEGF inhibition

 - Retinal vein occlusion- ME- in BRVO - grid laser treatment, intravitreal 
tramcinolone injection , sustained-release dexamethasone implant, 
intravitreal anti-VEGF agents( pegaptanib, ranibizumab, bevacizau-
mab), laser-induced chorioretinal anastomosis, intraviteal tissue plas-
minogen activator(tPA)  injection , arteriovenous sheathotomy, radial 
optic neurotomy, vitrectomy. 

 - Retinal arterial macroanerysm, retinal teleangiectasis, IRVAN syn-
drome- ME- laser photocoagulation

3. Choroidal neovascularization- ME- intravitreal anti-VEGF treatment( 
ranibizumab, bevacizumab)

4. Drug reactions- CME after topical prostaglandin analogs(latanoprost), 
epinephrine -discontinuing the drug; CME after systemic exposure: 
nicotinic acid( hypercholesterolemia treatment), docetaxel, paclit-
axel (oncologic agents), tamoxifen (anti-estrogen drug), pioglitazone, 
rosiglitazone(diabetes mellitus treatment)- stopping the drug.

5. Retinal dystrophies- CME in retinitis pigmentosa- oral  or topical dorzola-
mid, intravitreal injection of triamcinolone acetonide in cases unrespon-
sive to acetalozamide

6. Tractional maculopathies- CME- in vitreomacular traction syndrome, 
ERM, high myopia- vitrectomy with peeling of any tractional components

7. Retinal detachment- ME- scleral buckling or vitrectomy; CME in eyes 
with longstanding RD can persist after RD repair 
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8. Intraocular tumors- CME in choroidal hemangioma, retinal capillary he-
mangioma- laser  photocoagulation, photodynamic therapy, VEGF inhi-
bition

9. Optic nerve head abnormalities- (optic pit, optic nerve coloboma, morn-
ing glory disc anomaly)- ME- laser, vitrectomy, gas tamponade.

Conclusion

Macular edema occurs in a large number of pathologic conditions and has a medi-
cal and socioeconomic importance.  Laser photocoagulation remains the treat-
ment of  choice for macular edema with nondiffuse pattern of vasculare leakage. In 
macular edema with diffuse pattern of vasculare leakage, different pharmacologic 
agents can reduce edema and improve  visual function. Vitrectomy is often an ef-
fective treatment in macular edema associated with tractional maculopathies. The 
long term-ef cacy and safety of new drugs and surgical procedures of the macular 
edema treatment should be established in large, randomized clinical trials.
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Macular hole
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HIV Retinitis

Christos Kalogeropoulos, Greece

18

Noninfectious retinopathy and HIV retinitis

Noninfectious retinopathy (non infectious retinal microvasculopathy) is the most 
common ocular manifestation of HIV/AIDS. Fifty to 70% of patients with AIDS 
have this condition.

Symptoms: Usually asymptomatic.

Signs: Cotton-wool spots (due to multiple nerve  ber layer infarcts), scattered 
intraretinal hemorrhages, microaneurysms. An ischemic maculopathy may occur 
with signi cant visual loss in 3% of patients.

CWS are not speci c and are the same of those seen in diabetes mellitus. They 
consist of  uffy patches in the posterior pole, often located along the vessels.

Histopathology: swollen nerve  bers which result from disrupted axonal trans-
port caused by ischemia. The etiology of this ischemia is probably multifactorial, 
including HIV infection of the endothelium of the retinal microvasculature, and 
deposition of circulating immunocomplexes.

HIV retinopathy can occur at any stage of the disease, but its frequency increases 
with the degree of immunode ciency.

Isolated perivascular sheathing has been described in the absence of opportun-
istic retinal infections; etiology of this perivasculitis is unclear (mainly in African 
patients �– children).

HIV has been isolated from the human retina and its antigen has been detected 
in retinal endothelial cells by immunohistochemistry. It is thought that such HIV 
endothelial infection and/or rheologic abnormalities such as increased leukocyte 
activation and rigidity may play a role in the development of cotton wool spots 
(CWS) and other vascular alterations.

CWS in AIDS: Although not directly vision threatening, these are considered to be 
a prelude to more serious ocular infections such as ARN (Acute Retinal Necrosis) 
or PORN (Progressive Outer Retinal Necrosis).
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Treatment in cases of HIV retinopathy: antiretroviral agents; zidovudine and lami-
vudine, efavirenz and lopinavir + ritonavir.

HIV also may cause a peripheral multifocal retinitis with associated low-grade vit-
ritis and retinal vasculitis. Patients must be evaluated for syphilis witch may cause 
a similar clinical picture.

Unlike CMV, the lesions are stationary or progress very slowly and are not associ-
ated with retinal hemorrhage. Patient CD4+ count is usually > 120 cells/ l.

Large vessel occlusions are extremely unusual and they have been reported in 
association with viral retinitis, in ltrative lymphomatous optic neuropathy and as 
isolated abnormalities (AIDS-related hyperviscosity). An unusual frosted branch 
vasculitis has been associated with CMV retinitis in AIDS.

Work-up: HIV retinopathy is a marker of low CD4 + counts. Look for concomitant 
opportunistic infectious (i.e. Cytomegalovirus Retinitis). Rule out the other causes 
for unexplained cotton wool spots.

Cotton wool spots: Whitening in the super cial retinal nerve  ber layer (RNFL). 
The presence of a single cotton wool spot (CWS) in a patient without diabetes 
wellitus, acute hypertension or a central retinal vein occlusion (CRVO)/ branch reti-
nal vein occlusion (BRVO) merits a work-up for an underlying systemic condition.

Dx. - Retinal whitening secondary to neuroretinitis such as that seen in toxoplas-
mosis, HSV, VZV and CMV (these entities typically have vitritis and retinal hemor-
rhages associated with them).
      - Myelinated nerve  ber layer. (Usually peripapillary).

Other underlying causes of CWS:

Retinal emboli, collagen vascular disease (SLE, most common, Wegener�’s granu-
lomatosis, polyarteritis nodosa, scleroderma), giant cell arteritis, infections (toxo-
plasmosis, Lyme, leptospirosis, subacute bacterial endocarditis, Rocky Mountain 
spotted fever, onchocerciasis), hypercoagulable state, radiation retinopathy, Inter-
feron therapy, Purtscher and pseudo-Purtscher retinopathy, malignancy  (meta-
static carcinoma, leukemia, lymphoma), others (migraine, papillitis, sickle cell ane-
mia etc.).

Laboratory investigation are essential to establish the diagnosis of HIV infection: 
demonstration of virus-speci c antibodies by ELISA and Western blot, viral anti-
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gen by enzyme immunoassay, direct isolation of HIV from the blood by culture, 
detection of HIV nucleic acid by PCR, or viral P24 antigen detection.

Posterior segment involvement by opportunistic infectious agents 

Other infectious agents that can affect the posterior segment of the eye in patients 
with AIDS include CMV, HZV, Toxoplasma gondii, Mycobacterium Tuberculosis, 
Cryptococcus neoformans, Pneumocystis carinis, Histoplasma capsulatun, Can-
dida spp. 

Visual morbidity occurs particularly in cases of retinitis caused by CMV, HZV or 
Toxoplasma gondii.

CMV retinitis: yellow white retinal lesions with marked retinal opaci cation, hard 
exudates and intraretinal hemorrhages.

Diagnosis: Characteristic clinical appearance, PCR of aqueous humor, quantita-
tive CMV PCR for blood (to assess systemic infection)

In the USA, 5 medications are currently approved for treatment of CMV retinitis:
1) Oral or intravenous ganciclovir, 2) Oral valganciclovir, 3) Intravenous foscarnet, 
4) Ganciclovir via intraocular device, 5) Intravenous cidofovir.

Progressive outer retinal necrosis (PORN): PORN is usually caused by infection 
of outer retina and RPE, rare infection occurring mainly by HZV (or HSV), exclu-
sively in AIDS patients. Differential diagnosis includes CMV retinitis and ARN.
Intravitreal ganciclovir and/or foscarnet, also intravenous ganciclovir and/or fo-
scarnet more effective than acyclovir.

Toxoplasma retinochoroiditis: In general, the size of the retinochoroidal lesion 
is larger in patients with AIDS. Solitary, multifocal and miliary patterns of retinitis. 
Preexisting scars are rarely seen in patients with AIDS. Dx: ARN or syphilitic retini-
tis (dif cult to distinguish in AIDS patients). Anti-toxoplasmic therapy required, 
because the condition inevitably progress if left untreated.

Syphilitic chorioretinitis: 1) Uveitis, 2) Optic neuritis, 3) Non necrotizing retinitis 
(patients may present a dense vitritis).

Intravenous Penicillin G: main treatment. A classic manifestation of Syphilis in 
patients with AIDS is unilateral or bilateral pale yellow placoid retinal lesions that 
preferentially involve the macula (syphilitic posterior placoid chorioretinitis).
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The effectiveness of HAART (Highly Active Anti-Retroviral Therapy) in restoring 
immune function in patients with AIDS has led to changes of the incidence, natu-
ral history, management and sequelae of HIV-associated retinopathies, especially 
CMV retinitis (decrease of incidence and severity).

In summary HIV-associated retinitis is characterized manly by:
1. HIV retinopathy/retinitis
2. CMV retinitis
3. Necrotizing Herpetic Retinitis (ARN and PORN)
4. Toxoplasmosis
5. Syphilis
6. Immune recovery uveitis (IRU) diagnosed in 16-63% of HAART responders

1. Tamara R. Vrabec. Posterior segment manifestation of HIV/AIDS. Surv. Oph-
thalmol 49: 131-157, 2004.

2. Goldberg DE, Smithen LM, Angelilli A. and Freeman WR. HIV-associated 
retinopathy in the HAART era. Retina 25: 633-649, 2005.

Chris D. Kalogeropoulos, MD. PhD, FEBO
Assoc. Professor of Ophthalmology, University of Ioannina
Dept. of Ocular In ammation Service
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Age related macular degeneration

Miltiadis Tsilibaris, Greece

19

Age related macular degeneration is the leading cause of blindness and visual dis-
ability and is responsible for 8.7% of all legal blindness worldwide. 

The clinical hallmark and usually the  rst clinical  nding of age-related macular 
degeneration is the presence of drusen. AMD can be classi ed into two broad 
clinical categories depending on whether there is a presence of abnormal neo-
vascularization: neovascular (synonymous with exudative or wet) and dry AMD. A 
second classi cation is used depending on the extent of visual impairment; late 
AMD, which includes neovascular AMD and an advanced dry form called geo-
graphic atrophy and early AMD that includes all other forms.  Early (dry) AMD is 
more prevalent than neovascular AMD in the UK and USA. However, patients with 
neovascular AMD account for 75% of cases of severe visual impairment second-
ary to AMD. 

Several risk factors for the development and progression of age-related macular 
degeneration have been established, including advanced age, white race, hered-
ity, a history of smoking, complement factor H, obesity, high dietary intake of veg-
etable fat and low dietary intake of antioxidants and zinc. 

Large soft drusen are associated with a 6�–7-fold increased risk of progression to 
advanced AMD. Large numbers of small hard drusen are also associated with pro-
gression to geographic atrophy. Once advanced age-related macular degenera-
tion develops in one eye, there is a substantial chance (43%) of its development in 
the other eye within 5 years. The risk of legal blindness in both eyes for a person 
with unilateral visual loss from neovascular age-related macular degeneration may 
be approximately 12% over a period of 5 years. Although most people with ad-
vanced age-related macular degeneration do not become completely blind, visual 
loss often markedly reduces the quality of life and is associated with disability and 
clinical depression in up to one third of patients, even if only one eye is affected.

Diagnosis is put with the combination of history and clinical examination. Speci c 
ophthalmic imaging techniques such as intravenous  uorescein angiography or 
indo- cyanine green angiography can augment clinical examination by identifying 
and characterizing choroidal neovascular lesions. Optical coherence tomography 
is noninvasive and can help elucidate retinal abnormalities by creating a cross-
sectional image of the retina with the use of re ecting light rays. Since symptoms 
of age-related macular degeneration vary, each eye should be examined carefully 
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(with the other eye covered) by measuring visual acuity and by checking for subtle 
distortions on an Amsler grid, a square arrangement of vertical and horizontal lines 
that helps to assess a person�’s central visual  eld. Scotomas and visual distor-
tions may be manifested as perceived breaks, waviness, or missing portions of the 
lines of the grid. Many patients are unaware of these subtle changes in vision, so 
periodic examinations by vitreoretinal specialists are of paramount importance to 
help detect neovascular age-related macular degeneration, since early identi ca-
tion and treatment can lead to better visual outcomes.

The current management includes anti-oxidant supplementation as well as life-
style and dietary modi cations for the dry disease.  For the wet disease intravitreal 
antiangiogenic therapy is currently the primary therapy and has revolutionized the 
treatment offering stabilization or partial restore of the vision in big proportion of 
the patients. Ocular photodynamic therapy and thermal laser that used to be the 
treatment of choice since some years ago, are less popular today. Although big 
advances have happened during the last few years, age-related macular degen-
eration remains a blinding disease with no effective cure. In the future, approaches 
that involve the combination of agents or even the use of novel genetic treatments 
are expected to bring new alternatives that will help restore vision of patients with 
AMD.

1. Jager RD, Mieler WF, Miller JW: Age related macular degeneration. N Eng J 
Med 2008;358:2606-17

2. Cook HL, Patel PJ, TufailA: Age-ralted macular degeneration: diagnosis and 
management. Brit Med Bul 2008; 85:127-149

3. Zhang N, Peng H: Emerging pharmcologic therapies for wet age-related mac-
ular degeneration. Ophthalmologica 2009;223:401-410

4. Ding X, Patel M, Chan CC: Molecular pathology of age-related macular de-
generation. Prog Retin Eye Res. 2009; 28(1):1-18

Miltiadis K Tsilimbaris, MD, Greece
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Toxic retinopathies

Isabelle Ingster – Moati, France

20

The main toxic retinopathy is the retinopathy induced by hydroxychloroquine 
(HCQ) and chloroquine (CQ) long term therapy. The second type includes all those 
induced by vigabatrin (VGB) long term therapy. These two retinopathies are dif-
 cult to avoid and each of them requires a special screening. The HCQ/CQ retin-
opathy is very rare but can result in blindness. The number of patients undergoing 
this therapy increases regularly and their cumulative dose received for each of 
them is also increasing and is reaching a more dangerous level. Although the VGB 
therapy more frequently induces retinal toxicity, the numbers of patients using it is 
very low, but the diseases for which this therapy is given are very severe and the 
screening very dif cult. There are many others toxics that affect the retina such 
as methanol, quinine, tamoxifen, desferoxamin, retinoïds, canthaxianthin, and iron 
originating from a metallic foreign body. This text will only be about HCQ/CQ reti-
nal toxicity.

HCQ and CQ have been prescribed since the  fties for a large number of chronic 
auto-immune diseases such as rhumatoïd arthritis, systemic lupus erythemato-
sus, Gougerot-Sjögren syndrome, scleroderma etc.., but the retinal toxicity is very 
rare. This retinopathy is bilateral, irreversible, without any treatment, and can in-
duce de nitive blindness. Since the  rst description of this toxicity (1), all the au-
thors agree that ophthalmological screening of patients under long term HCQ/CQ 
therapy is a necessity. The number of international publications on this subject 
is always very high and just for 2009 there were 8 (2-9) and another at beginning 
of 2010 (10). It appears that since 2000, the multifocal electroretinogram (mf ERG) 
testing seems to be the most sensitive method for detecting early changes due to 
HCQ/CQ retinal toxicity (4, 5, 11-18).

To better understand the actual ophthalmological screening of these patients, it is 
useful to de ne the two stages of toxicity identi ed for a patient undergoing HCQ/
HQ long term treatment.

�• « retinal toxicity » with clinical lesions directly viewed by ophthalmoscopy 
and or at the retinal angiography or with auto- uorescence with the typical 
bull�’s eye maculopathy. This lesion leads to a severe visual loss acuity and 
to blindness 

�• « pre-clinical retinal toxicity » without any clinical signs, a normal fundus 
ophthalmoscopy, normal auto- uorescence and normal angiography but 
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abnormal signs in the central visual  elds and or abnormal mf ERG. At this 
stage, the toxicity can be reversed if the HCQ /CQ daily dosage is dimin-
ished or stopped. But if the treatment is continued, this stage goes to an 
irreversible toxicity.

It is why the screening is necessary to detect very early changes at the preclinical 
stage when the toxicity is still reversible. 

For HCQ (Plaquenil®), each pill contains 200 mg of HCQ and the maximum daily 
dosage recommended to avoid retinal toxicity is 6.5 mg per kg lean body mass 
per day (19, 20) (which corresponds to 2 pills a day for a patient of 60 kg and 1m60).

For CQ (Nivaquine®), each pill contains 100 mg of CQ and the maximum daily 
dosage recommended to avoid retinal toxicity is 3 mg per kg lean body mass per 
day (19) (which corresponds to 1 pill a day for a patient of 60 kg and 1m60).

In France today, for example, out of 60  million people, about 30 000 patients are 
undergoing HCQ or CQ long term therapy, more than 95 % of this group are un-
dergoing Plaquenil® and less than 5 % are undergoing Nivaquine®  (21).  The price 
of Plaquenil® is very low (0.18 euro one pill) compared with the others treatments 
and the side effects except the risk of retinal toxicity are small. It is the  rst choice 
therapy in these chronic  in ammatory and/or auto-immunes diseases. 

To determine the best screening ophthalmological protocol, it seems logical to 
understand the physiopathology of this very particular retinal toxicity and it would 
also be useful to know the exact pharmacology of these molecules.

1. The physiopathology of this retinal toxicity is not yet completely understood 
and the reason of an Bull�’s eye maculopathy with an annular scotoma around 
the 8 to 10 degrees of the central visual  eld which preserves at least at 
the beginning the foveola and the peripheral retina remains mysterious. It is 
well known that CQ/HCQ has a special af nity for melanin and that these 
molecules induce an alteration of the lysosomes particularly those located 
in the retinal pigmented epithelium and in the photoreceptors. The degen-
erative process begins in the ganglion cells but photoreceptors are the more 
damaged (22). Studies with OCT (23) have showed distinctive discontinuity of 
the perifoveal photoreceptor inner segment/outer segment junction and thin-
ning of the outer nuclear layer were seen with the SD OCT in patients with 
mild retinal toxic effects. Moreover, retinal fundus auto- uorescence (FAF) in 
patients under long term HCQ/CQ therapy detected early changes (16) in the 
pigmented epithelium beginning with a  ne pericentral ring of increase FAF. In 
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more advanced cases, the ring appeared broaden before just mottled and lat-
er on general loss of pigment epithelium was indicated by an absence of FAF. 
Results of FAF imaging correspond to retinal epithelium lipofuschin charac-
teristics (16). For Kellner et al. (16), an increased FAF indicates accumulation of 
lipofuschin due to, for example, abnormal metabolism with increased phago-
cytosis of photoreceptor outer segments or an inherited or acquired defect of 
phagocytosis processes of the retinal pigment epithelial cells. Absence of FAF 
indicates photoreceptor or pigment epithelial cell loss. Korah et al. (24) in 2008 
has published a case of a patient with a CQ induced retinopathy where the 
optical coherence tomography (OCT) revealed anatomical evidence of loss of 
ganglion cell layers, causing marked thinning of the macula and parafoveal 
region. Turgut et al. (3) in  2008 also used OCT to show in an other case of 
HCQ retinal toxicity the photoreceptor loss, retina pigment epithelium (RPE) 
irregularities, and a cyst-like hypo re ective space over RPE layer on the nasal 
perifoveal region in one eye of this patient.

The question that then remains is why the region between 8 to 10 central 
degrees is the most sensitive to the retinal toxicity. The answer could be that 
there is an anatomo-physiological difference between the foveolar cones and 
the pericentral cones because the  rst detected change is a functional loss of 
these pericentral cones (16).

2. The pharmacology of HCQ/CQ is complex because the inter-individual vari-
ability of its intestinal absorption is very high (about 75 %), which explains 
why the HCQ blood level shows also a great inter-individual variability (25). 
Fifty per cent of the absorbed HCQ is  xed on the blood proteins, mainly 
on albumin and on a 1 glycoprotein. Synthesis of these proteins is geneti-
cally determined and explains why a certain number of patients can reach 
a cumulative dose of 4 kg (which is more twice the risk cumulative dose) of 
HCQ (after more than 20 years of a uninterrupted treatment of 400 mg per 
day) without any preclinical signs of toxicity and other patients develop a true 
retinal toxicity before 5 years of treatment (26). The HCQ distribution volume is 
very signi cant; it describes the accumulation in the cells containing melanin 
and in the lysosomes. These different aspects have motivated the study of N. 
Costedoat-Chalumeau et al.�’s study  (24) con rmed this large  HCQ blood level 
inter-individual variability but they have also shown that the blood HCQ level 
is correlated neither to the weight nor to the lean body mass index 

Taking into account the knowledge available, the current screening ophthal-
mological protocol proposed is the following:
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1. Informing the patient: the prescribing physician has to inform his patient of 
the visual risks and of the necessity of regular ophthalmological follow-ups. 
This information must to be clearly noted in the patient�’s  le. The prescribing 
physician has to inform his patient that the aim of this follow-up is to avoid, as 
much as possible, the irreversible retinal toxicity. This follow-up consists of:

1. Before initiating HCQ/CQ, or at least during the  rst 6 months of this treat-
ment, a baseline examination with:

1. a complete clinical ophthalmological exam with a very careful exami-
nation of the macula to detect any maculopathy existing previously to 
HCQ/CQ treatment.

2. a central visual  eld (10 or 20 central degrees) examination and
3. a mf ERG testing, if available

2. During the treatment in a patient without any risk factor annually (and more 
often in patient with one or more risk factors)

1. a complete clinical ophthalmological examination
2. a comparative central visual  eld and
3. a comparative mf ERG if available and strongly recommended after 5 

years of treatment
4. SD OCT recommended after 7 years of treatment with auto- uores-

cence imaging 

The frequency of follow-ups is determined by the existence of risk factors. A 
patient without any risk factor should be checked once a year. If there is one 
or more risk factors, the patient must be seen more often (twice a year for 
instance). There are 6 known risk factors:

�• a high cumulative dose, higher than 1.8 kg (corresponding to an unin-
terrupted treatment of 2 pills per day over 12 years) ;

�• a high daily dose, (larger than 6.5 mg HCQ per kg lean body weight per 
day or  3 mg CQ per kg lean body weight per day);

�• ophthalmological diseases, particularly retinal problems
�• renal and/or liver de cencies
�• elderly patients
�• CQ treatment instead of HCQ

But we must stress that retinal toxicity could appear without any risk factors (16,26, 27).

The patient must be told that if he feels any new visual problem between two tests, 
for instance if he feels that reading becomes dif cult, he must visit his ophthal-
mologist.
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As for the electrophysiological test, it should be mentioned that it can objectively 
and quantitatively evaluate the retinal function and it can detect functional changes 
when the anatomical exams are still normal. The latest international publications 
have shown that the mf ERG is the most effective test for detecting early retinal 
changes but this test is not yet available everywhere, so comparative visual  eld 
tests must to be done at least once a year in all patients undergoing long term HCQ/
CQ therapy. The follow-up should always be performed in the same centre to allow 
precise comparison of the results of each patient during the period of his treatment.

If by comparison of successive results a preclinical alteration continues, it must be 
asked whether the HCQ/CQ treatment should be diminished or to stopped all together. 
The pathology for which HCQ/CQ is prescribed is a main factor. Indeed, if it is for 
rheumatoid arthritis, for instance, there are a number of therapies now to treat this dis-
ease and HCQ/CQ could be relatively easily stopped but if the patient suffers from an 
erythematous Lupus, the strategy is completely different  because it has been shown 
by several randomizes studies (25, 28) that HCQ/CQ therapy could diminish the number 
and the severity of the crisis so it is crucial to continue the treatment as long as pos-
sible. Lupus is a severe pathology, which can comprise the vital prognostic by inducing 
renal, cardiac or neurologic severe alterations; in these cases, it is better to maintain 
HCQ/CQ at lower doses with more frequent ophthalmological follow-ups. So, we em-
phasize that the decision as to whether or not to stop this medication should be made 
by the prescribing physician only after all the risks and bene ts have been evaluated.

In case of a clinical intoxication, the treatment must be stopped immediately. The 
retinopathy could continue despite the interruption of the treatment, and if the 
treatment is not stopped the patient could become blind.

In France when a clinical intoxication is detected, it must be declared at a special 
departmental centre (centre de Pharmacovigilance). 

In conclusion, in spite of the real constraint of the ophthalmological follow-up in pa-
tients undergoing long term HCQ/CQ therapy, the ratio bene t/risk is still much more 
in favour of this treatment for patients with chronic in ammatory and/or autoimmune 
diseases. We have to follow-up all the patients under this treatment at least once a 
year with a complete clinical ophthalmological examination, a central visual  eld and 
if available a mf ERG. As ophthalmologists, it is our responsibility to convince our 
prescribing colleagues of the risk of an irreversible retinal toxicity without any treat-
ment and so of the necessity of a serious regular ophthalmological follow-up. The 
future will bring us a better knowledge of HCQ/CQ pharmacology, the discovery of 
the exact mechanism of the retinal toxicity, and a better determination for patients 
who have a high risk level and so follow-up more particularly these ones. 
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Finally, we have also to mention that in part because of the new means (mf ERG, 
SD-OCT, etc�…), Professor M. Marmor of Stanford University (USA) was mandated 
by the American Academy of Ophthalmology to write new recommendations on 
screening for HCQ/CQ retinopathy but, in April 2010, they are not yet published 
but they should be available in the next few months.
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Retinitis pigmentosa
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Retinitis pigmentosa (RP) belongs to the group of pigmentary retinopathies, a 
generic name that covers all retinal dystrophies presented with a loss of pho-
toreceptors and retinal pigment deposits. RP is a retinal degenerative disease 
characterized by pigment deposits predominant in the peripheral retina and by 
a relative sparing of the central retina. In most of the cases of RP, there is a pri-
mary degeneration of the photoreceptor rods, with secondary degeneration of 
cones. This sequence of photoreceptor involvement explains why patients initially 
present with night blindness, and only in the later life would suffer visual impair-
ment in diurnal conditions. 

Retinitis pigmentosa (RP) has a prevalence of about 1in 4000. An estimated 1.5 
million people are affected around the world. The highest frequency of occurrence 
of RP is among the Navajo Indians; 1:1878.

The main symptoms and signs of retinitis pigmentosa include night blindness, 
prolonged dark adaptation and dif culty with mid peripheral visual  eld in adoles-
cence. As the condition progresses, they develop a tendency to blue blindness, 
lose far peripheral  eld, and eventually lose central vision as well. Patients can 
have a normal fundus appearance in the early stages. In more advanced stages, 
signs include attenuated retinal vessels, intraretinal pigment, and waxy pallor of 
the optic discs. The intraretinal pigment is distributed circumferentially around the 
mid periphery in the zone where rods normally are at maximum concentration.
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Diagnostic criteria

Functional signs Visual fi eld Fundus Electroretinogram

Night blindness 
(nyctalopia) is the 
earliest symptom

Patchy losses of 
peripheral vision 
evolving to

Pigmentary de-
posits resembling 
bone spicules, 
initially in periph-
eral retina

Dramatic dimi-
nution in a- and 
b-wave's ampli-
tudes �– prolonged 
implicit times

Photophobia ap-
pears later

Ring shape 
scotoma, and 
eventually

Attenuation of the 
retinal vessels

Scotopic system 
(rods) pre-
dominates over 
photopic (cones) 
system

The visual acuity 
is preserved in 
early and mid 
stages

Tunnel vision Waxy pallor of the 
optic disc

Unrecord-
able ERG in later 
stages

Various degrees of 
retinal atrophy

A tool now central to the diagnosis and classi cation of RP is the electroretino-
gram (ERG). In this procedure, photoreceptor cells are either dark adapted (sco-
topic ERG) or adapted to a speci c level of light (photopic ERG), and then stim-
ulated with a brief  ash of light. In typical RP, the rod-cone disease manifests 
initially as alterations of the scotopic ERG and shows a proportional loss of the 
photoreceptor cell and post-photoreceptor components of the ERG.

Localization of the lesions. There are regional or sectorial forms in which only 
one or two quadrants are affected (RHO, PRPF31 mutations). The lesions may 
also be localized as a ring around the macula (pericentral), the optic disc (para-
papillary) or predominantly along retinal veins (paravenous). In some cases, there 
is paraarteriolar retinal pigment epithelium preservation (CRB1 mutations). Finally, 
there are rare cases of unilateral RP for which a local cause (trauma) should be 
actively searched.
Retinitis pigmentosa presents  great clinical as well as genetic heterogeneity. 
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ERG responses from a normal subject and from four patients (ages 13, 14, 14, and 9) with retinitis 

pigmentosa.

Mode of inheritance
Autosomal dominant forms are usually the mildest forms, with some cases start-
ing after the age of 50, although severe disease can also appear. 
Autosomal recessive forms start typically during the  rst decade, although some 
mild forms can be encountered.
X-linked forms also start early and are frequently associated with myopia.
Non-mendelian inheritance patterns, such as digenic inheritance and maternal 
(mitochondrial) inheritance, have been reported. 
Simplex RP;cases with no family history (15-63%).

Syndromic RP
Many syndromes associate with various types of pigmentary retinopathies.
Usher syndrome is the most frequent syndromic form in which typical RP is asso-
ciated with neurosensory deafness. Bardet-Biedl syndrome, Refsum syndromes,
Batten disease, Kearns-Sayre syndrome, Abetalipoproteinemia (Bassen Kornz-
weig disease) are some other syndromes .

Complications
The most frequent complications are cataracts (posterior subcapsular) and macu-
lar edema. Phacoemulsi cation with implantation of intraocular lens  and  aceta-
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zolamide sodium at a daily dose of 500 mg or less is  required.

Treatment options
Vitamine A palmitate in high doses (15000 IU/day) has been shown to slow the rate 
of retinal degeneration but not to have any bene cial effect on functional vision (vis-
ual acuity, visual  eld). The safety of high dose vitamine A has also been questioned.
Future treatment options may include gene therapy, the use of neurotrophic fac-
tors, retinal cell transplantation  and use of neuroprosthetic devices.

Fig 1: Paravenous pigment deposits in an RP patient fundus

Fig 2: RP patient preserving relatively normal macular region

Fig 3,4: Fundus photo and  uorescein angiogram of a  patient with typical RP



EUPO Course 2010 - Page 129

1. Berson EL, Retinis pigmentosa  The Friedenwall Lecture 1659, Investigative 
Ophalmology &Visual Science, April 1993, Vol.34, No.5

2.  Orphanet Journal of Rare Diseases 2006, 1:40

3. Ronald E. Carr, John R. Heckenlively. Hereditary pigmentary degenerations 
of the Retina. InWilliam Tasman MD; Edward A Jaeger MD  Duane�’s clinical 
ophthalmology  (1993) Vol 3, chap. 24.

4. Carlo Rivolta, Dror Sharon, Margaret M. DeAngelis and Thaddeus P. Dryja  
Retinitis pigmentosa and allied diseases: numerous diseases, genes, and in-
heritance patterns  Human Molecular Genetics, 2002, Vol. 11, No. 10

5. Hartong DT, Berson EL, Dryja TP. Retinitis pigmentosa. Lancet. 2006 Nov 
18;368(9549):1795-809.

6. Weleber RG, Gregory-Evans K (2006) .Retinitis pigmentosa and allied disor-
ders. In Ryan, SJ (ed), Retina. Elsevier Mosby, pp 395-498. 

7. Phelan JK, Bok D, A brief review of retinitis pigmentosa and the identi ed 
retinitis pigmentosa genes. Mol Vis. 2000 Jul 8;6:116-24. 

8. Koenekoop RK, Lopez I, den Hollander AI, Allikmets R, Cremers FP. Genetic 
testing for retinal dystrophies and dysfunctions: bene ts, dilemmas and solu-
tions. Clin.Experiment Ophthalmol 2007 Jul;35(5):473-85. 

9. Shintani K, Shechtman DL, Gurwood AS. Review and update: current treat-
ment trends for patients with retinitis pigmentosa.

STEFANIOTOU  MARIA
Ass. Prof. of Ophthalmology
University Eye Clinic of Ioannina, Greece

References



Notes

Page 130 - EUPO Course 2010



EUPO Course 2010 - Page 131

Stargardt Disease – Fundus Flavimaculatus

Agnes Farkas, Hungary

22

Stargardt disease (STGD), also known as Fundus Flavimaculatus (FFM), a 
presumed primary dystrophy of the retinal pigment epithelium is by far the most 
common form of inherited juvenile-onset macular dystrophy, causing progres-
sive vision loss usually to the point of legal blindness. In addition to the macular 
change, the autosomal recessively (approximately 90%) inherited retinal disorder 
is characterised by subretinal deposition of lipofuscin-like material of the periph-
eral retina.
Precise estimation of prevalence is not available. Based on the frequently cited 
incidence of one in 10 000, the disease belongs to the group of �„orphan (or rare) 
disorders�”.

History

The  rst description of the disease - characterised by bilateral atrophic appearing 
foveal lesions and decrease in central acuity- was given by Karl Stargardt in 1909. 
(Initial investigators preferred the term �„Stargard�’s macular dystrophy�”, later on 
Stargardt Disease �– STGD - has been used.) As a variant of Stargard�’s macular 
dystrophy, fundus  avimaculatus was described by Franceschetti and Francois in 
1965. The term was/is used for patients with yellow-white  ecks throughout the 
fundus (with or without an atrophic foveal lesion). 
Since the initial descriptions by Stargardt and Franceschetti, there has still been 
controversy in the literature as to whether STGD and FFM represent different clini-
cal entities. There is currently no agreement on a clinical classi cation of this mac-
ular dystrophy; some authors have favored the concept of a single disorder, and 
others have tried to separate them based on clinical  ndings (e.g. electroretino-
grams, Fishman in 1976; Lois et al. in 2001).

Clinical course characterised by examination of

Visual acuity, Fundi and Colour vision
STGD typically begins in the  rst or second decade of life with variably decreased 
visual acuity. Both eyes are in general symmetrically affected, in boys and girls 
aequally. Usually there is a rapid decline in acuity during the teenage-years with 
 nal acuity of 20/200 to 20/400 by adulthood.
Initially, only subtle pigmentary mottling within the fovea may be apparent. Even 
with only minimal ophthalmoscopic changes, visual acuity may decrease to levels 
of 20/30 to 20/50. Later on foveal changes turn to atrophic, may have a beaten 
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metal (bronze) appearance and are associated with a ring or more extensive gar-
land of yellow-white fundus  ecks within the posterior pole and, to a lesser extent, 
the midperipheral retina. The  eck-like lesions may be round, linear or pisciform 
( shtail-like). Although the central acuity is severely reduced, peripheral vision re-
mains usually normal throughout life. The retinal damage often leads to an increase 
in sensitivity to light (photophobia) and delay of dark adaptation is also typical. 
Colour vision defect may be found mostly in adavanced stages of the disease.

Electrophysiological examinations 

While the full- eld ERG is useful for discriminating the more localized pathology 
of STGD from widespread forms of retinal degenerations (e.g. CRD), it is of little 
value in the early detection of the disease and for following patients in longitudinal 
studies.
Responses are usually within the normal range in children with STGD. The cone-
(30 Hz  icker) ERG typically lies toward the lower limit of normal, and the cone 
b-wave implicit time is usually longer than mean normal but still within the normal 
range. Older patients with extensive macular degeneration may show subnormal 
cone and rod amplitudes but the magnitude of loss is roughly predictable from the 
extent of macular degeneration.
An important characteristic of STGD is that cone b-wave implicit time remains 
borderline normal despite advanced disease. This is an important prognostic in-
dicator, since patients who retaining normal or near normal b-wave implicit times 
are likely to retain useful peripheral function throughout life.
It is imperative, however, to allow at least 45 minutes for dark adaptation to appre-
ciate fully the optimal potential for rod ERG amplitudes, since patients with STGD 
can take longer than normal to obtain maximally dark-adapted condition. 
In evaluating the possible retinal basis for reduced acuity, it is necessary to obtain 
multifocal ERG which is capable for simultaneous geographic mapping of retinal 
function throughout the macula (but monitoring of �„ xation�” /fundus position/ is 
important while testing).

Pattern ERG (with usual and larger stimulus  eld) has also been examined. 
Electrooculograms may be in the normal range or slightly affected in STGD.
Perimetry �– Microperimetry may also be informative (but there are dif culties by 
 xation!)
Dark adaptation (DA): 
After 30 minutes of dark adaptation following a photobleach, thresholds for normal 
subjects return to their prebleach values, while thresholds for the majority of pa-
tients with STGD (and CRD) remain elevated. Interestly, delayed dark adaptation 
has also been reported in AMD.
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Fluorescein angiography (FA) and fundus auto uorescence 
A histopathologic report by Eagle (1980) demonstrated the presence of a lipofus-
cin-like material within all retinal pigment epithelial cells in a patient with fundus 
 avimaculatus.
The fundus  ecks corresponded to retinal pigment epithelial cells that had under-
gone hypertrophy as a consequence of particularly extensive accumulation of the 
lipofuscin-like material that may block the choroidal  uorescence and explain the 
�„dark choroid�” reported by Fish et al (1981) in patients with Stargard�’s macular 
dystrophy. Based on this phenomenon fundus auto uorescence is generally ac-
cepted as the most effective method for ascertaining STGD, in particular of the 
extent of the condition.

Scanning laser ophthalmoscopy (SLO) 
The method is useful in detecting/measuring the amount of macular pigment, 
which is a predicting factor for visual acuity.

Optical coherence tomography (OCT) 
OCT images correlate well with histologic cross sections of the retina in animal 
experiments. Both parameters of OCT, foveal thickness(FT) and total macular vol-
ume (TMV) are of diagnostic value in STGD and correspond with visual function.

Ultahigh-resolution (UHR) �– OCT is able to visualize and quantify trasverse 
photoreceptor loss, in particular focal loss and, make a more exact compari-
son to visual acuity.

Molecular genetic background and biochemical processes: 
Mutations in the ABCA4 gene (expressed in rod and cone photoreceptors, mapped 
to the chromosome 1p13 �– p21 interval) were identi ed as the cause of autosom-
al recessively inherited STGD.
The protein encoded by the ABCA4 gene is called rim protein (RmP), because it 
was initially described in frog rod outer segment rims. RmP is a new member of 
the ATP-binding cassette (ABC) transporter superfamily. 
RmP proved to be implicated in the transport of retinoid compaunds across the 
outer segment disc membrane following the photoactivation of rhodopsin. With 
missing or defective RmP, these materials accumulate within the intradiskal space 
with the consequences of delay in dark adaptation. 
Variations of the gene lead to the increased accumulation of lipofuscin, comprised 
of a toxic component, the lipofuscin  uorophore, known as A2E, which can work 
as an initiator of blue-light induced apoptosis of RPE cells, causing secondary 
photoreceptor death. 
Mutations in the ABCR4 gene are responsible for a variety of autosomal reces-
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sively inherited degenerative retinal disorders (STGD, CRD, RP) and have also 
been suggested to predispose individuals to AMD.

Rare dominant forms of juvenile macular dystrophy with phenotypic similarity 
to STGD have been found to be related to mutations in ELOVL4, a gene that is 
belived to be involved in the long-chain fatty acid metabolism.

Therapeutical approaches

There is currently no effective treatment available for STGD – FFM. 
After early-time diagnosis, low vision aids and implementation of an appro-
priate learning and working environment are important to help maintain the 
best possible level of function.

Current and future treatment options: 
�• Light protective glasses, Vitamins (but vitamin A supplementation only with care!) 
�• Drugs (in preclinical studies) inhibited the accumulation of lipofuscin in RPE 
�• Accurate genetic testing in each patient is important for the future gene-therapy
�• Embryonic stem-cell implantation (forecasted to 2011-2012)
�• Electric devices, arti cial retinal microchips
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Hypotonic Maculopathy

Keith Martin, UK

23

Pathophysiology

The term 'hypotony maculopathy' was  rst used by Don Gass in 1972 to describe 
loss of central vision occurring as a result of low intraocular pressure.  Gass pro-
posed that hypotony could cause the scleral wall to collapse inward, resulting in 
redundancy of the choroid and retina, leading to characteristic chorioretinal folds. 
The characteristic pattern of radial folds around the fovea probably occurs be-
cause the perifoveal retina is very thick whereas the foveal retina is much thinner. 
De ning hypotony maculopathy by a particular IOP threshold is often unhelpful as 
different eyes respond very differently to the same low levels of pressure.  As an 
example, myopic eyes have a higher risk of hypotony maculopathy, probably as 
a result of reduced scleral rigidity, and young age and male sex are additional risk 
factors. In contrast, patients with low central corneal thickness have a lower risk 
of hypotony maculopathy. 

Causes of hypotony maculopathy

Ocular trauma and glaucoma surgery are the two leading causes of hypotony 
maculopathy. There are a number of published reports that suggest that the rate 
is much higher when antiproliferative agents, particularly mitomycin C (MMC), are 
used at the time of glaucoma surgery.  Rasheed (1999) compared the outcome 
of trabeculectomy with MMC in eyes with no previous ocular surgery to standard 
trabeculectomy without MMC. After a mean follow-up of 18 months, hypotony 
maculopathy developed in 3/25 eyes (12%) of the MMC group, and never in the 
no mitomycin C group.  Tsai et al (2003) reported a hypotony rate of 20% when 
MMC was used in trabeculectomies performed on patients with juvenile primary 
open angle glaucoma compared to 0% when MMC was not used.  It has been 
suggested that MMC may have a direct toxic effect on the ciliary body, resulting in 
reduced aqueous humour production. Hypotony is also more common following 
uveitic glaucoma surgery as aqueous production is often greatly reduced in these 
patients.

Avoiding hypotony maculopathy

Although hypotony has been associated with MMC use in the literature, in our 
experience the risk can be greatly reduced by relatively simple modi cations to 
surgical technique. The most important tips are:
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1. Treat a large area with MMC. Most thin, cystic blebs said to be associated 
with MMC use are probably due to treatment of too small an area with MMC 
leading to an aggressive scarring response in the penumbra of the treated re-
gion thus restricting aqueous  ow and forcing the bleb to thin under pressure. 

2. Avoid dissecting the scleral  ap too close to the limbus. Anterior aqueous 
 ow increases the risk of leak and hypotony

3. Ensure watertight closure of the conjunctiva at the limbus. This is essential 
to reduce the risk of hypotony in our experience.

4. Suture the scleral  ap relatively tightly using releasable or adjustable su-
tures that can be manipulated in the early post-operative period.

5. Use an anterior chamber infusion during surgery so that the expected aque-
ous  ow through the trabeculectomy at the desired intraocular pressure 
(controlled by the height of the infusion bottle) can be controlled.

6. Make sure uveitis is adequately controlled prior to glaucoma surgery and 
afterwards. We use intravenous methylprednisolone 2-3 hours pre-opera-
tively which helps to prevent ciliary shutdown and subsequent hypotony in 
the post operative period.

Treating hypotony maculopathy

Successful treatment of hypotony maculopathy requires the cause to be identi-
 ed and reversed before hypotony becomes persistent with the risk of permanent 
visual loss. It should be established whether the cause is leakage, over-drainage, 
poor aqueous production or a combination. This distinction may be obvious (eg 
wound leak) or less so (eg hypotony after uveitic glaucoma surgery may involve 
both relative over-drainage and reduced aqueous production).  For early post-
surgical hypotony we  nd that injection of viscoelastic into the anterior chamber 
can be both diagnostic and therapeutic. Diagnostically, an increasing pressure 
over the  rst few hours after viscoelastic injection proves good aqueous produc-
tion. Conversely, if a pressure rise is not sustained despite good viscoelastic  ll of 
the anterior chamber then it is likely, particularly in uveitic glaucoma, that aqueous 
production is poor and high dose systemic steroids can be helpful to increase 
aqueous production. Restricting aqueous  ow temporarily by injecting viscoelastic 
to the anterior chamber can allow some helpful healing in cases of over-drainage. 
If hypotony persists due to over-drainage despite several injections of viscoelastic 
then sub-conjunctival injection of autologous blood and/or Palmberg bleb com-
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pression sutures may be used. Palmberg (1996) suggested using 9�–0 nylon su-
tures to limit the bleb in cases of over- ltration and we have found that combining 
this technique with sub-conjunctival autologous blood injection outside the bleb 
can increase the effectiveness of the technique. If this approach is not successful 
then re-suturing of the trabeculectomy  ap is likely to be required, although this 
carries a high risk of subsequent trabeculectomy failure due to scarring.

1. Gass JD (1972): Hypotony maculopathy. In: Bellows JG Contemporary oph-
thalmology. Honoring Sir Stewart Duke-Elder. Baltimore: Williams & Wilkins 
343�–366.

2. Gass JD (1987): Folds of the choroid and retina. In: Gass JD (ed.) Stereoscop-
ic atlas of macular diseases, 3rd edn. St. Louis: Mosby Company 221�–234.

3. Haynes WL & Alward WL (1999): Combination of autologous blood injection 
and bleb compression sutures to treat hypotony maculopathy. J Glaucoma 
8: 384�–387.

4. Harizman N, Ben-Cnaan R, Goldenfeld M, Levkovitch-Verbin H & Melamed S 
(2005): Donor scleral patch for treating hypotony due to leaking and/or over-
 ltering blebs. J Glaucoma 14: 492�–496.

5. Palmberg P & Zacchei A (1996): Compression sutures �– a new treatment for 
leaking or painful  ltering blebs. Invest Ophthalmol Vis Sci 37 (Suppl.): 444.

6. Tsai JC, Chang HW, Kao CN, Lai IC & Teng MC (2003): Trabeculectomy with 
mitomycin C versus trabeculectomy alone for juvenile primary open-angle 
glaucoma. Ophthalmologica 217: 2

Keith Martin MA MD MRCP FRCOphth
Senior Lecturer and Consultant in Ophthalmology, 
University of Cambridge, UK

Selected reading



Notes

Page 140 - EUPO Course 2010



EUPO Course 2010 - Page 141

Leber congenital amaurosis

Sotiris Gartaganis, Greece

24

Abstract-Summary

Leber�’s Congenital Amaurosis (LCA) is a 
disease that was  rst described in 1869 by 
the German Ophthalmologist Theodor Karl 
Gustav von Leber (1840 -1917). It is rare 
(~1/80,000) inherited disease that presents 
at birth or in the  rst few months of life. It is 
characterized by severe vision loss or blind-
ness, nystagmus, poor or absent pupillary 
responses, photophbia, hyperopia and eye 
poking or rubbing. The fundus appearance 
can exhibit signi cant variability and may 
appear normal early on but later it can ac-
quire pigmentary changes reminiscent of 
retinitis pigmentosa. The Electroretinogram 
(ERG) is severely subnormal or non-exist-
ent. The disease is most often transmitted 
as autosomal recessive but instances of au-
tosomal dominant exist. There have been at 
least 12 different genes associated with this 
disease. The two most well known genes are retinal guanylate cyclase (GUCY2D) 
and retinal pigment epitheliumspeci c protein of 65kDa size (RPE65). Currently the 
only available treatment is supportive, although there is great excitement about 
new gene therapy treatments in the horizon. The recent Phase I/II human trial of 
Gene transfer in six patients with RPE65 mutation reported no serious adverse 
effects and some minimal improvement in visual function supporting the need for 
further clinical trials on gene therapy.

Description and clinical features

The German ophthalmologist Theodore Leber described this condition  rst in 
1869 as a pigmentary retinopathy with congenital amaurosis and 2 years later 
he recognized the familial nature of this condition. It is thought to be transmit-
ted as autosomal recessive condition most of the time, although cases of auto-
somal dominant transmission are known. Although rare (1/80,000) it is considered 
the most common genetic cause of congenital vision impairment in infants and 
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children. It consists 5% of all retinal dystrophies and 20% of children that attend 
school for the blind. The disease becomes evident at birth or shortly thereafter. 
The visual impairment is usually severe. Up to a third of the patients may have no 
light perception. Occasionally in the early stages a paradoxical visual improve-
ment may be noted, likely due to maturation and development of the central visual 
pathways. Nystagmus and photophobia is usually present and the pupillary reac-
tion is signi cantly reduced or absent. There is a characteristic oculo-digital sign 
(Franceschetti sign) with eye poking, pressing and rubbing. It is thought that this 
action is done so that the baby may experience some pressure related phos-
phenes. Some people believe that this behavior may predispose the child to the 
keratinous that is seen with this disease and to occasional enophthalmos from 
atrophy of the orbital fat. On clinical examination early on the retina may appear 
normal, however with time pigmentary changes may appear in the form of bone 
spicule or marbled fundus. Occasionally pseudo �“macular colobomas�” may be 
seen as a result of chorioretinal degeneration. The ERG is characteristically  at or 
severely diminished. Rarely developmental delay and mental retardation may be 
present. Carriers for this disease are usually asymptomatic, although some het-
erozygotes for the GUCY2D mutation may have mild dysfunction of the cone ERG 
signal but without any apparent vision interference.

Genetics

The disease is genotypical heterogeneous with at least 12 genes (GUCY2D LCA1), 
RPE65 (LCA2), SPATA7 (LCA3), AIPL1 (LCA4), LCA5 (LCA5), RPGRIP1 (LCA6), CRX 
(LCA7), CRB1 (LCA8), CEP290 (LCA10), IMPDH1 (LCA11), RD3 (LCA12), and RDH12 
(LCA13)) known to be associated with LCA. Together all these genes account for 
about 40-50% of all LCA. The two most well known are retinal guanylate cyclase 
(GUCY2D) and retinal pigment epithelium-speci c protein of 65kDa size (RPE65). 
Each one of these two genes account for about 5-10% of LCA cases. Besides ge-
netic heterogeneity of LCA, genetically related (allelic) disorders exists. That means 
that different mutations within each of the LCA-associated genes are known to cause 
other retinal dystrophies such as retinitis pigmentosa and cone-rod dystrophy.
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Treatment

Currently there is no effective treatment for LCA. However there is signi cant ex-
citement about gene therapy. Laboratory work in the naturally occurring Briard dog 
model of LCA that results from mutation in RPE65 has been encouraging enough 
that investigators proceeded with human testing. In the past few years two studies 
were published with the early phase I/II results in six humans subjects with LCA 
and RPE65 mutations. In both studies the gene for RPE65 was administered to 
patients with advanced diseases using an adeno-associated virus (AAV) vector 
into the subretinal space. They used AAV because it is considered to be non-infec-
tious. No signi cant in ammation or other adverse events were observed in these 
two studies, although follow up was limited to less than a year. Some minimal 
improvement of various visual function tests were observed, although the studies 
were designed mainly as safety monitoring studies. The preliminary results from 
these investigations suggest that at least for the short term, the procedure of AAV 
gene transfer appears safe. The data suggest potential ef cacy for this approach. 
All agree that more studies in the future are needed.
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New emerging concepts of treating retinal degeneration

Eberhart Zrenner, Germany
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I. Introduction

Hereditary retinal degenerations are among the most common reasons for blind-
ness, yet there is still no established therapy available. Remaining at the level of 
basic research for a long period,  rst steps have been made in recent years to take 
scienti c results into clinical applications and  rst trials in humans. Anyhow, more 
preclinical research is still needed in most forms of retinal degeneration. Due to the 
variety of retinal degenerative diseases, each type is likely to need its own type of 
treatment. Depending on the state of the diseased retina, different therapeutical 
approaches are explored if the photoceceptor isn�’t capable of ful lling its physi-
ological function, conversion of light into an electrical signal. Living cells, either in 
the case of absence of ability to produce all needed proteins, or at an earlier stage 
of the cell degeneration in progressive degenerative diseases, are targets of thera-
pies that enhance their function or prolong their life. Suitable approaches would be 
gene therapy and pharmaceutical therapies (neuroprotective therapies, visual cell 
modi ers or nutritional approaches) respectively. By contrast, if all photoreceptors 
are degenerated, possible treatment has to replace these cells (transplantation of 
mature photoreceptor cells or stem cells) or their function (optical photoswitches, 
prosthetic devices). Hence, the appropriate strategy has to be chosen depending 
on the type of the disease as well as their stage.

II. Treatment Strategies

A. Gene therapy

Mutated genes account for dysfunctional or missing proteins; therefore an obvious 
approach is to replace the defective gene with a normal copy of this gene. Once syn-
thesis of the protein works, the function of the photoreceptor cell is restored - provided 
that the photoreceptor cell itself is alive. Replacement of genes in recessive disorders 
(loss of function) is more promising, as the removal of �“toxic genes�” in dominant dis-
eases would be more complex. Of all organs, the eye is one of the most favourable 
for gene therapy. It has a small volume, so the required amount of vectors is relatively 
small, the transfection remains local and it is often affected by hereditary diseases. In 
animal models, gene therapy showed good results even in far progressed degenera-
tions. Gene therapy was not only able to stop or slow down the degeneration, it also 
enhanced visual function. Animal models with mutations in RPE65, an isomerise in 
the visual cycle, or lebercillin gene are treated with gene therapy, showing positive ef-
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fects over a long time period. First trials in humans startet 2 years ago in patients with 
a mutation in RPE65 gene, which showed some restored visual function. Other gene 
therapy trials in humans are planned in Stargardt�’s disease, Usher syndrome, Retino-
schisis and some forms of RP, since studies in animal models showed good results.

B. Pharmaceutical therapies

Neurotrophic factors
To prevent cell death of the photoreceptors, neurotrophic factors can be used to 
prolong their life. Examples would be CNTF (ciliary neurotrophic factor) or RdCVF 
(rod derived cone viability factor). To achieve a rescue effect, a suf cient amount 
over a longer period is needed. Cells producing neurotrophic factors are encap-
suled in a semi-permeable material, letting the factors permeate while protecting 
the cells. The capsule is then implanted into the eye where the factors can reach 
the photoreceptors. Currently, Neurotech is running trials with CNTF in RP patients.

Visual Cell Modifi ers
Visual cell modi ers intend to achieve replenishment of retinal, which is not 
synthesized properly by photoreceptors in some retinal diseases. A big advan-
tage compared to other therapies is that the application is oral and therefore 
no injection or surgery is needed. Clinical trials are running in patients with 
some types of LCA. Preliminary results look promising.

Nutrition / antioxidant therapy
Despite the controversy regarding vitamin A therapy, nutrition has to be con-
sidered in prevention and slowing down retinal degenerations. Like visual cell 
modi ers, oral application is a bene cial noninvasive possibility for such treat-
ments. Results in animal models of RP showed a reduction of the progression, 
a clinical trial is currently running in Spain.

C. Cell transplantation

Transplantation of adult photoreceptors
If photoreceptors are completely degenerated and gone, they have to be 
replaced. However, transplantation of adult photoreceptors of a donor eye 
showed that these cells although staying alive, do not suf ciently integrate into 
the host retina and therefore visual function shows no improvement. Animal 
studies showed only poor success, as did a trial in humans, where safety was 
reported good, but no validated study with signi cant improvement in visual 
function was reported so far. Further research with modi ed compounds or 
application regimens may turn out to be bene cial as reported in single cases.
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Stem cell transplantation
A more promising strategy is to use stem cells instead of adult cells, capable 
of differentiating into several different cell types after implantation, e.g. retina 
cells like photoreceptors. Albeit this could work in theory, there is much basic 
work to be done before it will be possible to selectively force them to differenti-
ate into the desired cell types. First success is reported by a company beeing 
able to produce retinal pigment epithelium cells from embryonic stem cells. 
However successful application in humans may be decades away.

D. Optical photoswitches

Another approach is to exploit other remaining cells in the retina to replace the 
function of the degenerated photoreceptors, i.e. to convert light stimuli into elec-
trical signals. This is achieved by insertion of a photosensitive protein (i.e. pho-
toswitch). This way, e.g. ganglion cells or bipolar cells, which remain alive e.g. in 
retinitis pigmentosa, can be made directly responsive to light and produce electri-
cal signals. By principle, the achievable resolution would be limited, but basic light 
reception could be possible. Photosensitive proteins may be derived from several 
animal or plant cells, an example would be the protein �“channel rhodopsin�” from 
chlamydomonas (a one celled algae). At the moment, this is still in an early stage 
of development and many issues have to be solved.

E. Electronic prosthetics

There visual pathway consists of 4 consecutively arranged neurons, and each one 
is a potential target for electronic prosthetics. While direct stimulation of the cor-
tex (4th neuron) or the optic nerve (3rd neuron) have the advantage in completely 
bypassing the eye, they are at a very early stage of development and far from 
delivering satisfying results. More promising at the moment are prosthetics di-
rectly connected  to the retina (1st and 2nd neuron). There are two different types, 
epiretinal and subretinal implants. Like the  rst two mentioned methods, epiretinal 
implants need a signal from an external camera. The captured image is processed 
and the signal is transferred to the implant (by wire or wireless), which stimulates 
the connected nerve cells or nerve  bers. Contrary, replacing only the photore-
ceptors with a subretinal implant is the simplest approach with the highest spatial 
resolution at the moment, as tested in the current clinical pilot trials. Exploiting the 
signal processing network of the remaining inner retina, almost no signal process-
ing and no external camera is needed. The downside however is, that the inner 
retinal layers have to be intact for such subretinal implants, fortunately this is the 
case in many retinal degenerative diseases. Several trials are running at the mo-
ment with epiretinal and subretinal implants, showing good results regarding both 
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function (the best results of our group in Tübingen led to a visual acuity of about 
20/1000 with capability of spelling words after many years of blindness) and bio-
compatibility.

III. Conclusion

Fully effective restoration of visual function or prevention of functional losses in 
progressive hereditary retinal dystrophies is still future, but we are getting clos-
er. More basic work has to be done for some of the approaches, like stem cell 
transplantation or photoswitches. Trials will show, if certain neurotrophic factor 
will prove effective for a larger group of heterogeneous retinal dystrophies, or if 
a mixture of several factors may be needed to achieve a signiticant effect. In cell 
culture, a combination of factors have proven to be very effective and several 
strategies are quite close to clinical application. Gene therapy looks promising 
as it shows restoration of visual function and long term positive effects, an will 
be tested in younger patients and more types of retinal degenerations. And, of 
course, electronic prosthetic implants show exciting results. In some completely 
blind patients, who were able to achieve reading ability. Long term biocompat-
ibility trials are running, and general availability of some of the approaches can be 
expected within the next few years.
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Pneumatic retinopexy

Slobodanka Latinovic, Serbia
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After 25 years from introduction by Hilton and Grizzard 1986 (1) in the United States 
and Dominguez in Spain1985 (2) , pneumatic retinopexy (PR)  has become an im-
portant surgical technique in the modern era of retinal surgical procedures for the 
repair of primary rhegmatogenous retinal detachments depending on the location 
and number of breaks, lattice degeneration, lens status and the patient�’s ability to 
cooperate. Basic surgical steps of this minimally invasive and low cost surgery for 
sealing the break and  attening a retinal detachment include: retinopexy of retinal 
breaks with cryotherapy or laser, intraocular gas injection before or after retin-
opexy, and maintenance of proper head posture by the patient for the required 
time period after surgery. With experience and better understanding of the proper 
retinal disease and basic principles of the procedure, the technique has evolved 
into a staged operation with many different variations of surgeons approaches 
providing the extension of indications. 

From many excellent review articles and chapters which have been written on 
pneumatic retinopexy and personal experience, we  nd this technique as sur-
geons primary choice, much more popullar as of ce-based procedure in the U.S. 
than in Europe. At least 60% of primary detachments in the United States appear 
to be managed in this fashion (3).

The purpose of this course is to outline the simplicity of the technique for urgent 
of ce-based pneumatic retinopexy, and provide an approach to variety of surgeon 
techniques and discuss importance of preoperative clinical examination and post-
operative follow-up, selection of patients and advantage and disadvantage for 
extending indications.

Strategy and Principal Techniques

Prior to any surgical  procedures, the surgeon must carefuly identify all retinal 
breaks caused by the retinal detachment and devise the precise strategy for treat-
ment: choice of gas, injection tehnique and maneuvre to prevent subretinal  uid 
extension to the attached retina, paracentesis, retinopexy, ect. Small peripheral 
retinal breaks and clauded media are more apropriate for kryopexy oposite to laser 
aplication for treating postequatorial retinal breaks.

The optimal outcome for repairing the retinal detachment depends on three cardinal 
steps: 1) induction of retinopexy around all retinal breaks with cryopexy or laser; 2) 
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intraocular gas injection;  and 3) consistent post operative head positioning for ap-
propriate gas tamponade to achieve closure of the retinal breaks. The order in which 
these steps should be performed is up to the surgeon, considering the preopera-
tive fundus  ndings and overall state of the patient. Before the surgery, it is crucial 
to make sure the patient understands the basic principles of the procedure and is 
willing to maintain a speci c head position for  ve or more days for ef cacy of pneu-
matic retinopexy. The patient is instructed to limit the phisical activity including read-
ing and watching television until the gas is absorbed, 7-10 days after the application.

Pneumatic retinopexy as one outpatient procedure is performed under topical an-
esthesia in sterile conditions in an examination of ce or in an operating room, 
using visual controle by operating microscope or by binocular idirect opthalmo-
scope. The proper  preoperative desin cation of  the eye, as well as postoperative 
application of, antibiotic corticosteroid and midriatics  is important  to prevent 
endophthalmitis  which occurs in less than 1%  after pneumatic retinopexy (4).

The procedure may be performed as one or two step tehnique. First kryo and than 
the gas injection in the same act (one step) or gas injection  rst, followed by kryo 
or laser after a certain period of time (two steps). The choice between these varie-
ties of pneumatic retinopexy procedure is often based on the fundus  ndings and 
visibility of retinal breaks (5).

In my experience as the  rst step, 0.3-0.5 ml of gas, most commonly sulfur hex-
a uoride (SF6), is administrated using a 27 or 30-gauge needle and is injected 
through pars plana, superior surgical 12 o�’clock  position or temporal approach. 
Optionally, anterior chamber paracenthesis is performed to prevent or to reduce 
the intraocular pressure. Intraocular  pressure immediately after surgery may be 
slightly elevated (21-25 mmHg), it normalizes after subretinal liquid resorption and 
requires postoperative IOP control. Intraocular gas bubble of applied SF6, for an 
emetropic eye doubles in size in 36 hours and covers 60 degrees of the retina sur-
face and remaines in the eye for 4-5 days, until it is completely absorbed after 7-10 
days. On the second day, in  at retina, laser or kryo are applied to seal the break. 
It could be a subject for discussion which procedure would be better for the best 
outcome, one or two step technique. Apply kryo to the detached retina before the 
gas injection in one step technique, or to the already  attened retina in two step 
procedure when the kryo might be less excessive.

Recently, Tornambe (6), as one of the most experienced in pneumatic retinopexy, 
has evolved his technique in not extensive RD , introducing scatter photocoagu-
lation as the  rst step. Laser is applied to attached retina between the posterior 
insertion of the vitreous base and the ora serrata, leaving a 1-clock-hour margin 
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between the border of the detached retina and the laser spots (laser indirect oph-
thalmoscope), to avoid potential new breaks. Cryopexy is then applied to de-
tached retinal breaks if they are not highly elevated. 1 to 3 days after the gas injec-
tion, scatter laser photocoagulation is completed around 360° of the peripheral 
retina which improves the single-operation success rate by 5 to 10% which then 
approaches 97%.

Indications and Contraindications

Indications for pneumatic retinopexy are single or multiple superior retinal breaks 
(above the 4-9 o�’clock line). Favorable conditions include phakic eyes, recent RD, 
no PVR. Negative prognostic factors include large retinal detachment, pseudo-
phakia, hazy vitreous or lens and extensive lattice degeneration in myopic eyes. 
Uncomplicated pseudophakia is not a contraindication if the view is adequate (7 ,8). 

Contraindications concernig the eye are inferior located breaks, break lager than one 
clock-hour, multiple breaks extending more than 3 clock-hours, signi cant traction on 
the retinal tears, glaucoma - risk of deterioration  of VF, cloudy media - poor identi ca-
tion of the breaks, chronic primary RD. Pneumatic retinopexy is also contraindicated if 
patient is unable to maintain adequate position and will not follow instructions. 

Advantages and Disadvantages

Advantages of PR compared to scleral buckling include shorter time of surgery, 
less in ammation, topical/local anaesthesia, of ce based surgery, better visual 
acuity and low cost. Complications described after scleral buckling such as ani-
somyopia (-2D), band intrusion/extrusion and ishemia are avoided. In terms of 
disadvantages, gas bubble may pull on the vitreous or retina what may result in 
bleeding and new tears also the subretinal  uid may shift to the macular area. 

Results 

The personal experience is concordant with published reports of success rate of 
pneumatic retinopexy in primary retinal detachment, shows updated average sur-
gical outcomes with the single-operation of 74.4%, and  nal operation successes 
of  96.1% after additional treatment.

Cases of retinal detachment which I treated with PR presented the  nal anatomic 
and functional success rate of 85% just after single operation, and 95% with addi-
tional surgery. Final visual acuity was signi cantly better after PR than after scleral 
buckling procedure (9,10).
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Conclusion

Pneumatic retinopexy has become an ef ciently important low cost surgical pro-
cedure for indicated retinal detachment. Patient selection and proper surgical 
technique are both important for outcome. Careful examination of  retina is crucial 
for decision whether to perform PR. Surgeons  have to be able to follow up the 
patient postoperatively and if necessary be prepared to operate within few days if 
the procedure fails. Reoperation  after failed PR do not reduce  nal  visual acuity.

1. Dominguez DA. Cirugia precoz y ambulatoria del desprendimento de retina. 
Arch Soc Esp Ottalmol. 1985;48:47-54. 

2. Hilton GF, Grizzard WS. Pneumatic retinopexy. A two-step outpatient opera-
tion without conjunctival incision. Ophthalmology. 1986;93(5):626-641

3. .D�’Amico D J, Changing Surgica Approaches for Retinal Detachment. Retina 
Today .2006;12-14

4. Wirostko, W J. ; Han, D P. ; Perkins, S L. Complications of pneumatic retin-
opexy Cur Opin  Ophthalmol 2000;11( 3) : 195-200. 

5. Conti S M,Kertes P J. An Approach to Pneumatic Retinopexy, Techniques in 
Ophthalmology: September 2007 - Volume 5 - Issue 3 - pp 107-120

6. Tornambe PE. Pneumatic retinopexy: the evolution of case selection and sur-
gical technique. A twelve-year study of 302 eyes. Trans Am Ophthalmol Soc. 
1997;95:551-578. 

7. Tornambe PE, Hilton GF, The Pneumatic Retinopexy Study Group. Pneu-
matic retinopexy. A two-year follow-up study of the multicenter clinical tri-
al comparing pneumatic retinopexy with scleral buckling. Ophthalmology. 
1991;98:1115-1123. 

8. Boker T, Schmitt C, Mougharbel M. Results and prognostic factors in pneu-
matic retinopexy. Ger J Ophthalmol. 1994;3(2):73-78. 

Literature



EUPO Course 2010 - Page 157

9. Ambler JS, Meyers SM, Zegarra H, et al. Reoperations and visual results after 
failed pneumatic retinopexy. Ophthalmology. 1990;97:786-790.

10. Chan K C, Lin S G.,  Nuthi A. S.D. , Salib D M. Pneumatic Retinopexy for 
the Repair of Retinal  Detachments: A Comprehensive Review (1986--2007) . 
Surv Ophthal 2008; 53 (5): 443-478

Slobodanka Latinovi  MD,PhD
University Department of Ophthalmology, 
Faculty of Medicine Novi Sad Serbia



Notes

Page 158 - EUPO Course 2010



EUPO Course 2010 - Page 159

Vitrectomy for RD

Haritoglou Christos, Germany

27



Page 160 - EUPO Course 2010



EUPO Course 2010 - Page 161



Page 162 - EUPO Course 2010



EUPO Course 2010 - Page 163



Page 164 - EUPO Course 2010



EUPO Course 2010 - Page 165



Page 166 - EUPO Course 2010

Christos Haritoglou, Germany



Notes

Page 167 - EUPO Course 2010



Notes

Page 168 - EUPO Course 2010



EUPO Course 2010 - Page 169

Intraocular foreign bodies
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A very important and challenging topic in ophthalmic traumatology is the manage-
ment of intraocular foreign bodies (IOFBs). Studies have reported that an intraocular 
body may be present in 14% to 45% of cases of penetrating injuries of the globe 1. 

Pars-plana vitrectomy is the recommended procedure for the removal of the IOFBs 2. 
Continued improvement in ocular microsurgery has enabled vitreoretinal surgeons 
to treat previously devastating injuries providing functional vision in many patients. 
There have been studies that have evaluated different preoperative, operative and 
postoperative variables for the visual prognostic value in cases with IOFBs.

A,B,C,D.: Four different cases of penetratic trauma with a metallic intraocular foreign body.

Diagnosis

It is very important for the clinical ophthalmologist to follow some rules in every 
case of an eye injury 3. An IOFB must be ruled out when a penetrating or perforating 
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injury is even suspected.  After visual acuity examination and clinical examination 
is completed (Slit lamp and indirect ophthalmoscopy, if this is possible), an x-ray 
must be performed even though, there is no strong history supporting the exist-
ence of an IOFB. A  CT scan must follow as a routine to rule out the existence of 
an IOFB. Ultrasonography must be avoided when an eye globe is open 2, 3.

MRI could be performed only when there is a strong suspicion of an IOFB existence, 
and the x ray and the CT scan have excluded the presence of a metallic IOFB 3.

Material of the IOFBs

Metallic and organic IOFBs must be removed from the eye, while plastic or glass 
IOFBs are considered to be inactive, well tolerated, and can be left in place. 

Iron or ferrous IOFBs, if they are not removed, oxidize in the eye and release ferric 
ions through the intraocular tissues, causing siderosis 2,3,4, a very serious condi-
tion. The iron molecules are stered intracellularly causing damage to the cell mem-
branes and inactivate useful cell enzymes. This condition leads to a progressive 
reduction of the electroretinogramme values and  nally blindness 2.

Chalcosis 2,3,4 is associated with retained cooper foreign bodies, which are ex-
tremely reactive, making this condition devastating and vision threatening. Acute 
chalcosis is caused by solid cooper, while chronic chalcosis is caused by intraocu-
lar bodies made of copper alloyed with another metal, situation that is less urgent, 
but still very serious. Both conditions demand prompt removal of the IOFBs 2. 

Surgical procedure

Vitrectomy is the procedure of choice 2,3,4 . Endomagnet for magnetic IOFBs, or 
special forceps for not magnetic ones are being used for their removal.

Timing of removal

There is a lot of controversy on this issue. There are two broad schools regarding 
the timing of the removal of the IOFB 5. The early school claim that vitrectomy and 
removal of the IOFB at the day of presentation, or primary repair and vitrectomy as 
a second procedure for the removal of the IOFB within 3 days reduces the risk of 
endophthalmitis and proliferative vitreoretinopathy (PVR) 6. The late school points 
out that the second procedure is better to take place within 7-15 days after the pri-
mary repair, when the posterior vitreous detachment of the usually young patient�’s 
eye will often occur spontaneously making vitrectomy easier and safer, without 
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the intraoperative risk of causing retinal breaks, retinal detachment, choroidal and  
vitreous hemorrhage 7,8. 

Complications

The complications are the same with the complications of all the trauma cases, plus 
the intraoperative complications of the removal of the IOFB, or the complications 
of retained IOFBs, such as in ammation, endophthalmitis, siderosis or chalcosis.

Incidence of endophthalmitis

The existence of an IOFB in a trauma case increases the risk of endophthalmitis to 
7%-15%. When the IOFB is organic the risk of endophthalmitis rises up to 25%-30%.

Visual prognosis 

The postoperative visual prognosis depends on the preoperative visual acuity, the 
existence of retinal detachment, endophthalmitis or other complications 1,7,9. The 
postoperative visual acuity in 50% of the cases can be 20/40 or better, in 30% of 
the cases is less than 20/200, while 20% of the cases have visual acuity of hand 
motions or worse 1,3,7.
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Epiretinal membrane (ERM) is the result of  broglial proliferation on the surface 
of the retina (1-3). It may occur as a primary idiopathic disorder of the posterior 
pole independently of speci c disease processes other than posterior vitreous 
detachment (4-7) or it can be associated with a variety of ocular diseases (8,9). The 
prevalence of idiopathic epiretinal membrane (IERM) ranges from 7.1% to 10.3% 
in the age group from 60 to 80 years old (10). Idiopathic epiretinal membrane,when 
it happens, affects one or both eyes of subjects over 50 years of age and both 
sexes are equally affected. Some reports showed a higher prevalence of IERM in 
female subjects but this did not reach statistical signi cance (11). The IERM may 
have a translucent or semitranslucent  broglial appearance or may be thick and 
opaque (macular pucker) with visual dysfunction varying from mild to severe (12). 
Eyes with thin IERM commonly maintain 20/50 visual acuity, while in cases with 
macular pucker the visual acuity is usually signi cantly affected and approaches 
the level of 20/200 (7,13).

The diagnosis of IERM or ERM has been mainly based on clinical appearance, 
biomicroscopy, fundus photography,  uorescein angiography (4,7,13) and optical 
coherence tomography (OCT). So far optical coherence tomography (OCT) has 
been used to describe the characteristics of the IERM (14) or to study the structure 
and function of the macula before and after surgical intervention for the removal of 
the epiretinal macular membrane (15-17).

OCT is a noninvasive, noncontact imaging instrument, which is capable of pro-
ducing high resolution cross sectional images of the retina (18-20). The technique  
contributed to the study of many retinal disorders and it has been extensively used 
in the quantitative assessment of macular edema (21-24).

The clinical characteristics of the IEMM vary according to the degree of the mem-
brane. D. Gass has proposed a classi cation scheme for epiretinal membranes.

Translucent membranes unassociated with retinal distortion are grade 0 (cello-
phane  maculopathy). Membranes that cause irregular wrinkling of the inner retina 
are grade 1 (crinkled cellophane maculopathy). Opaque membranes that cause 
obscuration of the underlying vessels and marked full-thickness retinal distortion 
are grade 2 (macular pucker).
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An asymptomatic patient may have a glinting, irregular light re ex caused by a 
subtle epiretinal membrane. These �“cellophane membranes�” usually do not have 
a distinct edge.

If the translucent membrane is more apparent, it can appear to cover the entire 
macula and even extend anteriorly beyond the vascular arcades.

However, the membrane can extend beyond the area of retinal striae.

In more severe and visually debilitating epiretinal membranes, vascular tortuosity 
can occur. If the membrane is centered distal to the macula, foveal ectopia can 
occur that causes complaints of diplopia. 

Occasionally, the epiretinal membrane lifts the sensory fovea off the retinal pig-
ment epithelium in a subtle, shallow, tabletop manner. Cystoid macular edema 
may be present. Studies have shown an especially high incidence (75 to 93%) 
of posterior vitreous detachment in cases where epiretinal membrane is present.

Evolution of IEMM in cases which were not operated have shown an increase of 
10.4% in the central foveolar point, ranging from a mean 311+84.3 (+SD) m at 
baseline to a mean 343.1+95.1 (+SD) m at the  nal examination as recent stud-
ies have shown (25). The measurements in this study were mainly based on the 
increase of the foveal thickness in the 1mm diameter central area, which is con-
sidered to be potentially more reliable (27).

In non operated cases OCT examination added some new information, which is 
related to the morphologic macular changes such as  abolition of the foveal pit 
changing pattern of the preexisting macular edema and intraretinal cystic spaces.

During the follow-up period automatic separation of the IERM from the retinal sur-
face rarely can occur. It is considered that the presence and increase of maculare-
dema during follow- up is an important factor in deciding whether to operateon a 
patient with IERM (39). Surgery has been advocated for IERM cases with VA 20/60 
or worse (40-45) or with VA 20/50 or better (46).



EUPO Course 2010 - Page 177

1. Michels RG. A clinical and histopathologic study of epiretinal membranes af-
fecting the macula and removed by vitreous surgery. Trans Am Ophthalmol 
Soc 1982; 80:580-656

3. Trese MT, Chandler DB, Machemer R. Macular pucker. I. Prognostic criteria. 
Graefes Arch Clin Exp Ophthalmol 1983; 221: 12-5

4. Fine SL. Idiopathic preretinal macular  brosis. Int Ophthalmol Clin 1977; 17: 
183-9

7. Wise GN. Clinical features of idiopathic preretinal macular  brosis. Schoen-
berg Lecture. Am J Ophthalmol 1975; 79: 349-7

8. Apppiah AP, Hirose T. Secondary causes of premacular  brosis. Ophthalmol-
ogy 1989; 96:389-92

9. Theodossiadis GP, Kokolakis SN. Macular pigment deposits in rhegmatog-
enous retinal detachment. Br J Ophthalmol 1979; 63: 498-506

10. Mitchell P, Smith W, Chey T, et al. Pprevalence and associations of epiretinal 
membranes. The Blue Mountains Eye Study, Australia. Ophthalmology 1997; 
104: 1033-40

11. Frasser-Bell S, Guzowski M, Rochtchina E et al. Five year cumulative inci-
dence and progression of epiretinal membranes: the Blue Mountains Eye 
Study. Ophthalmology 2003; 110: 34-40

12. Gass JDM. Macular dysfunction caused by epiretinal membrane contraction. 
In: Gass JDM, ed Stereoscopic Atlas of Macular Diseases, Diagnosis and 
Treatment (4 th ed.) St Louis Mosby, 1987; 938-45

13. Wiznia RA. Natural history of idiopathic preretinal macular  brosis. Am Oh-
thalmol 1982; 14: 876-8

14. Wilkins JR, Pulia to CA, Hee MR, et al. Characterization of epiretinal mem-
branes using optical coherence tomography. Ophthalmology 1996; 103: 
2142-51

References



Page 178 - EUPO Course 2010

15. Azzolini C, Patelli F, Codenotti M, et al. Optical coherence tomography in 
idiopathic epiretinal macular membrane surgery.Eur J Ophtyhalmol 1999; 9: 
206-11.

16. Hillenkamp J, Saikia P, Gora F, et al. Macular function and morphology after 
peeling of idiopathic epiretinal membrane with and without the assistance of 
indocyanine green. Br J Ophthalmol 2005; 89: 437-43

17. Niwa T, Terasaki H, Kondo M, et al. Function and morphology of macula be-
fore and after removal of idiopathic epiretinal membrane. Invest Ophthalmol 
Vis Sci 2003; 44: 1652-6

18. Baumann M, Gentile RC, Liebmann JM, Ritch R. Reproducibility of retinal 
thickness measurements in normal eyes using optical coherence tomogra-
phy. Ophthalmic Surg Lasers 1998; 29: 280-5

19. Chauman DS, Marshall J. The interpretation of optical coherence tomography 
images of the retina. Invest Ophthalmol Vis Sci 1999; 40: 2332-42

20. Pulia to CA, Hee MR, Lin CP, et al. Imaging of macular diseases with optical 
coherence tomography. Ophthalmology 1995; 102: 217-29.

21. Hee MR, Pulia to CA, Wong C, et al. Quantitative assessment of macular ede-
ma with optical coherence tomography. Arch Ophthalmol 1995; 113: 1019-29

22. Hee MR, Pulia to CA, Duker JS, et al. Tomography of diabetic macular edema 
with optical coherence tomography. Ophthalmology 19989; 105: 360-70

23. Massin P, Duguid G, Erginay A, et al. Optical coherence tomography for evalu-
ating diabetic macular edema before and after vitrectomy.Am J Ophthalmol 
2003; 135: 160-77.

24. Shaudig UH, Glaefke C, Scholz F, Richard G. Optical coherence tomography 
for retinal thickness measurement in diabetic patients without clinically signi -
cant macular edema. Ophthalmic Surg Lasers 2000; 31: 182-6

25. Theodossiadis P.G, Grigoropoulos V. G, et al. Evolution of idiopathic epiretinal 
membrane studied by optical coherence tomography. European Journal Oph-
thalmology 2008; 18: 980-988

27. Chan A, Duker JS.A standardized method for reporting changes in macular 



EUPO Course 2010 - Page 179

thickening using optical coherence tomography. Arch Ophthalmol 2005; 123: 
939-43

39. Do DV, Cho M, Nguyen QD, et al. Impact of optical coherence tomography on 
surgical decision making for epiretinal membranes and vitreomacular traction. 
Retina 2007; 27: 552-6

40. Crafoord S, Jemt M, Carlsson JO, et al. Long-term results of macular pucker 
surgery. Acta Ophthalmol Scand 1997; 75: 85-8

41. Grewing R, Mester U. Results of surgery for epiretinal membranes and their 
recurrences. Br J Ophthalmol 1996; 80:  323-6

42. McDonald HR, Verre WP, Aaberg TM. Surgical management of idiopathic 
epiretinal membranes. Ophthalmology 1986; 93: 978-83

43. Michels RG. Vitreous surgery for macular pucker. Am J Ophthalmol 1981; 
92:628-39

44. Pesin SR, Olk RJ, Grand MG, et al. Vitrectomy for premacular  broplasias. 
Prognostic factors, long-term follow-up, and time course of visual improve-
ment. Ophthalmology 1991; 98: 1109-14

45. Poliner LS, Olk RJ, Grand MG, et al. Surgical management of premacular 
 broplasias. Arch Ophthalmol 1988; 106: 761-4

46. Thompson JT. Epiretinal membrane removal in eyes with good visual acities. 
Retina 2005; 25: 875-82.

Associate Professor 
P. G. Theodossiadis
2nd Department of Ophthalmology
University of Athens 



Notes

Page 180 - EUPO Course 2010



EUPO Course 2010 - Page 181

Fundus imaging in ocular oncology

Leonidas Zografos, Switzerland

30

ABSTRACT

Various techniques of retinography,  uorescein and ICG angiography, OCT, and ultra-
sound examination are used for the diagnosis and the monitoring of intraocular tumors.

1. Imaging of the fundus 
Adult ocular oncology: 
Standard 60° retinography
Panoramic fundus photography (transillumination technique and laser 
scanning imaging)
Pediatric ocular oncology: Ret-Cam

2. Autofl uorescence 
Imaging technique, indications and contribution to differential diagnosis

3. Fluorescein angiography 
Standard technique (30° to 60°) and panoramic (150°  uorescein angiography)
Semiology and contribution to differential diagnosis

4. ICG 
Standard technique (30° to 60°) and panoramic (150°)
Semiology and contribution to differential diagnosis

5. OCT
Examination of the tumor surface and examination of the macula
Semiology and contribution to differential diagnosis

6. Ultrasonography
Posterior segment ultrasonography:
A-Mode ultrasonography
10 and 20 MHz B-Mode ultrasonography
Examination of the anterior segment:
20 MHz immersion ultrasonography and 50 MHz ultrasound biomicros-
copy (UBM)

L. Zografos, MD
Jules-Gonin Eye Hospital
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