Causes of visual loss in patients with uveitis.

Paul Muambi Buana Kabasele

University College of London

Institute of Ophthalmology and Moorfields Eye Hospital.




Submitted for the degree of MPhil
University College of London

2013

No

~
L -



For Nicole, with love.




All the work in this thesis was carried out at Moorfields Eye Hospital London.

This work has been supported by the Prisoners of Conscience bursary fund and supervised by

Professor Sue Lightman FRCOphth, PhD

And

Mr Simon Taylor MA PhD FHEA FRCOphth

~
IS
L -



Acknowledgements

First and uttermost, | would like to express my gratitude to Professor Sue Lightman for accepting me
in her department of clinical ophthalmology at the Institute of Ophthalmology and for her support
and guidance throughout. Many thanks to Simon Taylor who has co supervised this work by

providing vital and constructive critics.

Professor David Kayembe Lubeji has led my first steps in ophthalmology. | will always remember his

guidances.

Special thanks to my wife Nicole for her encouragements and my children Randy, Lydia, Eunice,

Myriam, Gad and Jonathan for their patience.

Here is the opportunity for me to say a big thank you to my parents, Pierre Muambi and Germaine

Mpinda for the values they have taught me from my childhood.

Thank you to my good friend Jean Claude Mwanza and wife Zoe, my cousin Kams Kamuabo; you
have been very supportive when | decided to embark on this programme. My brother Dr Kasongo
Kabasele has always been a role model for me, thank you Kas for your endless support. May | also

here remember my brothers and sisters, nephews and nieces.

Finally, | very much appreciate the sponsorship by Prisoners of conscience trust, a big thank you to

all the donors for their generosity. It is with their support that this project has been possible.

Beyond all human assistance, the almighty God has led my steps throughout and given me the

strength and courage needed to complete this work. To him be praise and honour.

~
g
L -



Declaration

| hereby declare that this thesis is my own work and that, to the best of my knowledge and belief, all

material which is not my own has been properly acknowledged.

Paul MB Kabasele

~
<)}
L -



“The eye is the lamp of the body. If your eyes are good, your whole body will be full of light. But if
your eyes are bad, your whole body will be full of darkness.” The Bible.
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Abstract

The last major study of causes of vision loss in 600 eyes with uveitis was published over 10 years ago
and there have been many advances in treatment over this time. In this thesis | undertook a study of
1594 patients (2593 eyes) with uveitis currently attending the clinic, 75% of whom were aged
between 24 and 63 years. The type of uveitis, sight threatening complications that developed and
treatment were followed from presentation to final follow up. At presentation, 16% of eyes had
BCVA < 6/18 (e.g. 6/18-6/36) and 14% of affected eyes had BCVA 6/60 or worse. At one year follow-
up, we found 11% of eyes with vision loss to 6/18-6/36 and 8% of eyes with severe visual loss or
blindness. In the group of eyes followed up for 10 years or more, 19% developed severe visual loss
or blindness and 16% developed vision loss to 6/18-6/36. Chronic macular damage was the main
cause of visual loss, accounting for both for visual impairment and for severe visual loss, accounting
for 41% and 36% respectively. Cystoid macular oedema accounted for 29% in visual impairment and
19% in severe visual loss or blindness. When classified by uveitis types, CMO was the main cause of
vision loss in intermediate uveitis (38%), glaucoma was the leading cause in anterior uveitis (32%),

and chronic macular damage accounted for 46.3% in panuveitis and 58.8% in posterior uveitis.

Additionally, | looked at the outcome and subsequent impact on vision of ocular surgery for cataract,
glaucoma and vitreo-retinal procedures. Visual prognosis after cataract surgery was favourable in
anterior and intermediate uveitis. Eyes which underwent glaucoma surgery had vision stabilised or
slightly improved over time. The mean log MAR BCVA prior to glaucoma surgery was 0.53+/- 60, and
0.31+/- 49 at final follow-up visit. (P= 0.012). There was no statistically significant improvement in
visual acuity in eyes which had undergone vitreo-retinal procedures. The mean logMAR BCVA were

1.1+/-0.82 and 0.87+/-0.80 respectively pre-operative and at last post- op visit. (P=0.28)

The 3rd main results chapter looks at patients presenting with retinal vasculitis who had ischemia
and the long term outcome for these eyes. Of the 106 eyes which developed ischemia, 24% had
vision loss to 6/18-6/36 at presentation, 23% of these had BCVA 6/60 or worse. Chronic macular
damage was the main cause of visual impairment and accounted for 36%, macular ischemia
accounted for 67% of severe visual loss or blindness. | found that in most eyes with ischemia, visual

loss developed early in the first 5 years and do not worsen with time.
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Chapter 1: Introduction

1.1 Anatomy of the eye

The eyeball is not a simple sphere but can be viewed as the result of fusing a small portion of a small,
strongly curved sphere with a large portion of a large, not so strongly curved sphere (Figure 1.1). The
small piece, occupying about one-sixth of the whole, has a radius of 8 mm (0.3 inch); it is transparent
and is called the cornea; the remainder, the scleral segment, is opaque and has a radius of 12 mm
(0.5 inch). The ring where the two areas join is called the limbus. Thus, on looking directly into the
eye from in front one sees the white sclera surrounding the cornea; because the latter is transparent
one sees, instead of the cornea, a ring of tissue lying within the eye, the iris. The iris is the structure
that determines the colour of the eye. The centre of this ring is called the pupil [1]. The
dimensions of the eye are reasonably constant, varying among normal individuals by only a
millimetre or two; the sagittal (vertical) diameter is about 24 mm (about one inch) and is usually less
than the transverse diameter. At birth the sagittal diameter is about 16 to 17 mm (about 0.65 inch);
it increases rapidly to about 22.5 to 23 mm (about 0.89 inch) by the age of three years; between
three and 13 the globe attains its full size. The eye is made up of three coats, which enclose the
optically clear aqueous humour, lens, and vitreous body (Fig.1.1). The outermost coat consists of the
cornea and the sclera; the middle coat (the uvea) contains the main blood supply to the eye and
consists, from the back forward, of the choroid, the ciliary body, and the iris. The innermost layer is
the retina, lying on the choroid and receiving most of its nourishment from the vessels within the
choroid, the remainder of its nourishment being derived from the retinal vessels that lie on its

surface[1].

Ciliary body Optic nerve

Figure 1.1 Anatomy of the eye.
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The ciliary body and iris have a very thin covering, the ciliary epithelium and posterior
epithelium of the iris, which is continuous with the retina.
Within the cavities formed by this triple-layered coat there are the crystalline lens, suspended by
fine transparent fibres-the suspensory ligament or zonule of Zinn-from the ciliary body; the aqueous
humour, a clear fluid filling the spaces between the cornea and the lens and iris; and the vitreous
body, a clear jelly filling the much larger cavity enclosed by the sclera, the ciliary body, and the lens.
The anterior chamber of the eye is defined as the space between the cornea and the forward
surfaces of the iris and lens, while the posterior chamber is the much smaller space between the
rear surface of the iris and the ciliary body, zonule, and lens; the two chambers both contain

aqueous humour and are in connection through the pupil.

1.1.1 The uvea.

The uvea is the vascular tissue surrounding the eye, lying between the corneoscleral shell
externally and the retina internally (Fig.1.1). It consists of three basic parts: the Iris, the ciliary body
and the choroid [2]. The functions of
the uvea include pupillary reactions, the formation of aqueous fluid and the supply of nutrition to

the eye. It also plays an important role in the immunological defence mechanisms of the eye [3].

The iris is made up of three layers. A compact arrangement of fibroblasts, melanocytes, and collagen
constitute the anterior and most superficial layer which terminates at the iris root peripherally,
except where spokelike extensions continue to Schwalbe’s line. The stroma (middle layer) consists of
pigmented and nonpigmented cells in a loose extracellular matrix of collagen and
mucoplysaccharides. It also contains a rich supply of blood vessels and nerves as well as the iris
sphincter muscle. The dilator muscle made of smooth muscle fibres and the pigment epithelium
composed of two layers apposed to each other apex to apex constitute the posterior layers of the

iris [4].

The ciliary body extends from the iris anteriorly to the ora serrata posteriorly and is divided into two
parts: The anterior portion (pars plicata or corona ciliaris) made of 70-80 meridional process that
secrete aqueous and the posterior portion (pars plana or orbiculus ciliaris) measuring 3.5-4mm in
length. The ciliary body contains two epithelial layers: the nonpigmented epithelium (NPE) which is
the continuation of the neurosensory retina anteriorly, and the pigmented epithelium (PE) which is
an extension of the retinal pigment epithelium. The NPE in the pars plana region is thought to be

responsible of the acid mucopolyssaccharide component of vitreous, while it is responsible for the
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secretion of aqueous in the anterior portion [5]. The capillaries within the ciliary process are
fenestrated. Thus the primary component of the blood-aqueous barrier is the zonula occludens at

the apical aspect of the NPE [6].

The choroid has a blood flow that is comparable only to that of the kidney. Therefore systemic
influences can be assumed to rapidly affect this portion of the eye. Hence, the large blood flow and
its anatomy act as a sort of trap for many blood-borne problems, most notably metastatic fungal
disorders. Indeed most fungal lesions begin as a choroiditis [7]. It has the capacity to function as a
repository for immunoreactive cells, in the extreme taking on the anatomic structure of a lymph
node (lymphoid hyperplasia). Therefore this organ can be the centre for profound immune
responses. The high concentration of mast cells in the choroid may be one mechanism by which
immunoreactive cells could spread to other parts of the eye. The mast cell's release of

immunoreactive factors could help T-cells egress and ingress from this compartment[8].
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1.1.2 The Retina

The retina is the tissue layer that converts light into visual signals transmitted to the brain.
This process is carried out by two major types of photoreceptors, rods and cones that are
distinguished by their shape, type of photopigment, retinal distribution, and pattern of synaptic
connections [9] (Fig.1.2). Photoreceptors consist of four major compartments: a photosensitive
outer segment containing highly packed disc membranes and the proteins required to initiate a
response to light, an inner segment (IS) where proteins and lipids are synthesised and energy
produced, a nuclear region, and a synaptic terminal that sends information to the second order
neurons in the retina [10]. The different architectures of photoreceptors’ outer segments (OS)
represent a major distinctive feature of these two cell types. Rods with their longer OS composed of
individualised discs unconnected to the ciliary plasma membrane contrast starkly with cones. The
latter features shorter OS that arise initially as invaginations with subsequent formation of a series
of discs (or invaginations), which are continuously connected to the membrane of the cilium that
extends over the length of the OS. Lack of rim formation is the reason for this open formation of
cone discs.[11] A striking difference between rod and cone circuitry is the degree of convergence.
Each rod bipolar cell is contacted by a number of rods, and many rod bipolar cells contact a given
amacrine cell (Fig.1.2). In contrast, the cone system is much less convergent. Thus, each retinal
ganglion cell that dominates central vision receives input from only one cone bipolar cell, which in
turn, is contacted by only a single cone. More convergence makes the rod system better detector of
light, because small signals from many rods are pooled to generate a large response in the bipolar
cell. However, such convergence also reduces the spatial resolution of the rod system. The one-to-
one relationship of cones to bipolar and ganglion cells is just what is required to maximize visual
acuity [9]. Proper functioning of photoreceptor cells requires a delicate balance of proteins, lipids,
and metabolites, which, if disturbed, can lead to retinal degeneration. To prevent the toxic effects of
accumulated photo-oxidative products, photoreceptor cells undergo a daily renewal process
wherein ~10% of their volume is shed and subsequently phagocyted by adjacent RPE. To maintain a
relatively constant length, the photoreceptor OS basally regenerates roughly the same volume of

cellular material each day [12].

The ganglion cell layer is constituted of at least three major classes of neurons. The smallest midget
ganglion cells comprise approximately 80% of these neurons, and the larger parasol ganglion cells
approximately 10%. The axons of the ganglion cells constitute the nerve fibre layer (NFL). Exiting the

eye at the optic disc, these axons form the optic nerve (the second cranial nerve) and synapse in the
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midbrain. The whitish appearance of the optic nerve head is due to the myelin sheath that covers
these axons as they leave the eye[13]. Within the central area, ganglion cell densities reach 32,000-
38,000 cells/mm? in a horizontally oriented elliptical ring 0.4-2.0 mm from the foveal centre. In
peripheral retina, densities in nasal retina exceed those at corresponding eccentricities in temporal

retina by more than 300%; superior exceeds inferior by 60%[14].

The RPE is a monolayer of cells that perform many functions vital for retinal preservation [15-17].
The apical membrane of the RPE lies adjacent to the OS of photoreceptor cells, whereas basolateral
membrane contacts the Bruch’s membrane [18]. The retina is
exposed to high levels of light throughout the day, which, if unabated could lead to damaging photo-
oxidative reactions and ultimately to retinal degeneration. The RPE has evolved several strategies to
prevent these noxious effects. Light filtration by the RPE pigments functions as a preventive
mechanism against photo-oxidation, high levels of antioxidants expedite either enzymatic or non-
enzymatic removal of resulting chemically reactive species, and RPE cells also can repair
considerable damage to DNA, proteins, and lipids. In addition to its role as a protective barrier, the
RPE transports nutrients and ions between the retina and the choriocapillaris. The RPE conveys new
retinoids from the bloodstream and is absolutely required for the regeneration of 11-cis-retinal in a
process referred to as “visual cycle” [19, 20]. Lipofuscin is an autofluorescent cellular waste product
that cannot be degraded or removed from cells. Lipofuscin in the retina, formed from the
condensation of two molecules of all-transretinal and one molecule of phosphatidylethanolamine, is
believed to accumulate because of incomplete digestion of OS in the RPE [21, 22]. Once in the RPE,
lipofuscin is converted to the photo-inducible free-radical generator A2E, a pyridinium bisretinoid
toxic to RPE cells. Because RPE cells are post mitotic, they cannot dilute A2E by simple cellular
division, so progressive build-up of A2E occurs within the cell. Indeed, one damaging effect of A2E is
inhibition of phagolysosomal degradation of OS by the RPE [23, 24]. Additionally, oxidized low-
density lipoproteins (oxLDL) inhibit the breakdown of OS in the RPE by delaying the maturation of
RPE phagosomes [25, 26]. OS renewal is a tightly regulated process, with the RPE challenged daily by
a new batch of phagocytised OS. Breakdown in the ability of this cell layer to efficiently degrade
these products would eventually lead to a build-up of undigested lipids and proteins within the RPE,
resulting in further production of compounds like A2E. Such excessive accumulation of photo-
oxidized products in the RPE is believed to be an underlying cause of degenerative retinal diseases
such as age-related macular degeneration. However, an alternative hypothesis is that all-trans-
retinal is a toxin, whereas A2E represents a product of de-toxification [27]. It has been estimated
that each RPE cell phagocytes hundreds of thousands of OS discs over a human lifetime. Retinal

health requires important interactions between photoreceptors cells, responsible for collecting and
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processing visual stimuli, and the retinal pigment epithelium [12].

It is established that the human visual system presents a higher sensitivity to light beams
entering the eye near the centre of the pupil than to those entering near the edge of the pupil. This
effect is known as the Stiles-Crawford effect of the first kind (SCE I) [28]. The outermost aspect of a
photoreceptor, the outer segment, contains a photo pigment that absorbs light, converting it into
electrical activity. Outer segments form a distinct retinal layer. Photoreceptor inner segments, which
contain many of the organelles of these cells, excluding their nuclei, also constitute a distinct retinal
layer. Rods and cones synapse on retinal bipolar cells, which feed into retinal ganglion cells. This
photoreceptor = bipolar cell-> ganglion cell arrangement reflects the feed forward or centripetal
nature of retinal organization[13]. There are also lateral interconnections that provide for the
horizontal transmission of retinal information. In addition to the feed forward and lateral
interconnections, there is feedback transmission of information[13]. A
vascular network covers the retina, except in what is referred to as the foveal avascular zone, a
region that is larger than the foveola, but smaller than the fovea. This adaptation prevents the
scattering of light by retinal vessels, maximizing visual resolution provided by the fovea. Metabolic

nourishment for (and nonfoveal) cones is provided by the choroid[13].
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Figure 1.2 Photoreceptors arrangement in the retina[9]

Rod and cone photoreceptors are displayed in a cross-sectional depiction of the retina also showing

connections of these photoreceptors to retinal pigment epithelium distally and relaying cells
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(bipolar, horizontal, amacrine, ganglion) proximally. Electron microscopic images are shown of a ROS

(A) and a COS (B).

The rod structure has a longer outer segment with discs packed without connections to the ciliary
membrane, in stark contrast to the COS discs that are continuously connected by the ciliary
membrane.

Temporal to the optic disc is the fovea, a specialized retinal region of highly developed visual acuity.
A number of anatomical features distinguish the fovea. To maximize vision, neural elements of the
inner retina are pushed aside to allow light to fall directly on the photopigment-containing outer
segments of cones. This creates a depression or pit with gently sloping borders that is approximately
5 degrees in diameter, approximately the same size as the optic disc. (Figurel.3) The bottom of the
pit, the foveola, subtends a visual angle of approximately 1.2 degrees. Cones are the only
photoreceptors found in the foveola, where they have a density greater than in any other region of

the retina.

Figure 1.3 OCT showing normal foveal pit.

The mechanism of photoreceptor alignment remains a question without definite answer.
The common hypothesis is that this alighnment is governed by a phototropic mechanism that actively
orients the photoreceptors’ axes toward a point close to the pupil centre [29]. Eckmiller et al. [30]
proposed a model for photoreceptor alignment whereby light absorption in the outer segment (OS)
causes fast membrane and slower cytoplasmic changes that spread from the OS to the myoid, where
thy activate feedback-controlled motor functions by cytoskeletal elements (microtubules and
microfilaments) to produce a differential local bending that adjusts photoreceptor orientation.
Marcos and Burns proposed the alternative hypothesis that the eye’s optics and photoreceptors
could act as an optimal instrument. They measured the wavefront aberrations and cone
directionality function in 24 eyes of 12 subjects and found that although for some eyes the
maximum of cone directionality corresponded to the pupil area of best optical quality, this was not

general rule. They concluded that in general the ocular optics and cone alignment do not develop
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toward an optimal optical design [31].

Using a high-resolution adaptative optics scanning laser ophthalmoscope, Chui et
al.[32]demonstrated that in terms of cones per square millimetre, there is a systematic decrease in
cone packing density with increasing axial length. They found that cone photoreceptor packing
density was significantly lower in myopic eyes than in emmetropic eyes. The density decreased from
27,712 cells/mm? to 7,070 cells/mm? from a retinal excentricity of 0.30 to 3.40 mm along the
superior meridian, although more than 20% of the variance could be accounted for by differences in

axial length.
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Figure 1.4 Distribution of photoreceptors in the eye [9].

Overall, rods outnumber cones by a ratio of 20:1 in the retina. However, in the fovea, the cone

density is the highest and is correlated with visual acuity.

1.1.3 Ocular barriers.

The blood- ocular barrier system separates the interior portion of the eye from the blood
entering the eye. (Fig.1.5). Of the two blood-ocular barriers, the blood-aqueous barrier (BAB)
regulates exchanges between the circulating blood and the aqueous humour, and the blood-retina
barrier (BRB) regulates exchanges between the circulating blood and the neural retina [33]. At the

blood-ocular barriers, unique distribution of plasma membrane transporters is required to
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efficiently supply nutrients to the interior portion of the eye and remove endobiotics and

xenobiotics from the same interior portion [34].

The BAB is closely associated with the secretion of aqueous humour. The regulatory role of the BAB
is mainly controlled by the ciliary epithelial bilayer consisting of the pigmented ciliary epithelial (PE)
layer facing the ciliary stroma and the non-pigmented ciliary epithelial (NPE) layer facing the
aqueous humour [33]. Neighbouring cells between the PE and NPE layers are coupled by

intercellular gap junctions, thereby, forming a functional syncytium[35].

The BRB plays a primary role in providing a controlled environment of the neural retina, which
underpins highly regulated neurotransmission. The retina has two areas of interaction with the
blood circulation and thus the BRB consists of two parts, the inner and the outer BRB (Figure 4). The
blood supply to the inner two-thirds of the retina comes from the retinal circulation. The choroidal
circulation nourishes the outer third of the retina [36]. Unlike retinal capillaries, the vasculature of

the choroid has a high blood flow and leaky walls [37].

Because of the continuous diffusional exchanges between blood, ocular tissues, and intraocular
fluids, almost any condition that affects the eye or has a marked effect on the blood composition or
flow can be expected to have some influence on the blood-ocular barrier system and on the
composition of the intraocular fluids [33]. One of the main reasons for the existence of the entire
blood-ocular barrier system is to preserve and protect retinal function. It keeps the retina
dehydrated in order to maintain its transparency to light. The consequences to the eye of a
breakdown of the blood-ocular barrier system are many, depending on the location of the
breakdown and the structure involved. Relatively minimal alterations of the BRB may result in a
abnormal passage of fluids into the retinal extracellular space and cause retinal oedema, hence lead

to visual impairment [33].
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The interior portion of the eye is separated from the circulating blood by two blood-ocular

barriers systems, the BAB and BRB. The BAB consists of ciliary NPE cells and iridial capillary

endothelial cells. The BRB consists of retinal capillary endothelial cells (inner BRB) and RPE cells

(outer BRB). The aqueous humour is secreted through ciliary NPE cells into the posterior chamber,

passes through the pupil into the anterior chamber and then spreads peripherally toward the angle

of the anterior chamber. Aqueous humour is mostly drained from the anterior chamber angle either

through the trabecular meshwork into the Schlemm’s canal and aqueous veins (conventional

pathway) or through the ciliary muscle into the suprachoroidal space (unconventional pathway). A

part of the aqueous humour is cleared by passing through the vitreous humour and the retina. [28].
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1.2 Pathophysiology of uveitis

Uveitis refers to the inflammation of the uvea. It comprises a very diverse group of entities
resulting from a variety of causes. This inflammation may lead to significant visual loss [38].
Inflammatory diseases of the eye were known to the ancients, but only recently have the underlying
mechanisms to this problem become better defined. During the middle portion of the last century,
most cases of uveitis were thought to be caused by infectious agents, such as those responsible for
syphilis and tuberculosis. Since then, it has become clear that endogenous mechanisms of immune-
modulation play an important role in these disorders, which along with the environmental and
genetic factors make up an important triad [2].

It is now established that ocular inflammation is mediated by activated CD4+ T cells.  These cells
play a central role in the immunogenic mechanisms. When infiltrating the eye, they are harmful to
vision-related cells and tissues and cause sight threatening conditions [39]. However, the eye has a
unique regional immune system which protects intraocular tissues from these pathogenic activated
CD4+ T cells and contributes to the homeostasis of the intraocular microenvironment [40]. The eye is
an excellent example of immune privilege site. This organ enjoys immune privilege to protect it from
destructive inflammation that may impair vision [41]. The ocular microenvironment is both
immunosuppressive and anti-inflammatory. Cultured ocular pigmented epithelium (PE) cells from
the iris, ciliary body, and retina can individually suppress T-cells activation via mechanisms that
partially overlap [42]. The blood-retina barrier and a special feature named anterior chamber
associated immune deviation (ACAID) constitute the immune privilege mechanism which protects
the eye from destructive effects of an intraocular cell mediated immune process. These special
defence mechanisms contribute to the preservation of vision[43]. Also, we know that the ocular
microenvironment is rich with immunosuppressive molecules that influence the activity of immune
cells. Many soluble immunomodulators are found in aqueous humour, and are a mixture of growth
factors, cytokines, neuropeptides, and soluble receptors. The mechanisms of ocular immune
privilege induce apoptosis, promote the production of anti-inflammatory cytokines, and mediate the
activation of antigen-specific regulatory immunity. These mechanisms of immune privilege also
attempt to impose themselves upon immunity within the uveitic eye [44].

It is generally assumed that this property is severely compromised or eliminated when the
inflammation is present within the eye [43]. Tissue damage in uveitis is caused by various chemical

mediators  derived from either plasma proteins or inflammatory phagocytic
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cells, Polymorphonuclear cells (PMNs), and macrophages. These mediators include arachidonic acid

metabolites, proteolytic enzymes, and possibly oxygen metabolites [45].

In addition to the uveitogenic antigens resident in its layers, the retina, being an “extension of the
brain”, makes it particularly prone to certain neurotropic organisms. Examples include Toxoplasma
gondii and many viruses of the herpes family, which \have the propensity for central nervous system
tissue. It is also important to remember that under normal circumstances the retinal vasculature has
tight junctions; thus it is being impermeable to many molecules. Any perturbation, such as an
inflammatory one, that alters this permeability can result in a profound change in retinal
functioning. It is interesting to speculate that because the retina maintains a high degree of
oxidative metabolism, the potential for the generation of oxygen radicals may lead to
autotoxicity[8]. Reactive oxygen metabolites (oxygen free radicals) released by PMNs and
macrophages are believed to play an important role during initial phase of inflammation [46],[47].
These free radicals are found to be potent cytotoxic agents that readily cause tissue damage by
peroxidation of lipid cell membranes. Recent studies of experimental uveitis indicate that other
potent oxidants are generated in uveitis by macrophages[48]. One of these is ONOO-, which is
formed from *NO preferentially in the outer retina following iNOS expression. In these phagocytes,
outer retinal proteins, especially arrestin are found to be iNOS inducers. Current studies of RPE show
that these cells protect the retina from ONOO- mediated damage in uveitis by releasing a novel
protein called retinal pigment epithelial protective protein (RPPP). This protein is found to suppress
0O(-)2 and *NO generation by the phagocytes, both in vitro and in vivo uveitis models [48]. The pro-
inflammatory cytokines interleukin (IL)-1beta, IL-2, IL-6, interferon-gamma and tumour necrosis
factor-alpha have all been detected within the ocular fluids or tissues in the inflamed eye together
with others, such as IL-4, IL-5, IL-10 and transforming growth factor-beta. The chemokines IL-8,
monocyte chemoattractant protein-1, macrophage inflammatory protein (MIP)-1alpha, MIP-1beta
and fractalkine are also thought to be involved in the associated inflammatory response [49].
Determining the levels of IL-2, -4, -5, -10, TNF-alpha, and IFN-gamma in aqueous humour from
patients with panuveitis and anterior uveitis, Ooi et al.[50]found that IFN-gamma is elevated in
active uveitis and IL-5 is decreased in posterior. Perez et al.[51]reported elevated IL-6 in the vitreous
of patients with active intermediate and posterior uveitis. Cytokines in aqueous humour of infectious
uveitis are locally produced, whereas in non-infectious uveitis, IFN-gamma is produced both in the

eye and the peripheral blood [52]. IL-6 is responsible for causing ocular inflammation, and it is, at
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least partially due to IL-6-dependent Th17 differentiation, a recently discovered IL-17 producing
helper CD4" T-cell subset [53, 54].

Th-17 constitutes a Th cell lineage distinct from Th1 and Th2 cells, and plays a crucial role in several
autoimmune diseases by mediating tissue inflammation [55].

IL-17 stimulates IL-17R-expressing cells, and these cells in turn induce the secretion of IL-6, IL-8,
PGE2, MCP-1 and G-CSF, causing chronic inflammation [56].

IL-23 has been reported to be responsible for TH17 expansion and crucial for development of
autoimmune inflammatory diseases [57, 58].

New studies comparing cells in ocular fluids taken from inflamed eyes with different types
have shown a difference in the cytokine profile, so that in visually benign disease interleukin 10
levels are higher than in those which are blinding [59]. Verma et al.[60] found that the concentration
of chemokines: IL-8, interferon-inducible protein 10(IP-10), monocyte chemoattractant
protein(MCP-1), regulated on activation, normal T-expressed and secreted (RANTES) and
macrophage inflammatory protein-1 beta (MIP-1 beta) were significantly increased during the active
stages of AU, and correlated with the clinical severity of the disease. These chemo-attractant
cytokines probably play a critical role in leukocyte recruitment in acute AU.

Macrophage migration inhibitory factor (MIF) was originally discovered as a T lymphocyte
derived factor to inhibit macrophage migration [61]. This pro-inflammatory pituitary and
macrophage cytokine is capable of overcoming glucocorticoid mediated inhibition of cytokines, such
as tumour necrosis factor a (TNF-a), interleukin (IL)-1R, IL-6, IL-8, and interferon » (IFN-¥) [62, 63].
Although the function of MIF in the eye has not been well studied, Apte et al.[64]demonstrated that
MIF shared more than 90% homology with the factor in the aqueous humour which inhibited natural
killer (NK) cell mediated lysis of corneal endothelial cells. In patients with uveitis, serum levels of MIF
were significantly higher than those in healthy control [65]. Evidences from the work byTaguchi et
al.[66]show that aqueous humour and vitreous fluid of patients with uveitis contained significant
levels of MIF, and these levels correlated with activity of intraocular inflammation. The authors
suggested that intraocular infiltrating cells are upregulated much more actively than PBMC in terms
of the capacity to produce MIF.

The explanation for why some patients develop chronic uveitis whereas others have a
recurrent self-limiting type of uveitis is unknown. The development of chronicity is not due to
inadequate treatment, is unrelated to HLA-B27 and it is likely that host factors are important
determinants. Patients with chronic anterior uveitis (CAU) vary in their clinical phenotype. Some
develop complications such as cataract, glaucoma and cystoid macular oedema, but others do not

[67]. Idiopathic acute anterior uveitis (AAU), in which there is often a severe inflammatory response
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in the anterior chamber is the most common type that occurs in the general population. The
disease’s severity and course vary between individuals, and some patients have ocular complications
that can threaten sight [68]. Neutrophil gelatinase-B associated lipocalin (Lcn2/NGAL or NGAL) is a
21-kD protein of the lipocalin superfamily. NGAL is siderophore-binding antimicrobial protein that is
upregulated in epithelial tissues during inflammation and seems to play an important role in this
process [69]. This protein plays a cytoprotective role by transporting iron into cells, developing
antioxidant activity and reducing apoptosis. NGAL is a potent inducer of heme oxygenase-1 (HO-1)
and superoxide dismutase (1,2; SOD) [70]. Salom et al. [68] found elevated levels of NGAL in
aqueous humour of patients with idiopathic AAU. These findings imply that NGAL is associated with
the regulation of inflammation in AAU. In addition, NGAL is strongly upregulated by interleukin (IL)
1-beta [71], and TNF-a in the presence of IL-17 [72], and increased levels of IL-1 have been observed

in AAU [73].

In Sympathetic ophthalmia (SO), the loss of vision in the absence of recognizable retinal damage and
inflammatory cell infiltration within the retina and choriocapillaris has been an enigma. Parikh et al.
[74]demonstrated that in SO, photoreceptor mitochondrial oxidative stress occurs in the absence of
leukocytic infiltration of the retina and may lead to photoreceptor apoptosis and subsequent vision

loss.

1.2.1 Immune response mechanisms in uveitis.

Accumulating evidence shows that the immune response may be a predominant mechanism
involved in the development of various uveitis entities [75]. Inmune responses have been classically
divided into innate and adaptive according to the speed and specificity of the reaction. Innate
immune responses act as the first line of defence against infection in every part of our body,
including the uvea. [75]. Apparently, innate immune responses play an important role in uveitis
induced by infections, such as uveitis caused by toxoplasmosis, tuberculosis, syphilis and Lyme
disease. Furthermore, evidence from a number of clinical and experimental studies has also
implicated a potential role of innate immune responses to some bacteria and its products in the
pathogenesis of several immune-mediated, non-infectious uveitis entities with systemic
involvement, including ankylosing spondylitis, sarcoidosis, and Behget's disease [76-78].

Antigen-presenting cells (APCs) are the critical components of the innate immune response
system. These cells can bind to and take up microbial agents and their products by a variety of

receptors. APCs can subsequently degrade microbial products or autoantigens to form small
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polypeptide fragments and present these polypeptides to the surface of APCs in association with
human leukocytes antigens (HLA) [75]. Several autoantigens have been identified as potential

triggers for autoimmune uveitis [79-81].

1.2.1.1 Factors involved in the innate immune response.

Toll-like Receptors.

TLRs, a family of transmembrane receptors, are among the most important genes involved in innate
immunity. Ten TLRs have been described to date in humans which recognize microbial components
at the cell surface or endosome [82]. Recognition of pathogen-associated molecular patterns
(PAMPs) by these receptors on APCs is able to induce the expression of various pro-inflammatory
cytokines, chemokines, co-stimulatory molecules, and MHC molecules. Therefore, these APCs can
initiate a rapid host defence against the invading pathogen. Meanwhile, these APCs acquire the
ability to activate naive CD4+ T cells and induce their differentiation into Thl, Th2, or Th17 cells. In
this way, TLRs may also have an effect on adaptive immune responses. When the activated T cells

are self-antigen specific, autoimmune responses may ensure [83-85].

NOD | and NOD2.

The NOD proteins NOD1 and NOD2 are members of the NACHT ( domain present in NAIP, CIITA,
HET-E, and TP1)-LRR(leucin-rich repeat) family and they are encoded by the caspase-recruitment
domain (CARD) 4 gene and CARD 5 gene respectively [86]. Both NOD1 and NOD2 are composed of
three domains: a C-terminal LRR domain involved in ligand recognition, a central NOD domain with
ATPase-activity-mediated self-oligomerisation, and an N-terminal CARD domain [86]. Watanabe et
al. [87, 88] found that NOD2 deficiency may lead to markedly higher IL-12 production and enhance
Th1 responses [89]. However, NOD2 was also found to upregulate production of IL-8, TNF, IL-1R, and
IL-10 from APCs mediated by TLRs.

~
w
co

L -



Introduction

1.2.1.2 Factors involved in the adaptive immune response.

HLA Complex.

Antigen recognition is the foundation of all adaptive immune responses. In humans, the capacity of
adaptive immune response to an antigen is genetically determined by products of the HLA system.
HLA molecules, which are located on chromosome 6 and divided into three classes (class I, II, and lll),
are highly polymorphic and function as molecules that are capable of presenting antigens. After
APCs degrade antigen into peptides, they present these peptides on their surface via HLA molecules.
CD4+T cells recognize the peptide HLA complexes by their T-cell receptors (TCRs), which lead to their
activation. Thus, appropriate adaptive immune responses are initiated by CD4+Tcells. Co stimulatory
signals, such as CD28, are necessary for T- cell activation [75]. The association between the HLA-B27
serotype and anterior uveitis was one of the first identified associations between HLA genes and
human disease [90]. HLA-B27 seems to be just one of multiple factors involved in HLA-B27 —
associated anterior uveitis, since only about 1% of HLA-B27-positive individuals develop anterior
uveitis in their lifetime [91]. Specific HLA alleles do not directly cause uveitis and the real causes
for the association between HLA genes and human diseases remains unknown. Up to now, HLA
genes have been shown to be associated with a number of uveitis entities including birdshot
choroidopathy (HLA-A29), Behget's disease (HLA-B51), Vogt-Koyanagi-Harada syndrome (HLA-
DR1/DR4/DRw53), tubulointerstitial nephritis syndrome(TINU)-(HLA- DRB1*0102), sympathetic
ophthalmia (HLA-DRB1*04) [92-94].

Co- stimulatory Molecules.

The specific peptide-HLA-TCR interaction is not sufficient to fully activate the T- cell, and co
stimulatory signals must be present on the same cell. The most potent co stimulatory signals are
mediated by a CD28-B7 interaction. These two molecules are expressed on T- cells and dendritic
cells respectively. The CD28-B7 interaction has been shown to prolong and augment the production

of IL-2 and to prevent the induction of tolerance [75].
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Investigating the association of CTLA-4 gene polymorphisms (-1661A/G; -318C/T; +49G/A, and CT60)
with Behcget’s disease and VKH syndrome in Chinese patients, Du et al[95] reported that the
frequency of the G allele at the +49 site and the frequency of haplotype-1661A:318C:+49G: CT60G

were significantly higher in patients with VKH syndrome than that observed in healthy controls.

1.2.1.3 Immune response factors contributing to the susceptibility to uveitis.

Tumor Necrosis Factor (TNF).

In addition to HLA genes, a variety of immune response genes have been shown to be located in HLA
gene region. TNF is a multifunctional proinflammatory cytokine located in the HLA gene region. TNF-
a is believed to play a pivotal role in Thl-mediated diseases, such as Behget’s disease [75]. Although
earlier studies did not support that some polymorphisms in the TNF promoter region played a role in
the susceptibility to Behget’s disease [96-98], Ahmad et al. [99] reported that the TNF-1031C allele is
independently associated with susceptibility to Behget’s disease in Caucasian patients. These

findings have been confirmed by studies in patients from Turkey, Tunisia and Korea [100-103].

MHC Class | Polypeptide-related sequence A (MICA).

Mizuki et al.[104] reported that the (GCT/AGC)(6) allele of microsatellite polymorphism in MICA
gene was present in all HLA-B51-positive patients and in an additional 13 HLA-B51- negative
patients, suggesting the possibility of primary association of Behget’s disease with MICA rather than
HLA-B. This association of MICA polymorphisms with uveitis was implied in subsequent studies [105,
106]. Wallace et al.[107] found that MIC 009 allele was more prevalent among patients compared
with controls. Their data also indicated that both MIC-A*009 and the triplet repeats polymorphism
of MICA were in strong linkage disequilibrium with HLA-B51; they are unlikely to be susceptibility
gene for Behget’s disease, but may be markers for additional risk factors. Subsequently, a study
performed on three populations also indicated that the pathogenic gene of Behget disease id HLA-

B51 itself and not other genes located in the vicinity of the HLA-B region [108].
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Interleukin (IL)-1

IL-1, a potent pro-inflammatory cytokine, has a critical role in autoimmune diseases, such as
Behget’s disease. The polymorphism of IL-1 gene cluster has also been studied in certain uveitis
entities [75].  Karasneh et al.[109] investigated the association of IL-1 gene cluster polymorphisms
with Behget’s disease and found that IL-1A-889C and IL-1B+5887T haplotype contributed to the
susceptibility to Behcet’s disease. Other studies have recently also shown an association of an IL-1
polymorphism with the chronicity and complications of anterior uveitis and the recurrence of

toxoplasmosis retinochoroiditis [67, 110].

1.2.1.4 Chemokines.

Chemokines are chemotactic cytokines playing a critical role in cell migration during immune
surveillance and inflammation. More than 50 human chemokines have been described and are now
separated into four families (CXCL, CCL, XCL, and CX3CL). Several studies have demonstrated that
neutrophils and chemokines are involved in uveitis through directing the migration and infiltration of
leukocytes to the uveal sites [75]. A gender-specific association of CCL2 and CCL5 polymorphisms
with Behget’s disease has been reported by Chen et al [111]. Wegscheider et al.[112] demonstrated
that the frequency of CCL-2518G was significantly higher in patients with HLA-B27 AAU than in HLA-
B27 positive controls. Other studies have shown that MCP-1 polymorphisms were associated with
idiopathic anterior uveitis and posterior uveitis [113, 114]. The clinical outcome of many
autoimmune diseases including different forms of intraocular inflammation appears to be influenced

by the balance between inflammatory and down-regulatory cytokines[115],[116].
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1.3 Classification of Uveitis.

In 2008, the International Uveitis Study Group (IUSG) designed a simplified, clinical classification

system based on aetiological criteria. It has 3 main categories, as followed:

e Infectious (e.g., bacterial, viral, fungal, parasitic). Infectious agents such as toxoplasma
gondii, herpes virus, Syphilis, CMV, HIV, onchocerciasis are well recognized [117],[118].

e Non-infectious (e.g., known systemic association, no known systemic association). In the
majority of patients the cause of the intraocular inflammation is unknown, but in some cases
is a manifestation of a systemic disease process, such as sarcoidosis[119, 120], Behcet’s
disease (BD), juvenile idiopathic arthritis(JIA), multiple sclerosis(MS), ankylosing spondylitis
(AS), Inflammatory bowel/Crohn’s disease, SLE, Wegener’s granulomatosis, VKH[121, 122],
whilst others may be associated with various conditions such as the HLA-B27-related group
of diseases[45].

e Masquerade: Neoplastic and non neoplastic.

However, the most widely used classification of uveitis is the Standard Uveitis Nomenclature (SUN)
devised by International Uveitis Study Group (IUSG) in 1987, based on the anatomical location of the
inflammation [123]. According to this, uveitis should be categorised as anterior, intermediate,

posterior or panuveitis.

Descriptors of the onset and course of the uveitis were addressed at the 2005 SUN workshop, and it
was agreed that the condition should be described as acute, chronic or recurrent. Acute if of sudden
onset and duration less than 3 months, chronic if the duration exceeds 3 months, and recurrent if

after interrupting treatment the disease flares up after 3 months.[124]

1.3.1 Anterior uveitis.

Anterior uveitis refers to inflammation involving the iris and ciliary body, and is the commonest form
of uveitis. In most patients, the aetiology is unknown, but the association with HLA-B27, a genetic
marker, is present in about 50% of patients [122]. Ankylosing spondylitis (AS), an idiopathic,
common, chronic arthritis is strongly associated with acute anterior uveitis. AS usually affects young
men in the second or third decade; women are also affected to a lesser extend [125]. About 97% of
AS patients are HLA-B27 positive and about 25% of AS patients will develop uveitis [90]. Systemic

diseases, such as sarcoidosis or Behcet’s disease may be present as an anterior uveitis, but more
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usually as panuveitis [126]. Juvenile idiopathic arthritis (JIA) describes a heterogenous group of
idiopathic arthritides occurring in children under the age of 16 years. This is the commonest disease
association with anterior uveitis in childhood [127]. Though no correlation exists between disease
activity in the joint and eye inflammation, an association between the mode of onset of JIA and risk

of eye inflammation is well recognised.

Patients with pauciarticular involvement, in the absence of systemic features, carry the highest risk
of eye involvement, especially in the presence of anti-nuclear antibodies [127, 128]. In the majority
of patients, arthritis precedes the uveitis that has an insidious onset on routine slit-lamp

examination [129].

1.3.2 Intermediate uveitis.

Intermediate uveitis (1U) refers to a subset of uveitis in which inflammation is primarily observed in
the vitreous cavity. It is characterised by low-grade, chronic inflammation of the posterior part of the
ciliary body, the vitreous base and peripheral retina. This accounts for 4-8% of the uveitis cases.
Children and young adults are typically affected. The inflammation is bilateral in the majority of
patients. Some patients may have underlying systemic diseases like multiple sclerosis and sarcoidosis
[126]. The diagnostic term pars planitis should be used only for that subset of IU where there is snow
bank or snowball formation occurring in the absence of an associated infection or systemic disease
[130]. The aetiology is unknown but there are several associated diseases: multiple sclerosis,
idiopathic optic neuritis, autoimmune corneal endotheliopathy, sarcoidosis, thyroid diseases and
inflammatory bowel diseases [131]. Intermediate uveitis of childhood might exhibit a self-limiting

course after several years [132].

1.3.3 Posterior uveitis

Posterior uveitis (PU) refers to inflammation of the choroid and retina and may result from localized
ocular inflammation (focal, multifocal or diffuse choroiditis, chorioretinitis, retinitis, and
neuroretinitis), or from a systemic condition [133, 134]. The aetiology is unknown in many patients,
but systemic inflammatory diseases, such as sarcoidosis, Behget’s disease and Vogt-Koyanagi-Harada
syndrome, and infectious causes like Mycobacterium tuberculosis, syphilis, herpes group of viruses,
toxoplasmosis and ocular toxocara need to be considered in the differential diagnosis [120]. Non
infectious posterior uveitis may result in permanent vision loss. The inflammation can be constant,

or characterised by periodic exacerbations on an underlying baseline of inflammation. Recent
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studies indicate that vision loss often results from cumulative damage over multiple recurrences of

inflammation, rather than from a single initiating event [135].

1.3.4 Panuveitis.

Panuveitis involves inflammation of the anterior, intermediate, and posterior uveal structures, and
the differential diagnosis is similar to that of posterior uveitis. Herpetic viral retinitides may also
present as panuveitis or posterior uveitis in both immunosuppressed and immunocompetent

individuals.[133]

1.3.5 Masquerade Syndromes.

The term masquerade syndrome is classically used in ophthalmology to describe those conditions
that include as part of their manifestation the presence of intraocular cells, but that are not due to
immune-mediated uveitis entities [136]. The two underlying disorders for which the term
masquerade is most commonly used are intraocular infection and intraocular lymphoma. Both can
appear to be a chronic panuveitis with little in the way of other signs.[137] Acute endophthalmitis
occurs within a few days after surgery and is usually recognised, but delayed onset endophthalmitis
may occur weeks or months after the surgery, and can be much more difficult to diagnose. Aqueous
and vitreous sampling may not yield viable organisms which can be grown on laboratory media, and
the inflammation may be partially suppressed by corticosteroids.[137] Patients with intraocular
lymphoma may be perfectly well with no systemic or neurological symptoms and signs, and few
other ocular signs except cells, predominantly in the vitreous, with some in the anterior chamber.
Vitreous sampling may not yield enough cells for the diagnosis to be confidently established, and the

vitritis may be steroid sensitive, at least initially[137].

1.3.5.1 Lymphoid malignancies.

A. Primary CNS lymphoma in immunocompetent patients.

In a review of 828 consecutive patients seen in a tertiary referral clinic, Rothova et al found a
frequency of neoplastic masquerade syndromes of 2.3% (19 patients). Of these, 13 patients (68%)
had intraocular lymphoma, confirming the impression of many that intraocular lymphoma is the
most common neoplastic “masquerader” [138]. Approximately 98% of primary intraocular
lymphoma are extranodal, non-Hodgkin’s B cell lymphomas, which, as the name implies, are

localized to the intraocular structures: vitreous, retina, subretinal, and sub-retinal pigment epithelial
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spaces [136]. Approximately 2% of PCNSL are T cell lymphomas, with the very rare occurrence of
other primary CNS neoplasms, such as Ki-1 lymphoma, lymphomatoid granulomatosis, T cell-rich B
cell lymphoma, signet-ring cell lymphoma, angiotrophic lymphoma, Hodgkin’s disease, and
plasmocytoma [139]. PCNSL is generally considered a rare condition, but its incidence is increasing.
Data from the National Cancer Institute reveal that 2.7 cases per 10 million people were reported
from 1972 to 1974, as compared with 7.5 cases per 10 million people from 1982 to 1984 [140]. A
continuing increase has been reported during the years subsequent to these data [141-143].
Despite this increase, the risk of an immunocompetent individual developing PCNSL is very low
[144].

When the lymphoma involves the vitreous and the retina, the diagnosis may be more
apparent, but it may still be difficult to establish definitively in the absence of CNS findings.
Clinically described as creamy yellow subretinal infiltrates, with overlying retinal pigment epithelial
detachment [145], but they may take on many forms, such as discrete white lesions, suggestive of
acute retinal necrosis, toxoplasmosis, and frosted branch angiitis [146], branch retinal artery

obstruction with coexistent multifocal chorioretinal scars [147], and retinal vasculitis [148].

B. Primary CNS lymphoma in patients with acquired immunodeficiency syndrome (AIDS).

Immunocompromised patients have an increased risk of malignancy, of which lymphoproliferative
disease is an important type, non-Hodgkin’s lymphoma being the second most common malignancy
associated with AIDS [149]. Compared with nonimmunosuppressed patients, those with AIDS have a

much greater risk of developing clinical CNS disease, ranging from 2-6% [150-152].

C. CNS lymphoma secondary to systemic lymphoma.

T cell ymphoma and HTLV-1 lymphoma

Ocular involvement in primary CNS lymphoma is typically different from that resulting from
secondary involvement of the eye by systemic lymphoma [136]. Although the majority of intraocular
lymphomas are of a B cell nature, there is increasing recognition of the existence of intraocular T cell
lymphomas [148, 153, 154]. It is interesting that in the majority of case reports involving T cell
lymphomas, patients present with primarily an anterior involvement, mimicking an anterior uveitis
[136]. In contrast to these cases, Reim et al. [155] reported the presence of T cell lymphomas with

primarily posterior findings. HTLV-1 is a retrovirus that has been reported as a cause of adult T-
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cell leukemia/lymphoma [156]. A variety of ocular manifestations have been reported with HTLV-1
infection, including retinal vasculitis [157], cotton-wool spots, granulomatous iridocyclitis, and vitritis
[158], and subretinal infiltrative lesions [159]. Yoshimura et al.[160] described the clinical features of
uveitis associated with seropositivity for HTLV-1 in 93 patients. They found that the incredibly
nonspecific symptom of floaters was the only complaint found more commonly in HTLV-1 patients
compared to non-HTLV-1 patients with uveitis that reached statistical significance. In addition the
findings of vitreous opacities, retinal vasculitis and intermediate uveitis were significantly higher in
HTLV-1 positive patients than seronegative patients. The possibility of HTLV-1 virus associated uveitis
and adult T cell leukaemia/lymphoma must thus be always kept in mind in the setting of intraocular

inflammation, especially in patients who have been in endemic areas [136].

Systemic B cell lymphoma.

Ocular disease can be the presenting sign of systemic lymphoma [161, 162]. Although conjunctival or
orbital involvement with systemic B cell lymphomas is relatively common [163], intraocular
involvement is rare [161, 163, 164]. In general, systemic lymphomas arising from visceral organ tend
to involve the uvea. This is in contrast to CNS lymphomas which typically involve the vitreous, retina,
subretinal and sub-RPE areas [136]. Ocular involvement with systemic non-Hodgkin’s lymphoma
usually carries a poor prognosis, with an average longevity of 31 months after diagnosis [165].

(Fig.1.6)

Figure 1.6 Fundus photograph of a patient with choroidal infiltrates due to ocular lymphoma.
The association of uveitis in patients with both systemic and intracranial lymphoma is now well

known and, should rank high in the differential diagnosis of chronic vitreous inflammation, especially

in patients who respond poorly to anti-inflammatory and immunosuppressive therapy [136].
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Leukemia.

Intraocular findings occur in 28-75% of patients with acute leukaemia, less in patients with chronic
leukaemia [166]. Retinal findings are common, including intraretinal haemorrhages, cotton wool
spots, white-centered haemorrhage (Roth spots), microaneurysms, and peripheral

neovascularisation.

Occasionally, leukemic cells can break through the internal limiting membrane into the vitreous
cavity, simulating vitritis. When the choroid is involved by the leukemic process, exudative retinal
detachment may result. Angiographically, this may assume the typical pattern of Vogt-Koyanagi-
Harada disease or posterior scleritis, with multiple, pinpoint serous detachments of the retina and
RPE [166]. Other masquerade presentations can include anterior “hypopyon uveitis”, with
spontaneous hyphema, heterochromia iridis, or pseudohypopyon which is typically gray-yellow in

colour [167].

1.3.5.2 Non- lymphoid malignancies.

A. Uveal Melanoma.

Uveal melanomas may present with clinical features suggestive of intraocular or orbital
inflammation. In a series of 450 enucleated eyes with malignant melanoma of the uvea, Fraser et al
found that 4.9% of patients presented with ocular inflammation. Clinical presentation included

episcleritis, anterior and/ or posterior uveitis, endophthalmitis [168].

B. Retinoblastoma.

Although the classic presenting signs of retinoblastoma are leukocoria or strabismus, an
inflammatory presentation may also occur in 1-3% of cases, usually in the relatively rare variant of
diffuse infiltrating retinoblastoma which presents around 6 years of age [169, 170]. Clinical sighs may
include conjunctival chemosis, pseudohypopyon, and vitritis. The hypopyon typically shifts with
changes of head position [171]. An important morphological clue is that, in contrast to the typically

yellowish hypopyon of inflammation, the pseudohypopyon of retinoblastoma is usually white [136].

C. Metastatic tumors.
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Metastatic tumours are the most common intraocular malignancy in adults. These lesions may
involve the uvea, the retina, or optic nerve and produce findings that may be rarely be confused with

uveitis [172].

Uveal Metastasis.

Tumour metastatic to the uvea most commonly involves the posterior segment. They tend to be
plateau-shaped, yellow in colour, and associated with subretinal fluid [173]. Posterior segment
metastatic lesions are infrequently misinterpreted as uveitis conditions [136]. In a series of 40
patients with masquerade syndrome, Rothova et al.[138] reported only one case of metastatic
disease (lung carcinoma) to the posterior uvea.

In addition to the posterior uvea, metastasis can present in the anterior segment. In this case,
lesions may present with cells in the aqueous humour, as well as other features that are occasionally
present in uveitis, such as iris nodules, rubeosis iridis, and elevated intraocular pressure [174-176].
Primary tumour sites commonly reported with anterior uvea metastasis from the lung and breast

[174, 176,177].

Retinal Metastasis.

Metastatic tumour isolated to the retina is extremely rare [178]. Although metastatic tumours to the
retina can present with vitreous cells, those in metastatic melanoma are described as large brown
spherules, whereas metastatic carcinoma typically has a white to yellow colour and may result in

perivascular sheathing, possibly simulating a retinal vasculitis or necrotising retinitis [136].
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The first International Workshop on standardization of uveitis nomenclature for reporting clinical
data agreed that the onset of uveitis should be reported either as sudden or insidious. It was also
recommended that the course of an attack of uveitis should be described as either limited or
persistent, if it is 3 months or less or greater than 3 months in duration respectively[124]. The term
acute should be used when describing the course of specific syndromes characterized by sudden

onset and limited duration such as HLA-B27-associated “acute anterior uveitis”[179].

The workshop also recommended that when reporting on the course of the disease, repeated
episodes separated by periods of inactivity of at least 3 months duration without treatment should
be labeled as recurrent, the term chronic should be reserved for those cases with persistent uveitis

characterized by prompt relapse in less than 3 months after discontinuation of therapy[124]
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1.4 Ancillary tests.

A. Imaging.

In recent years enormous progress has been achieved in investigational procedures for uveitis.
Imaging is one such example with the advent of new methods such as indocyanine green

angiography, ultrasound biomicroscopy and optical coherence tomography [180]

Ultrasonography.

Ultrasonography is usually an invaluable tool in the examination of the uveitis patients, allowing
evaluation of the posterior segment of eyes with opaque media, and in determining the presence of

thickening of the choroid [136] (Fig.1.7)

Intraocular Tumor

Optic Nerve

Figure 1.7 BScan ultrasound image

Ultrasound Biomicroscopy.

During the past two decades, ultrasound biomicroscopy (UBM) has become available for the
appraisal of the pathophysiology of the anterior segment [181-184]. UBM is based on high-
frequency transducers incorporated into a B-mode clinical scanner. This technology allows quasi-
histological sections up to 5mm in depth to be obtained in vivo [185]. A recent study by Tran et al
suggested that UBM is of great clinical value in the assessment of inflammatory lesions of the iris,
ciliary body, pars plana and peripheral vitreous [182]. Using UBM, Yang et al reported a variety of
abnormalities in the posterior chamber, anterior chamber angle, and the ciliary body and its

surrounding tissues in eyes with AAU (Fig.1.8).
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Their findings suggested that the involvement of the ciliary body is perhaps a universal sign of AAU,
whereas in slit-lamp microscopy, the inflammation is seen to affect the iris only in some patients.
The authors concluded that UBM is not only useful for evaluating changes in the anterior segment
which cannot be seen by slit-lamp microscopy, but represents a valuable tool for the guidance of

treatment of patients with AAU [185].

A B C

Figure 1.8 Changes in the anterior segment revealed by ultrasound biomicroscopy (UBM) in acute anterior uveitis.

(A) At 13 days after uveitis attack, UBM shows numerous cells in the posterior chamber and anterior
vitreous body, striking oedema in the iris/ciliary body and irregular exudates adjacent to it. (B) At 26
days after uveitis onset, UBM shows an open angle, improved oedema of the iris/ciliary body and
few exudates adjacent to it or in the anterior vitreous. (C) At 45 days after uveitis onset, UBM shows
an open angle, and no cells or exudates in the anterior chamber, posterior chamber or anterior

vitreous [186].

Laser Flare Photometry (LFP).

Clinical determination of aqueous humour protein levels (“flare”) has been considered less
important. This belief may have evolved from the greater difficulty in clinically identifying changes in
protein levels. Whereas cells can be counted, the quantification of aqueous humour protein levels by
slit-lamp biomicroscopy is more subjective, based on the perceived intensity of light reflected off

protein molecules within the aqueous humour [186].
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Laser flare photometry provides a more precise way to identify changes in aqueous humour
proteins. The Kowa FM-500 Flare Meter projects a diode laser beam into the anterior chamber and
measures the amount of light scattered by protein molecules in the agueous humour [187]. Using
this method, Gonzales et al.[188] have demonstrated the associations between elevated laser flare
photometry values and posterior synechiae, low intraocular pressure (< 10mmHg), history of

cataract, and macular oedema in patients uveitis.

Fundus color photography.

Mostly used in posterior uveitis, allows the mapping of lesions. Comparisons can be made with

subsequent photos to determine whether the lesion has regressed, stabilized, or increased.

Figue 1.9 Normal colour fundus photograph.

Fundus autofluorescence (FAF)

Fundus autofluorescence (FAF) has been used for the evaluation of RPE in degenerative,
inflammatory, and neoplastic conditions [189, 190]. The FAF signal is derived primarily from
lipofuscin accumulation within the RPE and may be indicative of altered structure and function [191,
192]. The white dot syndromes (WDSs) classically include acute posterior multifocal placoid pigment
epithelium epitheliopathy (AMPPEE), serpiginous choroidopathy (SC), birdshot retinochoroidopathy
(BSCR), multiple evanescent white dots syndrome (MEWDS), and multifocal choroiditis (MFC) , and
are characterized by multiple lesions of the posterior pole due to inflammation of the choroid,
retinal pigment epithelium, and retina [193, 194]. Yeh et al.[195] found that FAF imaging was
valuable in the evaluation of WDSs. They observed that foveal hypoautofluorescence appeared to be
a marker for moderate to severe visual impairment. Fundus autofluorescence seems to be a very
sensitive imaging technique for detecting damage of the RPE in acute episodes of serpiginous

choroiditis. A sequence of autofluorescence changes reflects the passage from activation to
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resolution of new lesions [196]. McBrain et al.[197] have shown that it can be used as a rapid, non

invasive technique in the diagnosis of CMO.

Figure 1.10 Normal FAF

Roesel et al. [198] found that increased FAF in uveitic CMO is associated with poor vision. Wang et
al. [199] reported that hyper-autofluorescence in the foveola is a non-specific manifestation of
photoreceptor-retinal pigment epithelium dysfunction. Investigating the characteristics of fundus
autofluorescence in birdshot, Koizumi et al.[200] found that FAF demonstrated the RPE atrophy,
which was hard to see by other means of investigations. They found that the areas of RPE atrophy
did not necessarily correspond to the hypopigmented lesions, which suggested that both the choroid

and the RPE can be affected independently.

Fundus fluorescein angiography (FFA) and Indocyanine green angiography (ICGA).

Angiography may be performed to confirm elements already revealed by clinical examination or
other investigational methods such as optical coherence tomography (OCT). A second reason to
perform an angiography is for better grading of the inflammation of the fundus. A third reason is to
make a good baseline inventory of inflammatory involvement to subsequently use it for follow-up
purposes. In follow-up situations, angiography is usually performed to monitor disease intensity and

impact of therapy [180].

Fluorescein angiography has been performed for over 4 decades. Fluorescein sodium (FNa) is
injected intravenously to analyze the blood circulation of the ocular fundus, mainly the retina. It is a
small hydrosoluble molecule of 354 daltons of which 80% is bound to proteins and 20% is free, the
latter free portion being responsible for the emission of fluorescing light [180, 201].

Two crucial principles

characterise FNa. (1) Fluorescein has a micromolecular behaviour. This means that it easily gets out,
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at the slightest breakdown of the hemato-retinal barrier, from the usually impermeable retinal
vessels. (2) Fluorescein fluoresces at 520-530 nanometers within the wavelengths of visible light ,and
is therefore blocked by the RPE, giving no useful information on choroidal circulation, except on the
choriocapillaris during the first 40-60 seconds of angiography [180].

Increased fluorescence can be due to three main mechanisms: (1) leakage producing pooling
(in a space) or staining (in tissues); (2) increased transmission of fluorescence due to fundus atrophy
with removal of the RPE producing larger hyperfluorescent areas or due to smaller window-defects
produced by areas of RPE defects; (3) presence of abnormal vessels (retinal vessels or choroidal
neovascular membranes) [180].

Decreased fluorescence can be either due to transmission decrease (blockage), or filling
defect (vascular delayed perfusion or non perfusion) [180]. FFA
furnishes three types of information on the retinal circulation which include: (1) imaging of
inflammatory damage to vessel walls in retinal vasculitis, (2) display occlusive vasculopathy of retinal
arteries or arterioles, and (3) detection of retinal new vessels situated at the disc (NVD) or elsewhere
(NVE) [180]. Macular ischemia is best detected using FFA and has to be looked for in case of severe
fundus inflammation such as Behget’s uveitis [202, 203]. CMO is visible by funduscopy if it is
sufficiently pronounced. However, until recently, FFA was recommended to determine the extent of
CMO. Two grading systems of CMO have been put forward by the groups of Miyake and Yanuzzi
[204, 205]. Cassoux et al. [206] reviewed the fluorescein angiographic findings in 44 patients with
ocular and CNS lymphomas and reported punctuate hyperfluorescence window defects in 54.5%,
round hypofluorescent lesions in 34%, vasculitis in 13.6%, papilloedema in 3.7%, and cystoid macular

oedema in 2.5%.

For about 15 years, a second angiographic procedure is being used, using indocyanine green,
a dye that fluoresces in the infrared wavelengths (830nm). Besides the different wavelength at
which ICG fluoresces, the crucial difference between FNa and ICG comes from their binding affinity
to proteins. The ICG molecule is nearly completely protein bound and predominantly so to large
sized proteins (lipoproteins) [207, 208]. This procedure, in contrast to FFA, often gives additional
information undetected by clinical examination or FFA or OCT. Therefore, ICGA is indispensable in
the proper assessment of inflammatory involvement in uveitis as it gives information, which is
otherwise lost. Very often, ICGA has a diagnostic value, rarely the case for FFA. For all these reasons,
in most cases where angiographic work-up is required and choroidal involvement cannot be
excluded, dual FFA and ICGA should be performed [209-211]. Fluorescein leaks readily from slightly
inflamed retinal vessels with minor damage to the blood-retinal barrier and readily impregnates

tissues, whereas only major damage to retinal vessels allows ICG to leak [212]. When analysing ICGA
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in posterior inflammatory disorders, crucial differences with FFA interpretation have to be borne in
mind to correctly analyse the images obtained [213].  Altan-Yaycioglu et al. [214] reported that
the combined use of FFA and ICGA helps gauge the severity of inflammation in the choroid and the
retina during active inflammation. In quiescent stages, however, ICGA does not give any additional

information.

Optical coherence tomography (OCT).

Optical coherence tomography is an imaging technique able to provide cross-sectional high-
resolution images of the retina. OCT is useful for the evaluation and diagnosis of several macular
diseases, such as macular oedema, macular holes, epiretinal membranes, central serous
chorioretiopathy, and age-related macular degeneration. OCT provides information for the
diagnosis and follow-up of macular oedema caused by inflammatory diseases, diabetic retinopathy,
vascular occlusions and macular degenerations [215-217]. It is an important technique
providing information about inflammatory macular oedema [218]. OCT has a high sensitivity in
showing epiretinal membranes and the presence of potential vitreoretinal abnormalities in the
macular area, suggesting the hypothesis of a tractional mechanism as a probable origin or cofactor
of onset of macular oedema during uveitis [219-221]. Using OCT, Moreno-Arrones et al found that
patients suffering an AAU showed an increase in macular volume and superior RFNL thickness

versus control eyes in the acute episode [222].

Chest and joint x-rays and neuroimaging.

Plain postero-anterior and lateral chest X-rays may assist in the diagnosis of both
tuberculosis and sarcoidosis [119, 223]. Chest x-ray findings are present in one-third of patients with
extrapulmonary tuberculosis, although pulmonary disease is inactive in most cases. There may be a
healed primary lesion visible as peripheral calcified pulmonary nodules and/or calcified hilar lymph
nodes [224].

Radiological examination of the joints is often of value in diagnosing the seronegative
spondyloarthropathies. In particular, sacro-iliitis may be visible as juxta-articular sclerosis, blurring
of the joint margins and erosive changes on pelvic X-rays [225].

When suspecting a primary CNS Ilymphoma, computed axial tomography scans of
immunocompetent patients typically show multiple, diffuse, periventricular lesions with high-

density tumour before contrast injection. After contrast injection, dense periventricular
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enhancement appears and may involve the corpus callosum. Magnetic resonance imaging (MRI)
shows isointense lesions on T1, and iso- to hyperintense lesions on T2. Periventricular contrast

enhancement is strong in 75% of cases [155].

B. Laboratory tests.

The aetiology of uveitis remains uncertain or unknown in 30-70% of cases after noninvasive

investigations [226]. The diagnosis is often based on history, detailed clinical examination, and
selected investigations [227]. Unless a thorough history suggests a systemic problem or there are
additional suspicious clinical signs, adults with an isolated unilateral acute anterior uveitis are not
usually investigated for systemic associations. Such cases are likely to be confined to the eye.
However, chronic anterior uveitis or recurrent acute disease, bilateral uveitis and all childhood
inflammations demand investigation. Commonly requested tests include: Full blood count, HLA-
B27, B51 typing, serum angiotensin I-converting enzyme (ACE) measurement, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), syphilis serology, rheumatoid factor (RF), and
anti-nuclear antibodies (ANA). Tuberculin test is reserved for those individuals in high-risk groups
[224].
It is obviously important to be able to distinguish between infectious, non-infectious, and malignant
causes of uveitis. Infections are reported to be the cause in approximately 20% of cases of uveitis
[228, 229]. Infections and intraocular malignancies often masquerade as immune-mediated
conditions and present with similar clinical features [137].

Advances in molecular biology, microbiology, and cytopathologic techniques have been
applied to the diagnosis of many diseases [230, 231].

Polymerase chain reaction (PCR) analysis of peripheral blood, serologic testing of peripheral blood
or both is not informative about the cause of inflammation in the eye. The accurate and timely
diagnosis of infectious uveitis, however, is essential in providing appropriate treatment;
immunosuppressive therapy commonly used to treat non-infectious uveitis may prolong or worsen
any infectious process [232].

Vitreous aspiration needle tap seems to provide a safe method for acquiring ocular fluid in
cases of uveitis in which the pathogenesis is unknown, permitting subsequent cytopathologic,
microbiologic, and molecular analysis of the material, which in combination with the clinical features
helps identify the aetiology of the disease process [233-235]. Lobo et al reported that ocular sample
collected by vitreous aspiration permitted the relevant diagnostic test to be carried out and the

diagnosis to be made in 92% of patients. It allowed immunosuppressive treatment to be given to
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50% of the patients, having excluded intraocular malignancy [227]. In the United States, diagnostic
vitrectomy is used in patients with atypical or severe presenting symptoms [236].

The diagnosis of intraocular lymphoma from vitreous specimens depends on proper

handling of the specimens, methods of aspiration, concentration, fixation, and staining [237, 238].
Prior treatment of patients with steroids reduces the number of viable lymphoma cells, because
central nervous system lymphoma cells have an unique sensitivity to corticosteroids, which are
known to be cytolytic [238].
It is now possible to apply novel PCR techniques to vitreous samples to determine immunoglobulin H
rearrangement and t (14; 18) translocation of the bcl-2 gene and show monoclonality [239, 240].
Herpes viruses such as varicella-zoster and herpes simplex are common agents inciting ocular
inflammation in immunocompromised and immunocompetent individuals, whereas CMV is the
major cause of retinitis in patients with immunodeficiency virus/AIDS. PCR analysis of ocular fluid
samples in the early phases assists diagnosis and initiation of appropriate treatment, because
retinitis can progress very rapidly [241, 242].

Analysis of aqueous samples obtained by anterior chamber tap (paracentesis) is an
underused approach [243-247]. A volume of approximately100 to 200ul aqueous allows analysis for
multiple pathogens at real-time PCR for the detection of the infectious pathogen itself and the
determination of the Goldmann-Witmer coefficient (GWC) as a parameter of intraocular production
of specific antibodies [243, 248]. It has been demonstrated that the combination of both assays, PCR
and GWC, improves the efficacy of intraocular fluid analysis of infectious uveitis [243, 247-249].
Rothova et al.[232] considered it a clinically meaningful approach to perform aqueous analysis in PU
patients with active inflammation and negative results of the initial uveitis screening and in severe
cases when early diagnosis and treatment are essential. When positive results confirm the suspected
diagnosis, optimal treatment can be used and vitrectomy is not necessary. In the event of negative
results, unsatisfactory clinical development, or both, the authors proceeded with diagnostic
vitrectomy. Only in very severe cases when retinal evaluation is not possible (such as possibility of
endophthalmitis) and in those with a strong suspicion of malignancy did the authors opt for primary
vitreous biopsy. Despite the posterior location of inflammation, aqueous analysis yields a high

frequency of positive results [232].

1.5 Visual acuity.

Visual acuity is the single most-widely used eye test. It informs about a major aspect of a

patient’s visual function in an easily administered form In its routine application it is a test of
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resolution in the central fovea[250]. Foveal acuity and peripheral acuity are two important subject

factors related to visual search performance [251].

1.5.1 Foveal acuity.

Foveal acuity is the ability to discriminate fine details and is a visual function important for many

tasks. It measures the capability of the visual system[252].

1.5.2 Visual acuity measurement.

Visual acuity can be measured and analysed using a variety of strategies [253]. The Early Treatment
Diabetic Retinopathy Study (ETDRS) protocol was designed in the 1980s based on recommendations
from the National Academy of Science’s Working Group[254] and is similar to a chart created by
Bailey and Lovie [255] and allows for standard reproducible visual acuity measurements as described
in details by Ferris et al. [256, 257]. The ETDRS charts have the advantage of using a regular
geometric progression of letter size and spacing [256, 257]. A 3-line change in visual acuity (* 15
letters) using ETDRS charts is equivalent to a doubling or halving of the visual angle regardless of the
baseline visual acuity measurement [256, 258]. This chart has been shown to be accurate and
reliable [259] at high and low levels of visual acuity [255, 256]. Even low visual acuity as poor as
20/800 can be calculated by moving the patient closer to the chart from a distance of 4 metres to 1

meter [256].

The Bailey—Lovie distance visual acuity chart was developed to overcome the inaccuracies of the
Snellen chart and has been widely accepted as an accurate and efficient measure of visual acuity,
particularly for assessing patients with low vision [255, 260]. The chart has approximately equally
legible letters on each row and the separation of letters within rows and between rows is uniform so
that contour interaction is controlled. The visual task at each level of the chart is therefore the same
irrespective of acuity or test distance [255]. The Bailey-Lovie chart employs a logarithmic progression
of sizes and the log MAR visual acuity notation, which has been shown to represent a good
approximation to an equal discriminability scale [261], and has been recognized by many
investigators as the most logical measure of visual acuity [260, 262, 263]. The major advantage of
the log MAR visual acuity notation and the use of the Bailey-Lovie chart for research purposes is the
ability to measure and score low visual acuities accurately, which can thus be included in statistical
analysis [264]. The log MAR visual acuity scoring method allows arithmetic procedures, including

regression analysis and parametric statistics, to be applied legitimately to visual acuity scores,
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because by the use of appropriate variations in test distances, the visual acuity scale is not

truncated, as is the conventional Snellen visual acuity [265, 266].

Routine clinical practice usually relies on the Snellen charts to measure visual acuity. The Snellen
chart has well documented limitations, including inconsistent progression in letter size from one line
to the next, large gaps between visual acuity levels at the lower end of the chart (20/80-20/800),
unequal legibility of letters used, and unequal and unrelated spacing between letters and rows [267-
269]. Furthermore, there is no “one” Snellen scale, either in consistent number of letters or
consistent lines on the chart, and as a result, visual acuity measurements can vary based on
variations from chart to chart [253]. The Snellen chart is designed to measure visual acuity in angular
units in which the numerator is the testing distance (in feet or meters), and the denominator is the
distance at which a letter subtends the standard visual angle of 5 minutes of arc. Thus, on the 20/40
line, the letters subtend an angle of 5 minutes of arc when viewed at 20 feet [270]. The reciprocal of
the Snellen fraction represents the minimum angle of resolution (MAR) [270]. The negative base
10 logarithm of the reciprocal Snellen fraction is the logarithm of the minimum angle resolution (log
MAR), which converts the geometric Snellen progression into a linear function well suited for
statistical manipulations [270]. The usual practice in retrospective research when using Snellen visual
acuity measurements is to convert Snellen visual fractions to log MAR units, perform statistical

calculations, and then report the visual acuity measurements as log MAR units[270].

The accuracy of visual acuity measurements using a Snellen chart is poor because at low visual
acuity, there are few letters on each line and each line represents a large interval change in visual
acuity [253]. Nevertheless, Snellen visual acuity is relied on in many retrospective studies that report
statistical results, and most retrospective data collection for clinical studies should use Snellen
fraction nearest the line that was fully read with the likelihood that this Snellen fraction would be

the most reproducible [253].

1.6 Epidemiology of uveitis.

Uveitis is a relatively common inflammatory eye condition with reported annual incidences between
17 and 22.6 per 100,000 populations[271-273], and a prevalence between 38 and 370 per 100,000
populations [274]. It may occur at any age, but most commonly afflicts those aged between 20 and
59 years [275]. The total population prevalence being reported as 38 per 100,000 in France[276]
and 68-76.6 per 100,000 in Finland [277]. One study from the USA in the early sixties showed a

prevalence of around 200 per 100,000 [278]. In the largest population-based uveitis study in the USA
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to date, Gritz et al.[279] found an incidence of 52.4/100.00 person-years and a period prevalence of
115.3/100.000 persons. The incidence and prevalence were lowest in the paediatric age groups, and
highest in patients aged 65 or older. It was also shown in this study that women had a higher
prevalence of ongoing uveitis than men, and this difference was highest in the older age group. The
incidence found was approximately 3 times that of previous US estimates and increased with the

increasing age of patients.

Many of the past and current epidemiological studies in uveitis have limitations [274]. These include
the effects of referral or selection bias; the heterogeneity of diagnostic criteria, workup, and the
availability of investigations in different study centres; and the lack of uniform classification systems
or definitions of various uveitis entities, making comparisons of epidemiological data from different

populations or regions difficult [134].

McCannel et al. [280] illustrated the significance of a referral bias, reporting a much higher
proportion of patients with anterior uveitis in community-based practices and, in contrast, observing
a shift in the relative frequency of uveitis cases in the tertiary referral centre toward posterior uveitis
and panuveitis. Most of the hospital-based studies are not representative of the general population

as they only include patients seeking treatment [93].

It is estimated that the population-based incidence and prevalence of uveitis in children is 5 to 10-
fold lower than in adults, children constituting only about 5% to 10% of patients with uveitis in most

tertiary uveitis clinics [281], and up to 16% in some reports [282],[127].

In the elderly, different cohorts report an incidence and prevalence of 6-21.8%.[283-285]. Limited
epidemiological data suggest that the incidence of uveitis may be increasing, at least in the western
world, perhaps reflecting the general rise in autoimmune diseases, although this needs confirmation
by appropriately designed studies [279]. Suhler et al.[286] in 2008 looking at the incidence and
prevalence of uveitis in Veterans Affairs Medical Centers of the Pacific Northwest found a crude
incidence of 25.6 cases/100.000 person-years, and a prevalence of 69 cases/100.000 persons. There
are similarities and distinct differences in the patterns of uveitis in the various geographic regions.
Such patterns of uveitis are influenced by combinations of geographical, environmental and genetic
factors [274]. In different studies, anterior uveitis is reported to be the commonest form of
uveitis. Wakefield et al.[287] in Australia report 76% of AU, Rodriguez et al.[228, 288-292]in the
United States and all European series report 49-92% of anterior uveitis. In a series from the south-
eastern of the US, panuveitis was the most common form of uveitis with 38% of all cases of uveitis,

AU and PU accounting for 25% and 24% respectively [293]. In Japan, Kotake et al.[294] reported PU
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being the most common type with 69%, followed by AU (29%) and PU (2%). In London, Perkins et
al.[295] in 1984 reported 63% of AU, 19% and 18% for panuveitis and posterior uveitis respectively.
Comparing this pattern to the one of uveitis in lowa, the authors concluded that genetic factors

were more important than geographic location in determining the types of uveitis.

Uveitis is the fifth most common cause of visual loss in the developed world and is estimated to be

responsible for up to 20% of legal blindness worldwide [296].

1.7 Definitions of Visual Impairment and Blindness.

In the US definition, bilateral blindness is defined as BCVA < 6/60 in the better-seeing eye (log MAR
>1.00), and visual impairment is defined as BCVA < 6/12 but >6/60 in the better-seeing eye (log MAR
>0.30 to < 1.00). In the WHO definition, bilateral blindness is defined as BCVA < 6/120 in the better-
seeing eye (log MAR >1.30) and/or visual field < 10°; visual impairment is defined as BCVA < 6/18 but
> 6/120 in the better-seeing eye (log MAR > 0.48 to <1.30).

The SUN group came to a consensus that key visual acuity thresholds that should form the basis for
reporting results of uveitis studies include 6/15 or worse (visual impairment) and 6/60 or worse

(severe visual loss or blindness)[124].

1.8 Causes of visual loss worldwide and the part of uveitis.

For the past 35 years, the World Health Organisation Programme for the Prevention of Blindness and
Deafness has maintained a global data Bank on visual impairment with the purpose of storing
available data on blindness and low vision. In 2002, 208 population-based studies on visual

impairment for 68 countries were reported [297].

In a WHO report, it was estimated that more than 161million people were visually impaired
worldwide. Of these, 37 million were blind and 124 million had low vision, the main causes of visual
loss being cataract, glaucoma, AMD and diabetic retinopathy [298]. While many individual ocular
inflammatory diseases are quite rare, ocular inflammation is one of the more common causes for

visual disability, including blindness, in the developed world [93],[299].

Although the impact of uveitis on vision is well known, there are very few data on its
prevalence and the incidence among the visually impaired or blind population in the literature; and

in surveys on the causes of blindness uveitis is usually not included and is probably underestimated
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[300]. The sequelae of uveitis are considered to be the direct causes of visual loss while the primary

cause of the disease (uveitis) is not mentioned [301].

It has been estimated that 5%-20% of blindness in the United States is due to the
complications of ocular inflammation. Nussenblatt et al.[302] reported that uveitis accounted for
10% to 15% of all cases of total blindness. Iwase et al.[303] looking at the prevalence and causes of
low vision and blindness in a Japanese adult population found that uveitis accounted for 7%.

A population based assessment of uveitis in an urban population in Southern India reported that 1 in
370 people will develop a visual impairment of less than 6/18 in at least one eye and 1 in 625 people

a visual loss of 6/60 in at least one eye [271].

In a hospital survey on blindness in Sierra Leone where secondary cataract and glaucoma were
correctly attributed to Uveitis, this disease was the second leading cause of blindness, indicating
how large the proportion of patients with uveitis is among the blind [304]. Williams et al.[305] in
Scotland reported a prevalence of sight-threatening uveitis of 14.8 per 100,000 within the
population. Recently, a Hospital based study in Malawi reported 3.6% of bilateral blindness caused

by uveitis [306].

Reviewing the causes of visual loss in England and Wales as recorded on BD8 certificates during the
year April 1999 to March 2000, uveitis was not counted; Bunce et al.[307] noted an increase in the
three main causes of visual impairment e.g. diabetic retinopathy, AMD and glaucoma comparing to
the 1990-1991 period and suggested that there is a need to improve the collection of good quality
data and causes of visual loss. Childhood uveitis is associated with unique diagnostic and
management issues, tendency for chronic disease, high complication rates, with severe visual
impairment in up to one-third of all children with uveitis[127],[308]. The rate and spectrum of vision
threatening complications of paediatric uveitis are significant [309]. Delayed diagnosis, extended
burden of disease over lifetime, limited treatment options in children, difficult examinations, and the
risk of amblyopia are all challenges specific to childhood uveitis [310, 311]. De Boer et al. [308]
reported that even after the average follow up limited to 3 years, 19% of young patients with uveitis
will develop at least one legally blind eye. Kump et al. and Friling et al. [312, 313] reported
respectively 23% and 17% of all children with uveitis having their best corrected visual acuity (BCVA)
< 6/12. Looking at the course of disease in childhood uveitis, Smith et al. [314] in the USA recently
reported that the proportion of patients with vision < 6/60 was 9.2% at baseline, 6.5% at 1 year,
3.2% at 3 years, 15.1% at 5 years, and 7.7% at 10 years [309].
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Edelsten et al., in retrospective, multicenter, observational study from three primary and two
referral ophthalmic units in England found that 17% of paediatric uveitic patients had a visual loss of

< 6/12 in at least one eye.

Recent population-based studies have demonstrated that glaucoma, cataract and macular
degeneration are the major causes of visual impairment in industrialised societies and their
prevalence increases markedly with age [315]. The main sight-threatening complications of uveitis
are cataract formation, glaucoma and maculopathy; these complications also have an increasing
prevalence in the normal elderly population [300]. In most forms of uveitis, visual morbidity usually
does not occur from a single episode of uveitis; rather recurrent episodes of inflammation cause
cumulative damage. However some patients with severe disease can develop refractory cystoid
macular oedema at an early stage whereas patients with Behcet’s disease can develop devastating
visual loss within days despite intensive immunosuppression [296]. Suttorp-Schulten et al.
[3]reporting on the main causes of vision loss in the 20-60 years age group found diabetic
retinopathy (20%), tapetoretinal degenerations (20%), congenital anomalies (20%), uveitis (10%),
and trauma (5%). There is little information on the relation of increasing age of onset to the
prevalence of complications in the adult uveitis population apart from a reported decrease in
prevalence of intermediate uveitis and an increase in secondary hypertension [316]. Recent
epidemiological studies looking at serious eye diseases and blindness do not even mention uveitis
[226, 317-319]. There are few studies documenting the frequency of visual loss in the general uveitis
population. In a hospital based study from Minnesota from 1962, Darrell et al found a rate of visual
loss (defined as < 25% of vision) in patients with uveitis of 6% [278]. Rothova reported that 35% of
uveitis patients suffered from significant visual loss or visual impairment and found a similar rate of
severe visual loss (< 6/60) in a mixed primary and secondary referral centre over 30 years later [278,
300]. The latter study found cystoid macular oedema, corneal opacities, and macular inflammatory
lesions to be the major causes of visual loss resulting from intraocular inflammation. Durrani et
al.[296] looking at the degree, duration and causes of visual loss in uveitis reported that 69.9% of
patients had visual loss of < 6/18 in at least one eye of which 45.4% had moderate visual loss (6/18-
6/36), and 54.5% had severe visual loss of < 6/60. Some degree of permanent visual damage was
found in 24.5% of patients. Of the whole population in this series, 11.4% of patients met the WHO

blindness criteria.
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The authors reported panuveitis, Indian or Pakistani origin, increasing patient age, bilateral

inflammation and increasing duration of visual loss as strong predictor factors of visual loss [296].

The prevalence of visual loss reported in the later study was higher than those reported in other
studies [3, 300, 317]. Some degree of referral bias is likely to be present in these studies as they

investigate patients under treatment in secondary and tertiary centres [120].

Visual prognosis is worse in cases that present with severe intraocular inflammation, due primarily
to retinal and uveal tissue damage in the form of vascular leakage, cystoid macular oedema, and
other alterations, such as secondary cataract, secondary glaucoma, vitreous opacities, retinal scars,

optic neuropathy and pthisis bulbi [300],[296].

In a recent study, Forooghian et al. [320] reported that intraocular inflammation in a variety of
uveitic syndromes could result in foveal atrophy. The cause of this is multifactorial and may include
dysfunction and atrophy of the retinal pigment epithelium and choroid, CMO, macular ischemia
secondary to occlusive retinal vasculitis, choroidal neovascularisation, retinal detachment, and

possibly antibody-mediated damage directed against photoreceptors.

Uveitis will continue to be, and perhaps, become increasingly more important as a group of
potentially sight-threatening inflammatory eye diseases that have a significant impact on both the

visual and systemic health of the generally young adult population that is affected [321].

1.8.1 Cystoid macular oedema.

The healthy BRB is impermeable to plasma proteins, whereas the BAB is partly permeable to plasma
proteins. Small amounts of IgG can be found in the aqueous of healthy eyes [322]. Macular oedema
is a common cause of decreased visual acuity in many ophthalmic diseases. It results from disruption
of the blood-retinal barrier and subsequent accumulation of fluid leading to increased retinal
thickness [323]. Patients with uveitis have elevated levels of intraocular IgG, particularly those with
CMO, retinal ischemia or both. These observations indicate that a damaged BRB leads to both an

accumulation of fluid in the macula and increased IgG concentration[324].
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Elevated levels of pro-inflammatory cytokines and vascular endothelial growth factor were found in
all types of CMO [325]. Numerous molecules may induce the retinal vascular hyperpermeability that
leads to macular oedema. Depending on the underlying entity, these may include prostaglandins and
leukotrienes, protein kinase C, nitric oxide, and various cytokines such as vascular endothelial
growth factor ( VEGF), tumour necrosis factor a ( TNF-a), insulin-like growth factor-1, and

interleukins [326-328].

A factor that often contributes to vascular leakage is the endothelial damage resulting from
leukocyte adherence to vessel walls (leukostasis), a phenomenon mediated by nitric oxide, adhesion
molecules, and other inflammatory mediators [328],[329]. In the normal healthy retina, the
transretinal water fluxes are mediated by glial and pigment epithelial cells. These water fluxes are
inevitably coupled to fluxes of osmolytes; in the case of glial (Muller) cells, to K+ clearance currents.
Ischemic/hypoxic alterations of the retinal microvasculature result in gliotic responses which involve
down-regulation of K+ channels in the perivascular Muller cell end-feet. This means closure of the
main pathway which normally generates the osmotic drive for the redistribution of water from the
inner retina into the blood. The result is intracellular K+ accumulation which, then, osmotically
drives water from the blood into the glial cells (i.e., in the opposite direction) and causes glial cell

swelling, oedema, and cyst formation [330],[331].

Clinical CMO that is responsible for a low visual acuity must be differentiated from
angiographic CMO that can albeit uncommonly be present even without any decrease in visual
acuity. Fluid progressively accumulates into the outer plexiform layer of the retina and pools into
cystic spaces. Fluid accumulation can now be better seen with optical coherence tomography (OCT).
In chronic CMO fluid accumulation is associated with thinning of the retina and fibrosis. At this stage
CMO may or may not respond to medical therapies, but vision does not improve. Failure of vision to
improve is because of the thinning and scarring [332].

Fluorescein angiography identifies the anatomical location and pattern of vascular leakage
and is a qualitative and functional study, whereas OCT allows morphologic assessment of macular
oedema by producing two or three dimensional images of the retinal tissue [333]. FFA and OCT are
commonly used in conjunction with each other; correlating information obtained by these two
imaging technologies is important to help understand the patho physiology of macular oedema.
Some authors have found that macular oedema detected by either FFA or time-domain OCT was

occasionally not present on the other imaging modality [323, 334, 335].
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Spectral domain OCT allows the study of structural alterations in the different retinal layers and

subtle changes associated with disease process [336].

Using OCT to describe the morphologic characteristics of uveitic macular oedema, Markomichelakis
et al.[337] reported 3 patterns of macular oedema: diffuse macular oedema (DMO), cystoid macular
oedema (CMO), serous retinal detachment (RD), and found that epiretinal membrane (ERM)
coexisted in a significant percentage of patients. The irreversible loss of visual acuity in macular
oedema is usually attributed to permanent loss of photoreceptor cells, although there is hardly any
information on changes in photoreceptor function in macular oedema. Assessing photoreceptor
function in various stages of macular oedema, Lardenoye et al.[338] found that eyes with
inflammatory or diabetic macular oedema showed decreased directional sensitivity and visual
pigment density in the macular area. Kiss et al.[339, 340] reported a marked reduction in central
retinal sensitivity in eyes with active macular oedema and substantial impairment at resolution of
macular oedema. They also found that reading acuity and reading speed are significantly impaired in
eyes with macular oedema. In one study, cystoid macular oedema was noted in 33% of all uveitis
patients, of whom 44% had visual acuity of 20/60 or less in at least 1 eye. Of all uveitis patients, 35%
had visual acuity of 20/60 or less in at least 1 eye, which was caused by CMO in 42%. Poor visual
acuity in patients with CMO was associated with the advanced age of the patients, chronic

inflammation, and various specific uveitis entities.[341]

Nussenblatt et al.[342] suggested that macular thickening, and not the presence of macular oedema,
is significantly correlated with visual acuity. Traditionally, the presence of CMO has implied that
retinal thickening exists concurrently. However, Jun et al.[343] reported cases of cystoid spaces
within the retina accompanied by normal foveal thickness and contour on OCT. Brar et al.[323]
hypothesised that visual acuity correlates with the number, size, and location of the cysts and not
just the presence or absence of cysts. The reliable prognostic factors distinguishing eyes with CMO
with a potential for improvement from the eyes with definitively damaged visual acuity are not yet
known. Regardless of the various pathogenic mechanisms causing macular oedema, the resulting
visual acuity depends on many factors in addition to macular thickening, including duration of
oedema, macular ischemia, photoreceptor impairment and/or loss, retinal pigment epithelium
dysfunction, flat optical coherence tomography indicating atrophic macula, media opacities as well
as poor contrast sensitivity, impaired colour vision and advanced age [325, 344, 345]. Sivaprasad et
al.[346] reported that OCT is an important tool in monitoring the treatment response of uveitic

macular oedema.
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They found that assessing the patterns of uveitic macular oedema by OCT gives more useful
information on the prognosis than the central macular thickness. Inner retinal cystoid oedema is
more resistant to treatment than any other patterns of oedema and cysts in the inner retinal layers
may indicate the presence of ERM that is difficult to define clinically[346].

Fundus autofluorescence (FAF) imaging with confocal scanning laser ophthalmoscopy is
increasingly becoming accepted as it is a noninvasive and rapid procedure for diagnosing macular
diseases [189]. FAF in normal eyes is determined by the lipofuscin distribution in the retinal pigment
epithelium. FAF is also influenced by macular pigments in the outer nuclear and outer nuclear and
outer plexiform layers and in the fibers of Henle and inner nuclear layer of the retina [347]. As
the concentration of macular pigments is highest in the foveal area, normal FAF exhibits a central dip
in this area [198]. FAF is increased in many uveitis patients. However, Roesel et al.[198] report only
50% of pathologic FAF in eyes with angiographically proven CMO. McBain et al.[197] found an 81%
sensitivity and 69% specificity of FAF imaging for diagnosing macular oedema when compared with
standard fluorescein angiography. This limitation indicates that FAF may not replace FFA or OCT for

the detection and follow up of macular oedema [198].

1.8.2 Uveitic glaucoma.

Secondary glaucoma represents a frequent complication especially in chronic forms of uveitis.
Different immunological and mechanical alterations can be responsible for the elevation of
intraocular pressure(IOP) [348]. Uveitic secondary glaucoma is difficult and challenging to manage
and may jeopardize a favourable visual therapeutic outcome in uveitis patients [349]. The delicate
tissues of the anterior segment may become swollen, scarred, and distorted, or rendered
malfunctional by the inflammatory response [350], leading to increase of intraocular pressure,
glaucomatous damage to the optic nerve, and subsequent loss of visual field [351]. During the past 5
decades, more light has been shed on cellular and biochemical modifications leading to uveitic
glaucoma [352]. In a healthy eye, proteins concentration in aqueous humour varies between 10 to
20mg/100ml. This concentration reaches 2300mg/ml in uveitic eyes[353]. In inflamed eyes, the
breakdown of the blood-ocular barrier occurs with subsequent influx of proteins as well as

inflammatory and immune-competent cells[354].

Though the conventional aqueous outflow route is well characterised[355], the unconventional or

uveoscleral outflow route is less well understood [356],[357],[358].
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The latter, studied by Bill et al.[359] showed aqueous humour flow through interstitial spaces of the
ciliary muscle into the suprachoroidal spaces, moving into the sclera. While removal of proteins from
the eye is critical for optical clarity, the clearance route of these proteins has been unclear under the
assumption that the eye is devoid of lymphatics[360]. Fairly recently, using endothelial cell markers,
podoplanin, a transmembrane mucin- type glycoprotein, specifically detected with D2-40 antibody
[361] and lymphatic endothelial hyaluronan receptor-1(lymphatic vessels endothelium-1) (LYVE-
1)[362], Yucel et al.[360] determined the presence of lymphatic channels in the human ciliary body.
Lymphatics are highly permeable to large macromolecules, pathogens and migrant cells as
they lack continuous basement membrane and pericytes [363],[364],[365].
Several mechanisms are involved in the pathogenesis of inflammatory glaucoma, including
obstruction of the trabecular meshwork by inflammatory cells and proteins, trabeculitis, formation
of anterior and/or posterior synechiae, pupillary block, neovascularisation, and anterior rotation of
the lens-iris diaphragm. In addition, the use of steroids to control intraocular inflammation may

cause secondary elevation of IOP [366],[354].

Inflammatory cells have a cytotoxic effect on tissues and induce the formation of arachidonic acid,
cytokines, proteolytic enzymes, and free radical molecules. Inflammation and tissue necrosis could
trigger the IOP rise by a direct action on trabecular endothelial cells, by the formation of peripheral

anterior synechiae or by a combination of both mechanisms [352].

Looking at the relationship between aqueous humour protein level and outflow facility in
patients with uveitis, Ladas et al.[367] found that the 