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Foreword

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

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

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

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

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

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



Preface

Essentials in Ophthalmology is a publication se-
ries that includes eight volumes covering the
following topics: Glaucoma, Cataract and Re-
fractive Surgery, Uveitis and Immunological
Disorders, Vitreo-Retinal Surgery, Medical Reti-
na, Ocular Plastics and Orbit, Neuro-Ophthal-
mology, Paediatric Ophthalmology, and Cornea
and External Eye Disease. A volume on each
topic will be published every 2 years with one
being published each quarter. Every 2years,
each volume will be repeated in a new and up-
dated version with different topics.

Each volume is designed to bridge the gap
between primary research literature and daily
practice. Although current and practical infor-
mation is stressed in each volume, the latest in
research information and directions is also
highlighted. The series is designed to be user
friendly with numerous tables and illustrations.
The target audience includes ophthalmologists
and optometrists in practice and training as
well as libraries.

The third volume in this series is entitled
Uveitis and Immunological Disorders. Our knowl-
edge and understanding of these diseases has
increased exponentially over the past decade,
especially in the areas of immunopathogenesis
and immunogenetics. This volume will provide
the practitioner with practical information on
how to diagnose and treat these difficult and, in
some cases, blinding disorders. In addition,

there are important discussions of mechanisms
underlying these conditions that incorporate
the most recent, up-to-date research material
available. A “Summary for the Clinician” as well
as “Core Messages” enhance the value of the
chapters. These aids will help the reader to focus
on the important messages in each chapter.

The scope of chapters ranges from diseases
that are relatively common and usually require
only topical therapy such as ocular allergy and
dry eye to diseases that may result in blindness
without systemic therapy such as ocular cicatri-
cial pemphigoid, scleritis and some forms of
uveitis. Two of the chapters, “Immune Mecha-
nisms in Uveitis” and “Uveitis and Genetics”,
provide the reader with the latest laboratory re-
search in these areas.

This volume has information of interest to a
wide range of ophthalmic subspecialists. For ex-
ample, the anterior segment subspecialist will
find an interest in subjects such as ocular aller-
gy, dry eye, cicatricial pemphigoid, corneal trans-
plantation, scleritis and herpes viruses. Retina
and uveitis specialists will have a special interest
in the chapters dealing with uveitis and its
mechanisms and therapy, including medical
and surgical. Lastly, the chapter covering uveitis
in children provides important and useful in-
formation for paediatric ophthalmologists.

UWE PLEYER
BARTLY MONDINO
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Targets in Ocular Allergy

ALESSANDRA MICERA, SERGIO BONINI, ALESSANDRO LAMBIASE,

ROBERTO SGRULLETTA, STEFANO BONINT

e Allergic conjunctivitis is inflammation of
the ocular surface with IgE, cells, cytokines
and mediators

Several chemokines/adhesion molecules,
cytokines and neuropeptides are
detectable in situ in allergic conjunctival
tissues

Growth factors, and mainly nerve growth
factor (NGF) and transforming growth
factor $1 (TGF-B1),are also found to be
increased in the blood, tears and tissues

of patients with allergic conjunctivitis

A significant correlation is observed
between plasma levels of NGF and the
increased number of mast cells (MCs)

and eosinophils (EOSs) in the tarsal

and bulbar vernal keratoconjunctivitis
(VKC) conjunctiva

Fibrosis can be observed in the conjunctiva
of VKC (giant papillae formations) as a
consequent manifestation of allergy
Overproduction and deposition of colla-
gens and tissue remodelling in VKC may be
due to imbalance of matrix metallopro-
teinases and their physiological inhibitors
Various growth factors (NGF, TGF-B1) and
cytokines, produced by both inflammatory
and stromal cells, have been proposed to
cause tissue repair

VKC and atopic keratoconjunctivitis (AKC)
diseases can compromise the cornea,

with ulcers and scarring ultimately leading
to visual loss

1.1
Introduction

Allergy or type I hypersensitivity is an im-
munoglobulin E (IgE) driven reaction that can
take place in different organs. The effector phas-
es of IgE-associated immune responses occur in
three temporal patterns: (1) an acute reaction,
which develops within seconds or minutes after
allergen exposure; (2) a late phase reaction,
which develops within a few hours after allergen
exposure; and (3) a chronic inflammatory re-
sponse, which can persist for days, months or
years [1]. Allergic inflammatory disorders may
result in ocular surface allergy, and in most cas-
es ocular allergy is associated with other sys-
temic allergies such as rhinoconjunctivitis [1].
The immunopathogenic mechanisms in allergic
disorders involve a combination of IgE-mediat-
ed and T-cell-mediated responses. Type-2 T-
helper lymphocytes are predominant in in-
flamed allergic conjunctival tissues [2]. They
are thought to play a prominent role in the de-
velopment of allergic disorders by producing
regulatory and inflammatory cytokines such as
interleukin (IL)-3 (local differentiation of mast
cells and eosinophils), IL-4 (development of
mast cells, IgE synthesis and vascular cell adhe-
sion molecules) and IL-13 and IL-5 (develop-
ment of eosinophils, eosinophil chemotaxic,
survival and degranulation) [1]. The IgE-medi-
ated conjunctival allergic reaction can be repro-
duced easily by specific conjunctival provoca-
tion, which induces an early reaction followed
by a predominant infiltration of eosinophils
(EOSs) and mast cells (MCs), which are thought
to play a pivotal role in disease pathogenesis [3].
EOSs and their proteins (ECP) are increased
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and activated in tears and tissues of all allergic
eye diseases even though the mechanisms of
EOS recruitment to the ocular surface are not
completely understood [4]. Tear fluid has also
been found to contain a small quantity of hista-
mine and tryptase [5], well-known products of
MCs [1]. Interestingly, the conjunctival epitheli-
um has also been considered to play a key role
in ocular allergic disorders [6].

1.2
Chronic Allergic Eye Diseases

Chronic allergic ocular disease encompasses
several disorders, such as seasonal atopic con-
junctivitis, perennial atopic conjunctivitis,
atopic keratoconjunctivitis (AKC) and vernal
keratoconjunctivitis (VKC) [7]. Seasonal atopic
conjunctivitis (SAC) is a time-limited disease
and in most cases conjunctivitis is only one
manifestation of additional allergic reactions
(rhinitis, hay fever or a hay fever like sympto-
matology, and in severe cases conjunctivitis is
associated with different forms of pulmonary
affection). Atopic keratoconjunctivitis is a se-
vere, bilateral, ocular allergic disease affecting
adults. A familial history for atopy and an asso-
ciation with systemic atopic dermatitis are com-
mon. Symptoms commonly include itching,
burning, and tearing. Signs include involvement
of mainly upper conjunctiva in the form of a
papillary conjunctivitis. The corneal epithelium
reveals mild to moderate inflammatory changes
that can result in scarring and neovasculariza-
tion leading to blindness. Many patients may
develop associated staphylococcal blepharitis.
Ocular complications include blepharoconjunc-
tivitis, cataract, ocular herpes simplex and kera-
toconus. Vernal keratoconjunctivitis is essen-
tially a chronic recurrent seasonal childhood
disease (worldwide spread, especially in coun-
tries around the Mediterranean basin), which in
approximately half the children’s population is
associated with other allergic manifestations
[8]. Unlike severe AKC, VKC tends to resolve
spontaneously after several years. Genetic stud-
ies have not been performed that confirm a re-
lationship of VKC with a particular genotype.
The disease is mostly seasonal, lasting from the

beginning of spring (marked exacerbation of
clinical symptoms) until autumn/winter
(milder symptoms), even though for children
the disease remains variably active the year
around. Nevertheless, perennial cases that are
persistent throughout the year are not rare, es-
pecially in patients living in warm subtropical
or desert climates. Its predominance during the
high pollen season highly strengthens the wide-
ly accepted hypothesis that VKC is an immuno-
logically mediated hypersensitivity reaction to
environmental antigens. The characteristic fea-
tures of the two clinical forms of VKC, the giant
papillae on the upper tarsal conjunctiva (tarsal
VKC) or the gelatinous limbal infiltrates (limbal
VKC), leave no doubt as to the diagnosis of ver-
nal disease. All VKC forms are characterized by
intense itching, tearing, mucous secretions and
a severe photophobia that often forces children
to live virtually in the dark. The commonly not-
ed foreign body sensation is caused by conjunc-
tival surface irregularity and copious mucous
secretions, while the presence of pain is indica-
tive of a compromised cornea, which can be
present in the form of a superficial punctate
keratitis, epithelial macroerosions or ulcers and
plaque. According to the other allergic conjunc-
tivitis, pronounced infiltration of lymphocytes,
mainly of the Th2 subtype, EOSs and MCs has
been reported for VKC [4, 6, 9]. In particular,
Th2-derived IL-4 and IL-13, essential to IgE an-
tibody production in tissue eosinophilia and
asthma airway remodelling [1], have been re-
ported in tears of both VKC and AKC as well as
in patients with SAC, VKC and AKC, respective-

ly [10].

13
Effector Cells and Cytokine Release

Allergic conjunctivitis is due to direct exposure
of the ocular mucosal surfaces to environmental
allergens. The pathogenesis of allergic conjunc-
tival disorders is multifactorial and not fully
understood. Ragweed represents the primary
responsible allergen (75% of cases of rhino-
conjunctivitis). Conjunctival symptoms include
itching, tearing, and perhaps burning. Clinical
examination may reveal various forms of im-
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munologic reaction, all of these presenting as
various forms of “red eye”. Photophobia and
blurred vision may also occur. Clinical signs in-
clude milky or pale pink conjunctivae with vas-
cular congestion, which may progress to con-
junctival swelling (chemosis). The immunology
hypersensitivity reactions include mast cell de-
granulation, eosinophils, and other inflamma-
tory cells and modulators. The hallmark and ef-
fector cells of allergic phenomena are mast cells
and eosinophils.

Mast cells (MCs) are bone-marrow-derived
tissue cells containing prominent cytoplasmic
granules. They have a clear and pivotal role in
allergy, but also take part in wound healing and
native immunity [11]. In type I hypersensitivity
reactions, MCs elicit the early stages of the aller-
gic inflammatory response. In fact the cross-
linking of IgE antibodies bound to high-affinity
IgE receptors by the antigen and the release of
various preformed (histamine) and newly syn-
thesized mediators causes immediate MC de-
granulation. In addition, the later release of
chemiotactic factors, cytokines and chemo-
kines, from activated MCs also induces the on-
set of the late-phase reaction, characterized by
tissue infiltration and activation of various in-
flammatory cells and notably the eosinophils.
The cytokines/growth factors detected in situ in
human MCs include interleukin (IL)-3, IL-4,
IL-5, IL-6, IL-8, IL-10, IL-13, IL-16, tumor necro-
sis factor-a (TNF-a), vascular endothelial
growth factor (VEGF), granulocyte/monocyte-
colony forming factor (GM-CSF), stem cell
factor (SCF), nerve growth factor (NGF), fibrob-
last growth factor (B-FGF) and MIP-1x [12]. In
particular, by releasing IL-5, GM-CSE, TNF-a,
and tryptase, MCs promote eosinophil recruit-
ment, activation and survival into the tissue
[12].

Eosinophils (EOSs) are blood granulocytes
produced in the bone marrow under the influ-
ence of IL-3,IL-5 and GM-CSF that infiltrate the
tissues in various pathological situations, such
as parasitic infections, allergic inflammation
and neoplastic diseases [13]. EOSs possess cyto-
plasmic granules that, among non-EOS-specific
mediators, contain characteristically preformed
basic proteins, namely EOS peroxidase (EPO),
EOS-derived neurotoxin (EDN), major basic

protein (MBP), and EOS cationic protein (ECP).
Recently, it has been reported that EOSs main-
tain their ability to release ECP even after re-
peated stimulation, implying that mature EOSs
may not require a significant ECP resynthesis
[14]. In addition, their secretory granules con-
tain several preformed cytokines such as GM-
CSFE, IL-2, IL-6, IL-4, IL-5, transforming growth
factor f (TGF-B), NGF and TNF-a. The presence
of EOSs in inflammation and allergy has been
recognized as the critical element inducing the
inflammatory process and causing tissue dam-
age, even though more recently EOS presence
has also been associated with tissue repair. An-
other recent observation is that an MC-EOS
cross-talk exists that may amplify the local al-
lergic inflammatory response [12]. MCs en-
hance EOS survival and functional activity by
TNF-a and tryptase and EOSs cause histamine,
GM-CSF and PGD, release from MC by MBP
and SCE Moreover, other mediators such as
GM-CSEF, IL-3, y-IFN and NGF also take part
in this cellular cross-talk [12]. Early studies
have shown a role for different growth factors in
the growth and survival of both MCs and EOSs
[12].

14
Chemokines and Adhesion Molecules

Chemokines and adhesion molecules have been
found to strengthen associated with the selec-
tive infiltrate entity observed in these ocular
disorders, controlling the specific cell recruit-
ment in the conjunctiva [15, 16]. Chemokines
have been shown specifically to attract and acti-
vate EOSs [17], acting through chemokine
receptor-3 (CCR3) expressed on EOSs [17]. In-
creased eotaxin-1 and eotaxin-2 (a recently dis-
covered chemokine that is functionally very
similar to eotaxin-1) preferentially recruit cir-
culating EOSs, attracting them to the epithelium
and subepithelial stroma and inducing EOS de-
granulation with release of epithelium-damag-
ing proteins [17]. A recent study showed that
cultured conjunctival FBs produce eotaxin-1 in
response to IL-4,IL-13 and TNF-a, strongly sup-
porting the hypothesis of a real contribution of
FBs in allergic status [18]. These EOS-derived
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compounds have been shown to be highly con-
centrated in tears of all allergic patients, like-
wise representing a diagnostic marker, mainly
localized in corneal ulcers and highly toxic to
corneal epithelial cells. In normal conjunctiva,
the adhesion molecule ICAM-1 is downregulat-
ed and confined to the vascular endothelium.
Otherwise, ICAM-1/-3 expression is highly in-
creased in active VKC biopsies and not confined
to the lower levels, but expressed by vascular,
epithelial, stromal and inflammatory cells [19].
ICAM-1 is necessary to monocyte, lymphocyte
and neutrophil adhesion to activated endotheli-
um. Several proinflammatory cytokines con-
tribute ICAM-1 induction [19].

IgE-dependent
activation

Non IgE-dependent

allergen

Histamine, Tryptase,

1.5
Neuropeptide and Growth Factor
Involvement

Allergic inflammation might also follow the re-
lease of neuropeptides, mainly substance P, as
observed in VKC [20], which cause characteris-
tic features of allergic inflammation, including
vasodilatation, increased vascular permeability
and a contribution to further release of hista-
mine from MCs. Specifically, tryptase- and his-
tamine-releasing factors might greatly con-
tribute to SP release and to amplifying the
chronic allergic reaction, triggering nerves to
release neuropeptides by binding to protease-
activated receptors.

INF-o RI-II

TNF-a, NGF >

MBP,SCF,NGF, 1L-6

Differentiation MCs Tryptase TR
Survival/Apoptosis Histamine, GF
Activation NGF ﬁl

SCF

NGF

Late phase
Chronic symptoms
""'m—-—
FB/MyoFB

Migration, Proliferation,Collagen synthesis
MMPs and TIMPs, oi—smooth muscle actin phenotype

Fig.1.1. A possible cross-talk between mast cells
(MCs), eosinophils (EOS) and fibroblasts (FBs) during
the early and late phase of allergic reactions. MCs and
EOS effects exerted on FBs seem to be related to the
release of either fibrogenic or fibrolytic mediators in-

fluencing tissue repair/fibrosis. Furthermore, FBs in-
fluenced MCs and EOS by increasing their survival
and functional activity and contributing to the local
inflammation
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Growth factors, and mainly NGF and TGF-p1
[21], are also found increased in the blood, tears
and tissues of patients with allergic conjunctivi-
tis. NGF involvement in allergic disorders was
postulated after the discovery of an increased
NGF plasma level in patients with VKC, which
correlated with increased total IgE levels and
ECP [22]. A significant correlation was also ob-
served between plasma levels of NGF and the
increased number of MCs and EOSs in the tarsal
and bulbar VKC conjunctiva [22]. The discovery
of the increased NGF plasma levels in VKC
prompted the investigation of the presence of
NGF in other allergic rhinoconjunctivitis [23].
The fact that NGF levels correlated with total
IgE antibody titre strengthens support for the
hypothesis of a link between NGF and an aller-
gic response in the visual system [24]. Addition-
al evidence of an involvement of NGF and NGF
receptors in allergic ocular disorders has come
from a newly described ocular allergic condi-
tion, named inflamed juvenile conjunctival ne-
vus (IJCN [25]). In the conjunctiva of IJCN pa-
tients increased EOSs and MCs have been found
to synthesize and release NGF as well as express
its specific receptor [25]. The increase in the lo-
cal NGF expression has been correlated to an in-
cremented number of MCs and EOSs [25]. TGF-
B1 has been reported in several active VKC
patients, mainly as a source of EOSs, without
significant differences between the tarsal and
the limbal forms [26]. Increased levels of TGF-
P1,together with IL-1and IL-6,in active VKC tis-
sues and tears indicate a local production of
these cytokines, mainly of EOS derivation [26].
Moreover, these increased levels of TGF-f1, IL-1
and IL-6 might be related to collagen hyperpro-
duction [26]. Taken together, all these data indi-
cate that growth factors are synthesized, re-
leased and utilized by MCs, EOSs and FBs, and
that NGF and TGF-p1 might be viewed as an ad-
ditional marker of ocular allergic conditions as
a result of their relevant association with aller-
gic ocular disorders (Fig. 1.1).

1.6
Tissue Remodelling
and the Contribution of Fibroblasts

Tissue remodelling and formation of giant
papillae are some of the consequences of chron-
ic allergic disorders, including the eye [1, 21]. Re-
modelling involves both production and depo-
sition of extracellular matrix (ECM) compo-
nents, as well as degradation and clearance of
newly synthesized products [21]. Any inflamma-
tory reaction can induce tissue damage and a
resulting healing process, which is a very com-
plex event involving interactions of both in-
flammatory and structural cells [1]. Three main
overlapping phases have been identified in tis-
sue response to injury, which can continue for
months to years: inflammation, granulation tis-
sue formation - including fibroblast (FB) prolif-
eration, migration, differentiation and remodel-
ling. This process can be physiological and well
balanced or can result in an exaggerated patho-
logical process, which includes remodelling
and/or fibrosis [21]. FBs represent the main tar-
get and effector cells of these processes due to
their ability to migrate to the injured area, pro-
liferate, produce ECM, differentiate into myofi-
broblasts (myoFBs) and finally to contract the
wound [21]. Previously viewed as simple struc-
tural cells providing the cellular and ECM scaf-
fold to tissues, FBs are now recognized as regu-
latory cells exerting active roles in tissue
homeostasis, by producing cytokines and sever-
al growth factors with autocrine/paracrine ac-
tivities [12]. Several in vitro studies suggest that
myoFBs may play a role in fibrosis, remodelling,
and repair processes associated with IgE-medi-
ated hypersensitivity, at least in other organs
where chronic allergic conditions might devel-
op [21]. MyoFBs are specialized cells thought
to rise locally from FBs and displaying the
contractile protein oa-smooth muscle actin
(o-SMA). MyoFBs represent the main transient
cellular phenotype responsible for wound con-
traction and their deletion, via apoptosis, or as
recently hypothesized via their phenotypical re-
version to FBs, is necessary to terminate suc-
cessfully the repair process. Although somewhat
controversial, prolonged survival of myoFBs
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Fig. 1.2. Repeated/prolonged exposure of the ocular
surface to allergens can lead to a perpetuation of local
inflammation and damage (mediators from both
mast cells and eosinophils), resulting in a repair
process due to migration/proliferation/active metab-

might contribute to the abnormal ECM deposi-
tion and fibrosis.

Fibrosis can be observed in the conjunctiva
of VKC, an interesting example of a chronic
inflammatory response result in tissue remod-
elling (Fig.1.2). In VKC, fibrosis can be a conse-
quent and sometimes a concomitant mani-
festation of allergy [27], and only recently have
the role of FBs and myoFBs in VKC fibrosis been
taken into consideration. Structural changes in
the conjunctiva, such as giant papillae forma-
tion, epithelial in growth, and subepithelial fi-
brosis associated with ECM deposition, are
present and may contribute to the chronicity of
the disease. No data have been reported on the
presence of myoFBs in VKC. Normal cultured
conjunctival FBs are induced to express a-SMA
protein upon growth factor stimulation, and

olism of fibroblasts/myofibroblasts. Remodelling of
the entire structure might sometimes induce func-
tion decline. In the frame is shown a picture from a
VKC biopsy stained for haematoxylin and eosin

VKC derived FBs directly express this protein
(Micera et al., unpublished data). FBs from VKC
biopsies express in vitro a-SMA protein and ap-
pear to have a cytokine profile typical of activat-
ed myoFBs (Micera et al., unpublished data).

1.7
Metabolism of Extracellular Matrix

The analysis of ECM in VKC demonstrated a
reduction in proteoglycans and a substantial
increase in total collagen with an altered ratio
between collagen type I and III, due to a consis-
tent increase in collagen type III [27]. Moreover,
a high amount of procollagens type I and III in
the tears during active tarsal VKC has also been
reported. This increased deposition of collagen
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types I, IIl and IV in the giant papillae might be
viewed as a result of increased expression of
cytokines and growth factors from EOS, MCs or
other inflammatory cells which are known to
stimulate resident FBs to overproduce ECM.
Thus, in vitro VKC-derived FBs spontaneously
produce collagen types I and III (Micera et al.,
unpublished data). The Tha2-type IL-4 and -13
seem to control collagens I and IIT on normal
FBs, whereas Thi-type derived IFN-y may have
an inhibitory effect on FBs, according to other
tissues [1]. Overproduction and deposition of
collagens and tissue remodelling may be due to
an imbalance between matrix metalloproteinas-
es (MMPs) and their physiological inhibitors,
tissue inhibitors of MMPs (TIMPs). Thus, MMP-
1 and MMP-9 were found altered in the tear in
VKC [28]. MMPs are a family of zinc- and calci-
um-dependent enzymes involved in many phys-
iological and pathologic processes, including
progression of tumours, metastasis, inflamma-
tory diseases, and wound healing, by several
cytokines. Some of the 17 known members of
the human MMP family, collagenase I (MMP-1),
gelatinase A and B (MMP-2 and -9), stromelysin
(MMP-3), and matrilysin (MMP-7), are those
most involved in anterior segment disease and
wound healing. These enzymes are produced
and secreted by a variety of cells, including ep-
ithelial cells, inflammatory cells, and conjuncti-
val FBs. MMP-1 can cleave the triple helix of in-
terstitial collagen types I,1I,and III. Stromelysin
and matrilysin are involved in degrading a vari-
ety of ECM components such as proteoglycans,
fibronectin, and laminin. Gelatinase A and B are
involved in cleaving collagen types IV (the main
component of basal membrane), V, VII, and X;
fibronectin; laminin; elastin; and collagen
degradation products; and TIMP-11is the natural
inhibitor of both collagenase I and gelatinase.
Various growth factors and cytokines, pro-
duced by both inflammatory and stromal cells,
have been proposed to cause tissue repair. How-
ever, the main pro-fibrogenic factor remains
TGEF- [21] , which is responsible for the stimu-
lation of ECM formation, the inhibition of its
degradation and the chemoattraction of FBs.
There are three different isoforms of TGF-f,
namely TGF-f1 (mainly profibrogenic), TGF-f2
(mainly immunoregulatory) and TGF-B3. TGF-

f1 is the main isoform involved in the fibrotic
process [21]. TGF-f1 is not the only growth fac-
tor found increased in ocular allergic disorders
showing tissue remodelling [21]. NGF recently
has been postulated to be another growth factor
important in the stromal-epithelial interaction
during the wound-healing processes occurring
in different organs [29]. The healing effect of
topical long-term treatment of NGF of human
corneal neurotrophic ulcers has indicated that
this factor might influence FBs, myoFBs and ep-
ithelial cells during the repair process occurring
in the eye [29], showing the potential of NGF as
a pharmacological tool for disorders character-
ized by impaired healing.

Finally, VKC and AKC diseases can compro-
mise the cornea severely, with ulcers and scar-
ring ultimately leading to visual loss. In partic-
ular, VKC affected boys and AKC patients might
develop keratoconus [30]. Whether these chil-
dren develop keratoconus as a result of a sus-
ceptible genetic background or as a secondary
manifestation remains an open question.

Summary for the Clinician

e Ocular allergic manifestations range from
mild to severe diseases

e Itching is a cardinal symptom: no itching,
no allergy!

e Transient or persistent corneal damage rep-
resents signs of the severity of the disease
and is the expression of severe inflamma-
tion

o In the mildest form a common treatment
may be suggested (multiple action drugs)

o Topical steroids or topically available new
immunosuppressive agents such as cy-
closporine represent alternative treatment
for severe diseases

1.8
Conclusions

The topical therapy for chronic allergic ocular
disorders implies the use of steroids to quieten
the disease and of MC stabilizers or leukotriene
inhibitors, mainly in association with steroid
treatment. MCs and EOSs have been shown to
participate in the development of allergic in-
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flammatory disorders and tissue repair/fibrosis
by modulating the activities of immunocompe-
tent cells and of FBs and ECM homeostasis. MC
and EOS effects exerted on FBs seem to be relat-
ed to the production of different mediators and
in turn FBs can promote local inflammation by
producing factors responsible for recruitment,
adhesion or cell activation. This would imply
that novel immunotherapeutic tools directed to
different targets, including antagonists of some
cytokines or growth factors, should be studied
to develop new strategies for controlling espe-
cially MC activation, EO recruitment, and Th2
activity.
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Dry Eye: Inflammation of the Lacrimal Functional Unit

STEPHEN C. PFLUGFELDER, MICHAEL E. STERN

e Dry eye (LKC, lacrimal keratoconjunctivitis)
can best be defined as a disease resulting
in altered tear film composition
Regardless of the aetiology, systemic
autoimmune disease such as Sjogren’s
syndrome or local autoimmune diseases
such as keratoconjunctivitis sicca, patients
will have an immune based inflammation
of the ocular surface and lacrimal glands
e Tears are secreted by the “lacrimal function-
al unit” composed of the ocular surface,
the main and accessory lacrimal glands
and the interconnecting innervation
Current concepts of the tear film define
it as a mucin/aqueous gel covered by
a layer of lipid
A decrease in systemic androgens associat-
ed with aging or various pathologies has
been found to be one of the predisposing
factors behind the initiation of LKC
e Effects on the ocular surface in patients
with LKC include an increase in apoptosis
(programmed cell death)

2.1
Introduction

2.1.1
Basics

Dry eye disease has traditionally been defined
as a tear deficiency. Research over the past
decade, however, has led to an appreciation of
the central role that ocular surface inflamma-
tion plays in dry eye disease. Dry eye may now

be viewed as a syndrome in which an unstable
tear film of altered composition fails to support
ocular epithelial health and instead promotes
ocular surface inflammation.

Recent research has also led to recognition
that the ocular surface and tear secreting glands
act in concert as a functional unit [33, 41]. The
lacrimal functional unit maintains ocular sur-
face health by a homeostatic mechanism: senso-
ry neural input from the ocular surface is inte-
grated and directed to the secretory apparatus
in order to manipulate the volume and compo-
sition of the tear film (Fig. 2.1).

Dry eye disease can arise in a number of dif-
ferent ways. For example, Sjogren’s syndrome, a
systemic autoimmune disease, probably initi-
ates dry eye by autoimmune-mediated inflam-
mation of the lacrimal glands, causing altered
tear volume and composition (including proin-
flammatory cytokines), in turn leading to in-
flammation of ocular surface tissues.In another
example, disease of the meibomian glands,
which secrete the lipid layer protecting the tear
film, may initially impact tear composition by
allowing excess evaporation, later causing ocu-
lar surface inflammation, which can impact
neural control of the lacrimal glands. Intercon-
nectedness within the lacrimal functional unit
means that the varied causes of dry eye disease
all eventually manifest an unstable, proinflam-
matory tear film, which leads to inflammation
of the ocular surface (Fig. 2.2), including apop-
tosis of epithelial cells within the main and ac-
cessory lacrimal glands and the conjunctiva,
and chronic firing of ocular surface sensory
nerves, experienced as ocular pain. In the past,
the ocular surface disease associated with dry
eye has been called keratoconjunctivitis sicca;
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however, the term lacrimal keratoconjunctivitis
(LKC) seems a more accurate description, in
that dryness is not initially evident, and will be
used in this article.

Estimates of the prevalence of dry eye vary
widely, probably because of different criteria
used in epidemiological studies. Prevalence es-
timates range from 0.7% of subjects 65 years
and older that had irritation symptoms togeth-
er with two clinical signs of LKC, to 15% who
self-reported ocular dryness symptoms [26,38].
Prevalence of dry eye disease increases with age,
is greater in women, and may increase over
time due to the advent of refractive surgeries
such as LASIK (laser-assisted intrastromal ker-
atomileusis). The disease pathophysiology can
be initiated by the interruption of corneal sen-
sory nerves that occurs during LASIK, causing
dysfunction of the lacrimal functional unit [7].
Costs to society, such as time lost from work
and the expense of medical care, must be sub-

control of gland function, hormonal im-
balance, and autoimmune disease can all
contribute to lacrimal gland dysfunction

stantial as well. As a suggestion of how substan-
tial, worldwide sales of artificial tears exceeded
$500 million in 2002.

2.1.2
Lacrimal Functional Unit

Tear flow is reflexively regulated by the lacrimal
functional unit (Fig. 2.1). The lacrimal function-
al unit comprises the ocular surface, including
the cornea, conjunctiva, and meibomian glands,
the main and accessory lacrimal glands, and the
neural network that connects them [33, 41]. Its
overall purpose is to maintain corneal clarity
and the quality of the image projected onto the
retina. Corneal clarity depends, in turn, on the
integrity of the tear film and the health of the
ocular surface.

The lacrimal functional unit operates by a
homeostatic mechanism. The status of the ocu-
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lar surface is monitored by sensory nerves car-
rying information to the lacrimal centre in the
brain stem. Autonomic secretomotor nerves di-
rect secretory tissues and glands, including the
main and accessory lacrimal glands, the meibo-
mian glands, and the conjunctival goblet cells.
The major variables which can be adjusted to
influence the system’s status (and thereby main-
tain or return to stasis) are the volume and com-
position of the tear film [33, 41].

The tear film serves four important func-
tions: it provides a smooth optical surface for
normal vision, it maintains ocular surface com-
fort, it protects ocular surface tissues from envi-
ronmental and infectious insults, and it contain
factors important for maintenance of epithelial
cell health. The tear film and the anterior sur-
face of the cornea combine to provide approxi-
mately 80 % of the refractive power for the eye’s
focusing mechanism. Small changes in tear film
stability and volume can result in tear film
break-up, causing optical aberrations that can
significantly degrade the quality of vision, pri-
marily by decrease in contrast sensitivity. Tear
film break-up likely contributes to the visual fa-
tigue and photophobia experienced by many
LKC patients [4]. Ocular surface comfort de-
pends on the tear film’s lubricating properties,
which decrease the shear forces exerted by the
superior lid margin during a normal blink cycle
[6]. The mucin layer of the tear film is critical
for this lubrication. The tear film protects the oc-
ular surface, the most environmentally exposed
mucosal surface of the body, from extremes of
temperature and humidity, allergens, irritants
and infectious agents. The surface lipid layer, se-
creted by the meibomian glands, prevents evap-
oration of the aqueous component and conse-
quent increases in osmolarity of the tear film in
adverse environments. Some of the proteins
present in the tear film, such as immunoglobulin
A, lactoferrin, lysozyme, and peroxidase, help re-
sist bacterial or viral infections. Because the
corneal epithelium lacks vasculature, it is de-
pendent on tear film electrolytes and oxygen for
tissue health, and on tear film growth factors to
stimulate the constant regeneration of the
corneal epithelium and for wound healing. An-
tioxidants in the tear film help maintain a reduc-
ing environment and scavenge free radicals.

Traditionally the tear film was envisioned as
three distinct components: a mucin layer coat-
ing the surface epithelium, an aqueous layer
making up the majority of the tear film, and a
thin lipid layer sitting on top to slow evapora-
tion. That view has evolved to the currently pro-
posed structure of a mucin/aqueous gel con-
taining electrolytes, proteins, and regulatory
factors that decreases in density toward the
lipid layer (Table 2.1) [6, 33]. The mucin compo-
nent functions as a surfactant for the ocular sur-
face, allowing the tear film to spread evenly over
the hydrophobic epithelium. It includes the gly-
cocalyx, composed of transmembrane mucins
anchored to the epithelial cell surface [11], and
soluble mucins, shed by epithelial cells and
secreted by conjunctival goblet cells and the
lacrimal glands [16]. Soluble mucins interact
with the glycocalyx and the aqueous component
to form a water-trapping gel. The mucin compo-
nent may also help prevent adherence of inflam-
matory cells, bacteria, and debris to the ocular
surface [11]. The aqueous component solubilizes
oxygen, electrolytes, and numerous proteins
and regulatory factors. Normal tear osmolarity,
about 300 mOsm/], is important to maintain
normal epithelial cell volume, for maintenance
of correct nerve membrane potential, and for
cellular homeostasis and secretory function.
The main and accessory lacrimal glands secrete
the aqueous component of tears, although their
relative contributions to tear volume are unre-
solved. The main lacrimal gland is responsible
for reflex tearing, which can flush infective or ir-
ritating particles from the ocular surface. The
composition of the lipid layer is complex, with
polar lipids found mostly at the lipid-aqueous
interface, and non-polar lipids found at the
lipid-air interface. The very diverse array of
lipids found in the tear film are secreted by the
meibomian glands, whose ducts exit just anteri-
or to the mucocutaneous junction of the lids.
Blinking helps to spread the lipid layer uniform-
ly over the tear film surface,a process assisted by
the low surface tension of the lipid-air interface.

The lacrimal functional unit is provided in-
formation about the status of the ocular surface
by afferent innervation via the first (oph-
thalmic) division of the trigeminal ganglion (or
the second division for the lower lid). The
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Table 2.1. Components of the tear film

Lipid Meibomian glands
Aqueous Main and accessory lacrimal glands
Mucin Goblet cells, epithelia, lacrimal glands

Minimize evaporation
Solubilize mucins, electrolytes, proteins
Flush irritants (reflex tears)

Lubrication; surfactant between
hydrophobic epithelium and aqueous
component

cornea, the most densely innervated epithelial
surface in the body, and the rest of the ocular
surface epithelia are populated by sensory neu-
ral receptors of a morphologically unspecified
type, called free nerve endings. Sensations
evoked are painful in nature, but aside from rel-
atively infrequent traumatic events such as de-
bris on the corneal surface, they are usually sub-
conscious, and an individual is unaware of
sensory input from the ocular surface. Reflex
tearing and eyelid closure are the obvious re-
sponses to stimulation of corneal nerves.
Nerves from the parasympathetic spheno-
palatine (pterygopalatine) ganglion are associ-
ated with the secretory glands of the lacrimal
functional unit. Parasympathetic cholinergic
nerves are primarily responsible for signalling
reflex tear secretion, and acetylcholine (M,) re-
ceptors are present on secretory epithelia of
lacrimal glands and on mucin-producing goblet
cells in the conjunctiva [5]. Other parasympa-
thetic neurotransmitters have also been detect-
ed near the lacrimal epithelium and meibomian
glands [13]. Evidence for nerves of sympathetic
origin has been found for the main and accesso-
ry lacrimal glands, the meibomian glands, and
conjunctival goblet cells. Maintenance of the
lacrimal gland secretory environment is also
regulated by serum-derived factors, including
androgen, oestrogen, progesterone, cortisol, in-
sulin, thyroxin, and growth factors [43].
Lacrimal glands are composed of numerous
lobules with secretory acini and ducts that con-
verge into excretory ducts. The acini appear as
rosettes of polarized columnar secretory epithe-
lial cells in cross section whose apical surfaces
terminate in the central lumen. The mid and api-
cal regions of acinar cells contain numerous se-

cretory granules of protein products to be re-
leased, whereas the basal regions contain the nu-
cleus surrounded by a prominent endoplasmic
reticulum and Golgi apparatus. When a neuro-
transmitter molecule binds a cognate receptor
on the exterior of the acinar cell’s basolateral
membrane, it activates heterotrimeric G pro-
teins on the cytoplasmic side [13, 25]. Their G,
subunits dissociate, exchange GDP for GTP, and
initiate a cascade of intracellular regulatory
events leading to Ca2* influx and elevated cAMP.
These mediators cause preformed transport
vesicles (derived from the Golgi apparatus), con-
taining proteins destined for secretion, to fuse
with the apical cell membrane of the acinar cell,
releasing the vesicle contents [44]. Secretion of
water by lacrimal epithelial cells depends mostly
on osmotic pressure generated by secretion of
electrolytes, although secretion of proteins and
mucins may contribute. The same receptor bind-
ing event that triggers protein secretion activates
at least seven ion transporters that function to-
gether to secrete Nat, K+, and Cl- ions, resulting
in secretion of water into the lacrimal ducts [45].

2.2
Specific Pathologies
of the Lacrimal Functional Unit

2.2.1
Dysfunction of the Afferent System

Decreased afferent sensory input from the ocu-
lar surface results in decreased lacrimal func-
tion and epithelial mucin production, which in
turn can lead to LKC. For example, patients with
familial dysautonomia (Riley-Day syndrome), a
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hereditary sensory and autonomic neuropathy
that causes corneal anaesthesia, produce a re-
duced amount of tears when crying and suffer
from severe LKC. Their reflex lacrimation re-
sponse to irritants such as onion odour is ab-
sent; however, affected children produce abun-
dant tears after parenteral administration of a
cholinergic agonist, indicating that lacrimal
gland function is retained.

Surgical damage or amputation of trigemi-
nal afferent nerves is a common cause of re-
duced corneal sensation. It has long been recog-
nized that surgical sectioning of the trigeminal
ganglion (to relieve trigeminal neuralgia) leads
to LKC. Experimental trigeminal ablation in an-
imal studies decreased conjunctival goblet cell
density and corneal epithelial glycogen, and re-
sulted in morphological alterations of ocular
surface epithelia similar to those characteristic
of LKC. Ocular surgical procedures that de-
crease corneal sensation include penetrating
keratoplasty, photorefractive keratectomy, and
LASIK.

Several ocular and systemic diseases cause
trigeminal dysfunction and decreased tear pro-
duction. Herpes zoster ophthalmicus can re-
duce corneal sensation in the distribution of the
first division of the trigeminal nerve, and her-
pes simplex keratitis can result in sectoral or
diffuse reduction of corneal sensation; both
conditions can decrease tear production [12].
Diabetes mellitus can cause a polyneuropathy
that reduces corneal sensation and causes sec-
ondary tear deficit and LKC. Reduced corneal
sensation and aqueous tear deficiency are con-
sidered risk factors for diabetic keratoepithe-
liopathy.

2.2.2
Dysfunction of the Efferent System

Dysfunction of the efferent component of the
lacrimal functional unit can affect autonomic
nerves that stimulate tear secretion (secretory
fibres), or those that regulate eyelid blinking
and the tear drainage pump, or both. A common
cause of efferent dysfunction is use of systemic
anticholinergic medications, such as antihista-
mines, antispasmotics, antiemetics, and antide-

pressants [26]. Interestingly, a mechanism of se-
cretory dysfunction found in Sjogren’s syn-
drome may mimic the effects of anticholiner-
gics: circulating autoreactive antibodies inter-
act with M, acetylcholine receptors on lacrimal
gland secretory cells [2,15]. Age-related general-
ized dystrophy of the parasympathetic nervous
system can also decrease secretory drive.

2.2.3
Glandular Dysfunction

Dysfunction of lacrimal and other secretory
glands of the lacrimal functional units can re-
sult from a number of conditions (Table 2.2).
Sjogren’s syndrome is a major cause of dry
eye. It is a systemic autoimmune disease, prima-
rily of females, characterized by progressive
lymphocytic infiltration of lacrimal and sali-
vary glands, which results in aqueous tear defi-
ciency, LKC, and dry mouth. It can develop
secondarily to connective tissue disease, most
commonly rheumatoid arthritis. Specific au-
toantibodies are usually detectable. Lacrimal
dysfunction and LKC are typically more severe
in Sjogren’s syndrome patients than in non-Sj6-
gren’s patients [31]. Several mechanisms con-
tribute to lacrimal dysfunction in Sjogren’s
syndrome. The lymphocytic infiltrate, predom-
inately B and T helper (CD4%) cells, along with a
lesser proportion of cytotoxic T cells (CD8%), is
accompanied by disruption of normal lacrimal
gland architecture, with loss or dysfunction of
secretory acini and proliferation of ductal
epithelia [30]. Inflammatory cytokines released
by infiltrating lymphocytes and by diseased
epithelial cells can inhibit stimulation of
lacrimal secretion [interleukin (IL)-1], or may
promote apoptosis of lacrimal secretory epithe-
lia [tumour necrosis factor (TNF)-a, interferon
[INF]-y,IL-12 and IL-18] [19, 49]. Among the au-
toantibodies developed by Sjogren’s patients are
antibodies which bind the M; acetylcholine re-
ceptor on secretory epithelial cells in lacrimal
and salivary glands, and are proposed to inhibit
their neural stimulation [2, 15]. Aqueous tear
deficiency and altered tear composition, includ-
ing hyperosmolarity and elevated concentra-
tions of proinflammatory cytokines in tears,
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promote inflammation and additional patho-
logical changes of other ocular surface tissues,
contributing to LKC [41].

Decreased androgen levels and increased oe-
strogen levels are associated with Sjogren’s syn-
drome (and with other autoimmune diseases as
well), consistent with the fact that 90-95% of
Sjogren’s patients are female [43]. The exact
mechanisms are not yet elucidated, but may in-
volve the pervasive influences of these hor-
mones on innate and adaptive immunity.

Dry eye is a complication of acute and chron-
ic graft-versus-host disease. In this condition,
lacrimal production may be obstructed by accu-
mulation of normal-appearing granules, to-
gether with amorphous material and cellular
debris, in the acinar and ductule lumens. Tear
deficiency in patients suffering graft-versus
host disease may be accompanied by severe
LKC, conjunctival scarring, and corneal epithe-
lial defects [29].

Age-related degeneration, including patho-
logical changes such as atrophy, and lobular, dif-
fuse, and periductal fibrosis, may be the most
common cause of decreased lacrimal function
[8]. Decreased androgen levels [43] and aging
effects on corneal sensory nerves may con-
tribute to age-related lacrimal gland dysfunc-
tion. Immunological mechanisms may be
involved as well, although circulating auto-
antibodies are not evident in non-Sjégren’s LKC.

Table 2.3. Pathophysiology of the ocular surface in
lacrimal keratoconjunctivitis

2.3
Lacrimal Keratoconjunctivitis Inflammation

Dysfunction of the lacrimal functional unit
leads to ocular surface epithelial disease, which
has been traditionally called keratoconjunctivi-
tis sicca. We feel that the newly introduced term,
lacrimal keratoconjunctivitis (LKC), more com-
pletely describes the array of pathological fea-
tures associated with this syndrome (Table 2.3).
Although our view of ocular surface pathology
resulting from secretory dysfunction is in-
complete, changes in tear fluid composition
are clearly central in its development. As the
lacrimal functional unit fails, tear concentra-
tions of growth factors [for example, epidermal
growth factor EGF)] and anti-inflammatory fac-
tors decrease [28], and concentrations of proin-
flammatory cytokines, that can originate from
diseased lacrimal glands, meibomian glands, or
ocular surface epithelia, increase [32, 40]. Tear
concentrations of the soluble mucin, MUC5AC,
are decreased in Sjogren’s patients. Increased
levels of proteases, including plasmin and ma-
trix metalloproteinases (MMPs), profoundly
impact tear composition and corneal epithelial
integrity [39, 40]. Inflammation and neural sen-
sitization result, together with ocular surface
epithelial disease, the most clinically recogniza-
ble manifestation of LKC.

Table 2.2. Conditions associated with lacrimal dys-
function

Tear film
Tear film break-up, poor lubrication
Increased osmolarity and proinflammatory
cytokines

Cornea
Loss of epithelial barrier function

Conjunctiva
Squamous metaplasia
Apoptosis of epithelial cells
(especially goblet cells)
T-lymphocyte infiltration

Efferent dysfunction
Anticholinergics, anti-M; autoantibody

Lacrimal inflammation
Lymphocytic infiltration
Proinflammatory cytokines
Apoptosis
Hormonal imbalance
Decreased androgen/increased estrogen
Cicatricial obstruction of lacrimal ducts

Due to autoimmune and inflammatory
diseases
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2.3.1
Corneal Epithelial Disease

The decreased tear production and altered tear
composition associated with dysfunction of the
lacrimal functional unit contribute to poor lu-
brication of the ocular surface and a destabi-
lized tear film. This is evident clinically as rapid
tear break-up (see Sect. 1.4), with visible discon-
tinuities in the tear film [24, 34]. The unstable
tear film is associated with corneal epithelial
surface irregularities that are detectable by
computerized videokeratoscopy [4]. The blurred,
fluctuating vision, photosensitivity, and re-
duced contrast sensitivity reported by LKC
patients likely result from effects of corneal
epithelial disease.

The normal corneal epithelium is much less
permeable than the conjunctival epithelium be-
cause of its barrier function, which is critical for
corneal smoothness and clarity. Disruption of
the barrier function, assessed clinically by
increased permeability to fluorescein dye, is a
well-recognized feature of LKC: corneal epithe-
lial permeability in untreated dry eye patients is
2.7-3 times greater than in patients with normal
tear function. Studies of the rabbit cornea
showed that it is impermeable to molecules
larger than 3kDa in molecular weight, and that
the barrier to permeability lies entirely in the
epithelium. The permeability of reepithelialized
corneal tissue (after wounding) correlated with
the degree of surface vascularization: conjunc-
tival epithelium transdifferentiated into a
corneal phenotype with minimal vasculariza-
tion was relatively impermeable, whereas vas-
cularized epithelium retaining a conjunctival
phenotype displayed increased permeability
characteristic of conjunctival epithelium [14].
Disruption of the mucin layer associated with
cell membranes of apical corneal epithelial cells
may compromise their barrier function [9].
Deatbh, loss, or dysfunction of well differentiated
apical corneal epithelial cells, as can occur in
LKC, exposes the relatively permeable subapical
layer of less well differentiated cells, obviating
the corneal epithelial barrier function.

The corneal epithelial barrier function also
depends on the integrity of tight junctional

complexes between adjacent cells of the apical
epithelium. Exposure of cultured corneal ep-
ithelial cells to low concentrations of surfactants
or to a proinflammatory stimulus disrupted
tight junctions [47]. Altered expression of tight
junction complex proteins, such as ZO-1, ZO-2,
and occludin, or their proteolytic degradation,
appeared to be responsible for the disruption.
Hyperosmolar stress and proinflammatory
cytokines, conditions found on the ocular sur-
face in LKC, activate transcription factors NF-
KB and AP-1, which regulate tight junction de-
velopment, and such conditions also increase
expression of matrix metalloproteinase-9
(MMP-9) by the corneal epithelium [1, 39].
MMP-g is increased in the tear film of LKC pa-
tients, and it is known to cleave tight junction
proteins such as occludin, suggesting it plays a
role in disruption of the barrier function.
Although much remains to be learned, the find-
ings so far suggest an explanation of how the
proinflammatory ocular surface environment
of LKC disrupts corneal epithelial barrier func-
tion.

Neurogenic inflammation of the ocular sur-
face can occur by activation of or damage to the
numerous unmyelinated axons that innervate
the cornea. Released substance P and calcitonin
gene-related peptide (CGRP) can act on anteri-
or segment vascular elements, leading to in-
flammation and migration of immune cells
from the vascular space to the ocular surface.
Neurogenic inflammation may contribute to the
ocular irritation symptoms of LKC.

2.3.2
Conjunctival Epithelial Disease

Squamous metaplasia, a condition of hyperpro-
liferation and abnormal differentiation of the
conjunctival epithelium, occurs in a variety of
ocular surface inflammatory diseases, including
LKC [31].

An important feature of squamous meta-
plasia is significantly decreased numbers of
mucin-producing goblet cells in both Sjogren’s
and non-Sjogren’s LKC patients. Consistent
with this, tear concentrations of the goblet cell-
specific soluble mucin, MUCsA, were reduced in
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these patient populations [48]. Immunological
analysis showed an altered distribution or gly-
cosylation of membrane-bound mucins on api-
cal conjunctival epithelial cells of patients with
dry eye symptoms compared with normal pa-
tients, which correlated with rose bengal stain-
ing,another sign of dry eye disease [3]. Reduced
membrane-bound and soluble mucin levels
probably impair the spreading capability of the
tear film, contributing to tear film break-up.

Hyperproliferation implies an elevated mi-
totic rate, which was indicated in the bulbar
conjunctival epithelium of Sjogren’s syndrome
patients by increased epithelial stratification,
DNA synthesis, and cell proliferation [17]. An el-
evated mitotic rate was also documented by in-
creased immunostaining for the cell cycle asso-
ciated protein KI-67 in bulbar conjunctival
epithelial biopsies of non-Sjégren’s LKC pa-
tients compared with those of normal patients
[20]. Together with accelerated mitotic rates, in-
creased expression of genes for transglutami-
nase 1, involucrin, filagrin, and the cytokeratin
pair 1/10 in conjunctival tissue from Stevens-
Johnson syndrome and ocular cicatricial pem-
phigoid patients with severe squamous meta-
plasia [27] may suggest alterations in the
differentiation program of conjunctival epithe-
lial cells.

LKC patients exhibit accelerated apoptosis of
conjunctival epithelial cells, which is most severe
in the goblet cell-rich areas of the bulbar con-
junctiva. This phenomenon has been investigat-
ed experimentally in dry eye dogs that sponta-
neously develop LKC and in a mouse model
where dry eye is induced by systemically admin-
istered anticholinergic agents coupled with a
desiccating environment. Apoptosis is readily
detected in both systems by indirect staining for
chromosomal DNA released as a consequence of
cell death [10, 46]. Interestingly, high level ex-
pression of the apoptotic indicator proteins fas,
fasL, and ps3 in conjunctival tissue of dry eye
dogs was reversed by treatment with the im-
munomodulatory drug, cyclosporin A [10]. Sim-
ilarly, experimentally induced apoptosis was ob-
served in murine conjunctival epithelium (as
compared with uninduced control animals), and
the induced apoptosis could be reversed by ad-
ministration of cyclosporin A [46].

Retinoid deficiency can inhibit proper differ-
entiation of ocular surface epithelial cells, re-
sulting in squamous metaplasia and a reduced
concentration of mucin-secreting conjunctival
goblet cells [36]. Alkaline or acidic chemical in-
sult, in addition to possible damage to the ep-
ithelium, can destroy conjunctival goblet cells,
and damage lacrimal and meibomian gland
ducts. Reduced soluble mucin concentration
may destabilize the tear film, and can lead to
LKC.

2.33
Inflammation

Numerous studies, together with the therapeu-
tic response of LKC to anti-inflammatory drugs,
underscore the importance of inflammation in
its pathogenesis. Cellular and soluble mediators
act in a number of ways in a series of complex
interactions to promote and modulate ocular
surface inflammation. Some mediators act as
chemokines, stimulating chemotaxis of migrat-
ing inflammatory cells to sites of inflammation
on the ocular surface. Other mediators stimu-
late expression of adhesion molecules such as
ICAM-1 on conjunctival vasculature and epithe-
lial cells. These act by binding proteins called in-
tegrins on the surfaces of chemoattracted in-
flammatory cells to help retain them at sites of
inflammation. Certain cytokines and other me-
diators activate inflammatory cells once they ar-
rive to begin a proinflammatory program of
gene expression, secretion of more mediators,
and other functions. Other activities of inflam-
matory mediators include alteration of epithe-
lial proliferation and differentiation, stimula-
tion of protease production and activation (see
Sect.1.3.2), promotion of apoptosis (see
Sect.1.3.2), and sensitization of ocular surface
pain receptors.

T-lymphocyte infiltration clearly indicates a
well-developed inflammatory process. T-cell in-
filtration of the conjunctival epithelium and
substantia propria is found in both Sjogren’s
and non-Sjogren’s LKC [31, 42]. Not only are
T-cell numbers elevated, but the population is
shifted from predominately cytotoxic Tijjer
cells (CD8 marked) to Ty cells (T-helper cells;
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CD4 marked), which also display increased lev-
els of CD11a (an a-integrin subunit) and CD23
(an IgE receptor) on their surfaces, indicators of
an activated state [21]. Treatment of LKC pa-
tients with the immunomodulatory drug cy-
closporin A decreases the numbers of T cells in
the conjunctiva.

Increased levels of a number of proinflam-
matory cytokines, including IL-1« and f, IL-6,
TGFp1, and TNF-a, have been detected in the
conjunctival epithelium of LKC patients, as well
as in tear fluid (IL-1x and f, IL-6) [18, 32, 40].
Evidence suggests that at least some of these
cytokines are synthesized by activated conjunc-
tival epithelial cells. Correlating with this proin-
flammatory cytokine spectrum, increased IL-1f
and a decreased ratio of IL-1 to IL-1 receptor
antagonist (IL-1Ra) were observed in conjuncti-
val epithelium [40]. Elevated levels of the cell
surface immune activation markers ICAM-1,
HLA-DR, and CD40/CD4o ligand (CD40L) are
also present in the conjunctival epithelium of
both Sjogren’s and non-Sjogren’s LKC patients
[18, 46].

Exactly how ocular surface inflammation in
LKC arises is not completely understood. Clear-
ly, systemic autoimmune disease, such as
Sjogren’s syndrome, or androgen deficiency
predispose some classes of patients, and desic-
cating environmental stress appears to be an
important trigger. Consistent with this, human
corneal epithelial cells respond to a hyperosmo-
lar environment (as would result from desicca-
tion of the tear film) by activating a cascade of
stress associated protein kinases, which in turn
activate transcriptional regulators of inflamma-
tory cytokine and MMP production. Inflamma-
tory mediators produced by ocular surface ep-
ithelial cells could initiate or contribute to an
inflammatory cascade leading to dysfunction of
other components of the lacrimal functional
unit, for example, tear-secreting glands. Cy-
tokines from ocular surface epithelial cells
could also affect proliferation, differentiation,
or apoptosis of other epithelial cells. Finally, the
proinflammatory cytokines IL-1«, TNF-a, and
TGEF-P1 are potent stimulators of MMP produc-
tion (including gelatinases, collegenases, and
stromelysins) by cultured human corneal ep-
ithelial cells [22, 23]. In addition to their degra-

dation of tight junction proteins (see Sect. 1.3.1),
MMPs can proteolytically activate latent proin-
flammatory cytokines such as IL-1, TNF-a,
and TGF-f, and neural peptides such as sub-
stance P. Although only parts of the overall pic-
ture are visible at present, evidence is accumu-
lating that epithelial cells, in addition to T
lymphocytes, are important and direct partici-
pants in the ocular surface inflammation char-
acteristic of LKC.
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Diagnosis

Diagnosis of LKC or dry eye disease is compli-
cated by symptoms that are common to other
ocular surface disorders as well. However, two
sorts of complaints are suggestive of dry eye: ex-
acerbation of ocular irritation by environmen-
tal stress, such as the low humidity of airplanes,
smoky environments, or drafts from air condi-
tioners, and exacerbation by activities that re-
quire prolonged visual attention, such as read-
ing or viewing a video display terminal. A
history consistent with Sjogren’s syndrome, or
with other autoimmune disorders, should also
raise the possibility of dry eye. To diagnose LKC
or dry eye with confidence, objective tests are
necessary, and many clinicians prefer to use
multiple tests.

An unstable tear film, resulting from inflam-
matory compositional alterations of the aque-
ous, mucin and lipid components, is the hall-
mark of dry eye [41]; therefore measurement of
the tear film break-up time (TBUT) is probably
the most important clinically used objective test
for LKC or dry eye because it assesses tear film
stability in a nearly direct manner. The test is
conducted by introducing fluorescein into the
lower conjunctival sac by micropipette, inser-
tion of a fluorescein strip wetted with saline, or,
perhaps better, a commercial pre-wetted fluo-
rescein strip that minimizes the volume change
of the tear film. The patient is asked to blink,
and the time interval between a complete blink
and the appearance of the first dry spot or dis-
continuity in the precorneal tear film (viewed
through a yellow filter) is recorded. Topical
anaesthesia and lid holding are discouraged be-



20

CHAPTER 2 Dry Eye: Inflammation of the Lacrimal Functional Unit

cause they reduce tear break-up time. Three
repetitions are recommended, and although
there is no consensus, an average value of less
than 105 is considered abnormal by many. Dry
spots or discontinuities are thought to occur
where the tear film thins to the extent that the
lipid layer “sinks” into the mucin layer because
of their proximity and similar hydrophobicity,
and the aqueous layer retracts locally from the
hydrophobic spot; however, this explanation is
not universally accepted. Anomalous results
may be caused by discontinuities of the corneal
surface that cause persistent tear break-up in a
single location. Tears deficient in either aque-
ous, mucin, or lipid components may exhibit
tear film instability; therefore the test does not
distinguish lacrimal dysfunction from meibo-
mian gland dysfunction.

Non-invasive alternative methods of meas-
uring tear film break-up substitute a regular
pattern reflected from the tear film for instilla-
tion of fluorescein. These methods avoid arte-
facts that are possible with the fluorescein
method, but require specialized instrumenta-
tion, for example, computerized videoker-
atoscopy.

The Schirmer test measures tear volume
and/or production. The test is performed by in-
sertion of a standardized strip of filter paper
over the lid margin at the junction of the medi-
al and lateral third of the lower lid. Tear produc-
tion is measured by the number of millimetres
of the paper strip wetted in 5 min. A Schirmer I
(without anaesthesia) value of 5 mm/smin or
less indicates dry eye; however, because of vari-
ability in the test, this cut-off value may not be
especially sensitive for diagnosis. Several varia-
tions of the Schirmer test have attempted to im-
prove its reproducibility. Instillation of topical
anaesthesia prior to sampling tear production
(sometimes called the Schirmer II test) mini-
mizes reflex tear production. Use of a phenol
red-impregnated cotton thread instead of a
strip of filter paper is less irritating; wetting is
readily visualized by colour change due to the
slightly alkaline pH of tears.

Meibomian gland disease usually does not
show a decrease in aqueous tear production. It
can be evaluated by biomicroscopic examina-
tion of the glands, looking for ductal orifice

metaplasia, reduced expressibility of secretions,
increased turbidity and viscosity of expressed
secretions, and dropout of glandular acini.

Diagnostic dye staining is a simple and prac-
tical method to evaluate the severity of ocular
surface damage in LKC. Fluorescein dye stains
the epithelium and underlying tissue in areas
where barrier function has been disrupted due
to death or desquamation of the apical epitheli-
um. It also stains the stroma at sites of other ep-
ithelial defects. The barrier function of healthy
corneal epithelium prevents such penetration.
Fluorescein is introduced from a strip as for the
tear break-up test, and viewed through a yellow
filter. A cornea with LKC shows a number of
stained dots and perhaps some confluent stain-
ing areas or some more linear staining patterns
characteristic of filamentary keratitis. Several
grading schemes have been proposed to quanti-
fy the severity of corneal staining, which corre-
lates well with other measures of LKC [4].

Rose bengal, applied from a strip or as a so-
lution, stains the conjunctiva more effectively
than the cornea. It stains devitalized epithelial
cells and also healthy epithelial cells that are not
protected by a normal mucin layer; therefore, it
evaluates the protective status of the preocular
tear film [35]. The classic rose bengal staining
pattern for dry eye is two triangles (nasal and
temporal) in the interpalpebral conjunctiva -
the region that is usually exposed when the eyes
are open. Rose bengal staining also correlates
well with other objective measures of LKC, such
as the Schirmer test.

Impression cytology uses cellulose acetate
filter strips applied with gentle pressure to dif-
ferent areas of the conjunctiva to obtain super-
ficial cells for analysis. Topical anaesthesia is
recommended for patient comfort. Goblet cell
density and epithelial morphology can be read-
ily assessed from the filters. For example, the ex-
tent and severity of squamous metaplasia can
be graded based on loss of goblet cells, enlarge-
ment and increased ratio of cytoplasm to nucle-
us of superficial epithelial cells, and increased
keratinization relative to normal samples. Squa-
mous metaplasia of the bulbar conjunctiva is
especially prevalent in Sjogren’s syndrome LKC,
although it can occur in a variety of other dry
eye conditions [31].
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Impression cytology is a highly sensitive
means to detect pathologic changes on the con-
junctival surface, and thereby confirm a clinical
diagnosis. Impression cytology samples can
also be immunostained to detect cell surface
mucins as well as specific markers for particular
types of infiltrating inflammatory cells. Routine
use of impression cytology in clinical settings is
probably limited by lack of facilities to stain and
microscopically examine the filters.

Summary for the Clinician

e Irritation from desiccating environments
or from prolonged visual concentration
suggests dry eye

e Autoimmune disease is an important
predisposing factor

e Diagnosis is complicated by varying
symptoms — multiple objective tests for
dry eye are recommended

e Tear break-up time and the Schirmer
test evaluate tear film stability and tear
volume/production, respectively

e Fluorescein staining of the cornea and rose
bengal staining of the conjunctiva reveal
the severity of damage to ocular surface
epithelia

25
Therapies

Traditional therapies for dry eye disease or LKC
are mostly aimed at augmenting the depleted
tear film. Recently, an anti-inflammatory thera-
py that treats the underlying disease process has
become commercially available.

The first goal of therapy is to minimize fac-
tors that exacerbate dry eye or LKC. Use of sys-
temic anticholinergic medications (antihista-
mine and antidepressants), which may decrease
tear production, should be minimized or elimi-
nated. Exposure to desiccating environments
should be avoided, where possible. Lowering
computer displays to decrease the interpalpe-
bral aperture, and periodic breaks from reading
or computer work to close one’s eyes may help.

Artificial tear solutions contain polymers,
electrolytes, and buffering agents to mimic nor-
mal tear viscosity, osmolarity and pH. Aqueous

preparations may be used as required for tem-
porary improvement of symptoms; preserva-
tive-free preparations (lacking benzalkonium
chloride) are recommended for patients who
use tears more than 4 times per day. Newer
emulsion tears, which contain a lipid compo-
nent, are also effective, but the number of doses
may be limited to about four per day because
excessive use may cause blurred vision. Artifi-
cial tears may temporarily relieve symptoms
and discomfort, but they do not reverse con-
junctival squamous metaplasia, indicating that
they do not treat the underlying pathology of
dry eye.

Punctal occlusion is a useful and practical
therapy for conserving tears. Occlusion by
semipermanent plugs of silicone or thermola-
bile polymers inserted into the punctal orifice
has the advantage of being readily reversible.
Punctal plugs can improve symptoms and ocu-
lar surface dye staining. Permanent punctal oc-
clusion by thermocautery or radio frequency
needle can be performed using a topical anes-
thetic. If punctal occlusion is performed, it is
still important to resolve inflammation within
the lacrimal functional unit in order to avoid re-
taining proinflammatory tears on the ocular
surface.

Anti-inflammatory therapy should be con-
sidered for moderate or severe dry eye (e.g. any
patient with corneal epithelial disease), or for
patients with symptoms that persist despite ar-
tificial tear use and improvements in their envi-
ronment. A recently FDA-approved therapy for
ocular inflammation associated with LKC con-
tains cyclosporin A 0.05% in an emulsion vehi-
cle (Restasis, Allergan, Inc.). Cyclosporin A is an
anti-inflammatory compound that acts by bind-
ing an intracellular protein (cyclophilin) in-
volved in a regulatory cascade that ultimately
controls transcription factors required for T-
cell activation and cytokine production. Cy-
clophilin binding of cyclosporin A also inhibits
an early event in mitochondrially mediated
apoptosis. Clinical trials of cyclosporin A 0.05%
instilled BID showed significantly greater im-
provement in two objective measures of dry eye
disease or LKC, corneal fluorescein staining and
anaesthetized Schirmer test values, than was
observed for the vehicle [37]. Clinical improve-
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ment was accompanied by decreased expres-
sion of immune activation markers and apopto-
sis markers, and decreased numbers of T lym-
phocytes in the conjunctiva of cyclosporin
A-treated patients, indicating a reversal of the
inflammatory disease underlying LKC [21]. It
should be noted that the emulsion vehicle itself
showed provided significant short-term im-
provements in symptoms, but failed to improve
the indicators of inflammation in conjunctival
tissue. The excellent safety profile of cyclo-
sporin A permits prolonged BID dosing.

Topically administered corticosteroids have
been reported to improve dry eye signs and
symptoms in several studies. However, because
of increased risks of elevated intraocular pres-
sure, cataract formation, and infection, they
should be used in short pulses or minimal dos-
es.

Whether or not punctal occlusion or anti-in-
flammatory therapy is employed, the thera-
peutic regimen should attempt to eliminate or
minimize environmental factors that may con-
tribute to dry eye or LKC and should include ar-
tificial tears as a palliative treatment.

Summary for the Clinician

e Minimize environmental factors and
medications that can exacerbate dry eye

e Artificial tears are useful for temporary
relief of symptoms

e Punctal occlusion can help conserve tears,
but inflammation must also be addressed,
to avoid retention of inflammatory tears
on the ocular surface

¢ Anti-inflammatory therapy that treats the
underlying pathology should be considered
for moderate to severe dry eye
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Ocular Cicatricial Pemphigoid

AHMED MUNA, C. STEPHEN FOSTER

Core Messages

e Mucous membrane pemphigoid (MMP) is a
group of chronic systemic autoimmune
disorders characterized primarily by T-cell
and B-cell dysfunction. Ocular cicatricial
pemphigoid (OCP) is the MMP subset
affecting the eye

A key defect in the immune system
response causes production of auto-
antibodies (IgG and IgA) directed against
the B4-subunit of oz ,-integrin, and
epiligrin (laminin type 5) in the conjunctival
epithelium (hemidesmosome-epithelial
membrane complex)

HLA-DR2, HLA-DR4 [HLA-DR*0401],
HLA-DQw?7 [DQB1*0301], HLA A2, HLA-B*8,
HLA-B*35 and HLA-B*49 genotypes may
confer an increased genetic susceptibility
to OCP

A conformational change in the 4 peptide
may lead to antigenic stimulation of certain
B-cell clones that elaborate antibodies
against the conjunctival basement
membrane zone (BMZ) glycoproteins

3.1
Introduction

Ocular cicatricial pemphigoid (OCP) belongs to
a family of diseases known as mucous mem-
brane pemphigoid (MMP). It is a group of
chronic systemic autoimmune disorders char-

e Proinflammatory cytokine mediated fibro-
blast activation leads to collagen produc-
tion and subsequent cicatrization of the
conjunctiva

o Conjunctival fibrosis produces an environ-
ment that leads to progressive corneal
damage and loss of vision

e Extraocular manifestations of OCP must
be sought in all patients to rule out
potentially lethal systemic involvement
(ex.esophagus or trachea)

e Staging using the Modified Foster Staging
System early as a part of initial evaluation
helps in management and prognosis

e Demonstration of linear deposition of
immunoreactants [(IgG, IgA, IgM)
or complement (C3)] at the basement
membrane zone (BMZ) of biopsied inflamed
conjunctiva is necessary for definitive
diagnosis

e An algorithmic approach of immuno-
modulation is recommended for treating
the disorder

acterized primarily by T-cell and B-cell dys-
function, with production of autoantibodies
targeted to adhesion molecules in the conjunc-
tival basement membrane zone. Cicatricial
pemphigoid can affect not only the conjunctiva
but also mucous membranes in the mouth, tra-
chea, pharynx, larynx, esophagus, vagina, anus

and urethra.
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3.2
Pathophysiology

The pathophysiologic mechanisms of OCP and
its associated conjunctival fibrosis have not
been completely elucidated. It is thought that a
critical defect in immune system regulation
causes production of autoantibodies (IgG and
IgA) [9, 24] directed against key subunits of
integrin, epiligrin and laminin in the conjunc-
tival epithelium (hemidesmosome-epithelial
membrane complex) [16, 31].

Many potential “triggers” have been pro-
posed. These include genetic predisposition and
exposure to topical or systemic medication. It is
thought that human leukocyte antigen DR2
(HLA-DR2), human leukocyte antigen DR4
(HLA-DR4) and human leukocyte antigen
DQwy; (HLA-DQwy) genotypes confer an in-
creased genetic susceptibility to development of
OCP [1, 2]. This may occur in a “double-hit”
manner where an environmental insult in a ge-
netically susceptible individual leads to disease.

Some patients may develop drug-induced
pemphigoid in response to systemic or topical
medication. Drugs implicated include systemic
practolol, topical pilocarpine, epinephrine,
phospholine iodide, timolol, and idoxyuridine
[14,27].

Autoantibodies isolated from sera of patients
with OCP recognize and bind to the f,-subunit
of the oyf,-integrin [10]. Autoantibodies to
epiligrin (laminin 5) [13], B,-integrin [29], and
ag-integrin [15] have been identified in some
patients. The antibodies bind to the target anti-
gen and begin a sequence of events that results
in chronic inflammation and, eventually, in fi-
brosis. The fibrosis progresses to involve the
lacrimal ductules and meibomian ducts,leading
to tear film abnormalities (decreased mucin
and aqueous component of tears), disorienta-
tion of lash follicles, with trichiasis, conjunctival
shrinkage, and keratinization. These complica-
tions conspire to produce corneal damage and
loss of vision.

3.3
Epidemiology

OCP is relatively rare, with an estimated 20,000
cases in the United States [10]. The disease ap-
pears to be distributed worldwide, with no spe-
cific geographical predilection. It is most often
recognized in the elderly. In a study of 130 pa-
tients referred to us, the average age was
64 years, with a range of 20-87 years [9]. Deter-
mination of the exact age spectrum for OCP,
however, is difficult, because most patients in
early stages remain undiagnosed. The disease
affects more women than men, with a ratio of
1.6 to 1 [21].

3.4
Clinical History

OCP patients typically present with symptoms
of chronic conjunctivitis. Complaints include,
but are not limited to: redness, dry eyes, ble-
pharospasm, itching, burning sensation, light
sensitivity, foreign body sensation, swelling and
heaviness of eyelids, decreased vision and
diplopia. Often, non-ocular areas such as skin,
mouth, pharynx, larynx, trachea, esophagus,
vagina, urethra and anus may also be affected.

3.5
Clinical Signs

The external examination discloses conjuncti-
val hyperemia, with subepithelial fibrosis to one
degree or other, along with (variably) eyelid and
corneal abnormalities (Table 3.1).
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Table 3.1. Clinical signs on slit lamp examination

Trichiasis Papillae/follicles Superficial punctate keratitis
Distichiasis Keratinization Epithelial defect
Blepharitis Subepithelial fibrosis? Stromal ulcer
Meibomian gland Conjunctival shrinkage Neovascularization
dysfunction
Foreshortening/obliteration of fornices® Keratinization
Symblepharon Limbitis
Ankyloblepharon Perforation

2 Fine white striae surrounding superficial vessels of substantia propria.

b Inferior fornix usually involved initially.

3.6
Staging

We proposed a combined staging system that
incorporates the strengths of the original Foster
[12] and Mondino [21] systems of classification.
We find it useful to describe four stages that
help in management and prognosis of patients
with cicatricial pemphigoid. And although OCP
is typically bilateral, it may be asymmetrical.
Therefore, it is important to stage each eye sep-
arately.

Stage 1 findings include conjunctival inflam-
mation, mucoid discharge, small patches of rose
bengal-staining conjunctival epithelium, and
conjunctival subepithelial fibrosis. The fibrosis
at this stage is typically subtle and best seen
with slit lamp biomicroscopy. It appears as fine
white striae most easily seen surrounding the
superficial blood vessels in the substantia pro-
pria (Fig.3.1). These connective tissue striae
contract and lead to conjunctival shrinkage,
producing foreshortening of the inferior fornix
and blunting of the angle of reflection of the
conjunctiva from the eyelid and fornix onto the
globe, the characteristic features of stage 2 dis-
ease (Fig.3.2). Stage 2 can be subclassified into
subcategories a through d to describe the de-
gree of fornix foreshortening:

a. 0-25%
b. 25-50%
c. 50-75%
d. 75-100%

¥ apakadd T - -
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Fig.3.1. Subepithelial fibrosis, tarsal conjunctiva. Note
the striae of fibrotic material under the epithelium

Fig.3.2. Subepithelial fibrosis, with fornix fore-
shortening

Symblepharon formation, resulting from the
progressive contraction of subepithelial bands
of connective tissue, marks stage 3 disease
(Fig. 3.3). The percentage of horizontal involve-
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Fig.3.3. Subepithelial fibrosis with fornix foreshort-
ening and symblepharon formation

e

Fig.3.4. End-stage pemphigoid with total kera-
tinization of the ocular surface

ment by symblephra can also be subclassified

from a through d:

a. 0-25%

b. 25-50%

c. 50-75%

d. Greater than 75% involvement by symble-
phra

End stage cicatricial pemphigoid or Stage 4
is defined by severe sicca syndrome, ocular
surface keratinization and ankyloblepharon
(Fig. 3.4).

3.7
Diagnosis

The diagnosis of OCP is based on the clinical
presentation and immunofluorescent studies of
the conjunctiva.

3.71
Laboratory Tests

Currently no standard laboratory tests are avail-
able to either diagnose the disease or to monitor
its activity. Such assays are in the process of de-
velopment. Some studies have correlated de-
creased levels of interleukins, while other stud-
ies have demonstrated increased levels of tumor
necrosis factor alpha in patients with active dis-
ease [17]. Patients on immunosuppressive ther-
apy are routinely monitored with blood studies
in order to avoid serious side effects.

3.7.2
Conjunctival Biopsy

Demonstration of linear deposition of im-
munoreactants [immunoglobulin (IgG, IgA,
IgM) or complement (C3)] at the conjunctival
epithelial basement membrane zone (BMZ) of
biopsied inflamed conjunctiva is the gold stan-
dard for diagnosis of OCP (Fig. 3.5). The biopsy,
processing, and staining is best performed by
ophthalmologists and technicians experienced
in handling the delicate specimens. A negative
or inconclusive biopsy does not exclude the di-
agnosis; such a result may occur as a conse-
quence of poor handling of tissue or improper
technique, and “true” false negatives may also
occur [11].



3.8 Treatment

29

Fig.3.5. Immunofluoresence probing of biopsied
conjunctiva of a patient suspected of having cicatri-
cial pemphigoid. The antibody is goat anti-human
IgG. Note the striking positivity of the epithelial base-
ment membrane zone. The negative control, directed
against human albumin, was negative, thereby con-
firming the clinical suspicion of cicatricial pem-
phigoid

3.7.3
Histology

Hematoxylin and eosin staining shows infiltra-
tion of the inflamed conjunctiva with plasma
cells, neutrophils, eosinophils, Langerhans cells
and macrophages. The PAS positive goblet cell
population is variably decreased (dependent on
severity and chronicity of inflammation).

Giemsa stain results show that the total mast
cell number and ratio of connective tissue mast
cells to mucosal mast cells are significantly
higher than in normal conjunctiva.

3.8
Treatment

3.8.1
Medical

Ocular cicatricial pemphigoid is a chronic, sys-
temic, autoimmune disease with evidence of
immune system dysregulation. Unfortunately,
most patients are diagnosed in advanced stages,
when the most aggressive measures must be im-
plemented to save sight.

3.8.1.1
Topical

No topical agent has been found effective in
treating OCP. Artificial tears form part of a
“cocktail” that together helps maintain a hos-
pitable physiological ocular environment.

3.8.1.2
Injections

Some patients may require subconjunctival
steroid injections or subconjunctival injections
of mitomycin C to slow disease progression
while systemic therapy takes effect. Such re-
gional therapy is usually transient and of limit-
ed benefit for long-term use [6].

3.8.1.3
Systemic

Systemic corticosteroids are effective in con-
trolling active OCP [23]. The high doses re-
quired for such control, and the inevitable re-
currence of inflammation upon cessation of
steroids, restricts their use and essentially
makes them less efficacious than immunomod-
ulatory agents [20, 22]. Long-term steroid ther-
apy is associated with inescapable side effects
(e.g. avascular necrosis of femoral head, osteo-
porosis, hypertension, glucose intolerance with
development of steroid-induced diabetes melli-
tus). The high potential for complications man-
dates that corticosteroids should be reserved for
short-term therapy in conjunction with long-
term immunomodulatory therapy (IMT) in se-
verely inflamed eyes. If corticosteroids are inte-
grated into the treatment program, they should
be used for no longer than 3 months, inclusive of
tapering.

3.8.1.4
Immunomodulation

When used correctly by properly trained doc-
tors, this mode of therapy is not only effective,
but also quite safe [9, 12, 22, 25]. In fact, such
medications can be safer to use than long-term
systemic corticosteroids [12].
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We recommend a stepwise approach to treat-
ing OCP. The first step involves assessment of a
number of factors including: patients’ health
and medical conditions, severity of disease, and
the rate of progression of disease. Patients with
end-stage disease often have irreversible ocular
damage and typically do not benefit from sys-
temic immunomodulation. Treatment should
be tailored to the patient, with the goal of aboli-
tion of all inflammation and prevention of fur-
ther scarring.

Before any treatment recommendation can
be made, the patient undergoes a formal med-
ical evaluation. This includes a complete blood
count and liver and renal function tests. Patient
compliance is, of course, critical to successful
therapy; the patient must be willing to return
for regular follow-up visits with monitoring of
blood parameters. The patient is advised to con-
tact us and/or to promptly seek medical care if
he/she develops symptoms of systemic disease
(chills and fever).

For patients with mild to moderately active
OCP, we generally begin therapy with diamin-
odiphenylsulfone (Dapsone), provided there are
no contraindications (sulfa allergy, glucose-6-
phosphate deyhydrogenase deficiency). Dap-
sone is a synthetic sulfone with both anti-in-
flammatory and antimicrobial activity. The drug
interferes with neutrophil chemotaxis and pre-
vents lysosomal enzyme release and phagocyto-
sis. While Dapsone is highly effective when used
short term, Fern and associates [8] have demon-
strated this benefit to be temporary, with disease
recurrence within weeks to months while on
therapy. Patients who demonstrate a positive re-
sponse can be maintained on a reduced dose.

This drug should not be used in G6PD-defi-
cient patients and not in those with sulfa aller-
gies. We typically begin with 25 mg twice daily,
and advance to no higher than somg three
times daily. Sulfapyridine is a possible alterna-
tive [7].

Physicians should monitor patients with a
complete blood count, net hemoglobin levels,
reticulocyte count and liver enzymes, and at
every visit exclude subclinical potential side-ef-
fects. These potential side-effects include he-
molytic anemia and leukopenia that can occur
especially 8-10 weeks after initiation of therapy.

Dapsone should be stopped in such cases,
and an alternative, such as azathioprine or
methotrexate or mycophenolate mofetil, insti-
tuted. Patients whose OCP is incompletely con-
trolled with Dapsone may require azathioprine
or methotrexate as supplemental therapy. If the
OCP remains active, azathioprine or mycophe-
nolate mofetil may be substituted for Dapsone.

Azathioprine is a purine analog that is me-
tabolized to produce 6-mercaptopurine, which
inhibits both DNA and RNA synthesis. Dantzig
first proposed the use of azathioprine for the
treatment of mucus membrane pemphigoid,
including that affecting conjunctiva [3].

Patients can be started on 2.0 mg/kg per day
of azathioprine, and the dose can be increased
to a maximum of 3.0 mg/kg per day. Monitoring
is performed every 6 weeks with liver function
tests and complete blood count. Potential treat-
ment side-effects include chemical hepatitis,
leukopenia, and arthralgias.

Methotrexate is a folic acid antagonist with
an exceptional safety and efficacy record. It has
both anti-inflammatory and immunosuppres-
sive actions; we employ methotrexate at an ini-
tial dose of 7.5 mg once a week, with a maximum
of 35mg once a week. The weekly dosing re-
duces the likelihood of potential adverse effects.
Uncommon but possible adverse effects include
bone marrow suppression, hepatic toxicity,
pneumonitis, and oral ulcerations. Clinical
studies have shown that the concurrent admin-
istration of folic acid or folinic acid with
methotrexate does not reduce the efficacy of the
drug and alleviates some of its potential toxici-
ties. The concurrent use of folic acid, 1 mg/day,
regular follow-up care, and the appropriate
monitoring of hematologic parameters and
hepatic enzyme levels minimize the risk of the
potential adverse effects.

Other potential side-effects include nausea,
fatigue and thinning of hair (often noticeable
only to the patient). Patients intolerant to the
gastrointestinal effects can often be successfully
maintained on methotrexate by conversion to
subcutaneous injection.

Patients are initially monitored 3 weeks into
therapy with a complete blood count and liver
function tests, and then every 6weeks there-
after.
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Mycophenolate mofetil (CellCept) has been
used with good success in the care of patients
with active cicatricial pemphigoid in our clinic
at the Massachusetts Eye and Ear Infirmary. We
typically begin at 1g once daily, observing for
tolerance to the medication for 1week, before
proceeding to our preferred dose of 1g twice
daily. Liver enzyme and CBC determinations are
performed monthly, and the dosage can be in-
creased in increments of 500 mg, but we have
never exceeded 3 g/day.

Cyclophosphamide is the preferred initial
mode of treatment for patients with severe in-
flammation. It has proven to be highly success-
ful in treating active OCP [12]. Patients are ini-
tially started on 2mg/kg/day (all taken in the
morning). An increase in dosage is based on a
combination of factors, including presence of
any side-effects, and bone marrow tolerance.
Patients are monitored with a complete blood
count every 4 weeks; leukopenia is an expected
side-effect when therapeutic levels have been
reached. The dosage is adjusted to keep the pe-
ripheral white cell count at 4,500 cells/mm3,
with at least 1,500 neutrophils/mm3 and 70,000
platelets/mm3. While the likelihood of potential
side-effects is low, the physician must promptly
address thrombocytopenia, gastrointestinal
symptoms, infection, and hemorrhagic cystitis.
Urinalysis and renal function tests are routinely
done every month to detect early manifesta-
tions of renal toxicity.

Resistance to chemotherapy, intolerance to
its side-effects or failure to respond to a long-
term immunomodulatory regimen are indica-
tions for prescribing intravenous immunoglob-
ulin (IVIg) therapy. IVIg blocks the F_ receptor
of B cells (thus inhibiting them), induces sup-
pressor T (T,) cell activity, decreases produc-
tion of IL-10, modulates complement uptake on
target cells and influences T-cell function. IVIg
can stop OCP progression by decreasing the lev-
els of anti-B-4 antibodies [18]. We give [VIg at a
dose of 2-3g/kg per cycle, split into thirds, given
over 5h on each of three consecutive days. The
rationale for spreading the dose over 3 days is to
prevent the potential complications of volume
overload and vaso-occlusion that are associated
with high doses of IVIg delivered over a short
interval. The total number of cycles is depend-

ent on individual patient response but ranges
from 15-29 cycles [18]. Commitment of both the
patient and physician to a structured program
of infusion is critical. We monitor patients with
an antibody titer prior to staring treatment and
then monthly until the end of the treatment
program. There are two major contraindica-
tions to therapy: selective IgA deficiency and se-
rious reaction to intravenous or intramuscular
human immunoglobulin.

It has long been known that activated lym-
phocytes expressing the CD25 molecule (IL-2
receptor) play a role in inflammation associated
with OCP. Daclizumab is a humanized IgG,
monoclonal antibody directed against the «-
chain of the CD25 molecule. Our experience
with daclizumab in patients with OCP has been
favorable, especially in patients resistant to con-
ventional agents [26]. Like IVIg, daclizumab has
few potential side-effects. The drug is given
intravenously at a dose of 1mg/kg per cycle.
Cycles are repeated every 2weeks for the first
12 weeks (total of seven doses). Then treatment
is given every 3 weeks until the 24th week of
treatment (total of four doses). Subsequently,
the patients return every month until week 52
for an eye exam and IV infusions. In this last
phase, the patients receive a total of seven doses
[26]. Additional sessions may be required, de-
pending on individual response to therapy. A
small decrease in white cell count may occur.
Treatment is discontinued if the count drops be-
low 3,500 cells/mm3, and then restarted once the
counts return to normal. Patients should be
monitored every 6 weeks with complete blood
count, liver function tests, and renal function
tests.

3.8.2
Surgery

Any attempt at surgery in patients with ocular
cicatricial pemphigoid must be preceded by
complete control of inflammation. Surgery is
often employed to address the confounders that
create or maintain a hostile ocular environ-
ment: trichiasis, posterior lid margin kera-
tinization, sicca syndrome, corneal exposure,
and entropion.
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3.8.2.1
Epilation

Extraction of aberrant eye lashes is essential to
prevent continued damage to the cornea and to
allow an objective evaluation of the efficacy of a
treatment program. Among the options avail-
able, permanent electro-epilation offers the best
hope of eliminating the misdirected eyelashes;
recurrences can be similarly retreated.

3.8.2.2
Dry Eyes

Dry eye syndrome often occurs in conjunction
with meibomian gland dysfunction. Dry eyes
can be treated with a vigorous regimen of ocu-
lar lubricants and punctual occlusion (punctual
plugs or cautery). The latter often provides last-
ing relief. Meibomian gland dysfunction (MGD)
is treated with warm compress, followed by lid
massage to milk the glands and restore flow of
meibum. Systemic tetracyclines are also pre-
scribed.

3.8.2.3
Amniotic Membrane Transplantation

Amniotic membrane transplants (AMT) were
first used in ophthalmology by De Rotth in 1940,
who reported partial success in the treatment of
conjunctival epithelial defects after symble-
pharon [4]. Human amniotic membrane is
derived from placenta, which consists of the
inner amniotic membrane made of a single lay-
er of amnion cells fixed to collagen-rich mes-
enchyme six to eight cells thick loosely attached
to chorion. It is composed of three layers: a sin-
gle epithelial layer, thick basement membrane,
and avascular stroma. Human amniotic mem-
brane is nonimmunogenic and has a unique
combination of anti-inflammatory proteins and
growth factors that promote wound healing.
We use amniotic membrane grafting to pro-
mote healing of persistent epithelial defects
after we have corrected problems that promote
development of such defects in the first place,
such as nocturnal lagophthalmos, trichiasis,
and keratinization of the posterior lid margin.
We use an “onlay” technique, in which the amni-

otic membrane is placed over the entire anteri-
or surface of the globe, tacked down to conjunc-
tiva, with 8-o nylon interrupted sutures. A
bandage soft contact lens is applied over this,
and the amnion “melts” over the ensuing
4 weeks, typically revealing a total healing of the
previously persistent epithelial defect.

Fornix reconstruction can be performed em-
ploying amniotic membrane, particularly if the
degree of fornix reconstruction that is required
is minimal; extensive dissections and reforma-
tion of totally obliterated fornices must be ac-
complished with mucous membrane grafting,
and we typically use oral mucosa from inside
the lower lip.

3.8.24
Limbal Stem Cell Transplantation

In autoimmune conditions such as ocular cica-
tricial pemphigoid (OCP) the amount of stem
cell damage depends on severity and duration
of disease activity. Chronic, severe disease can
eliminate most, if not all, of the limbal stem cell
population. In such cases, the corneal surface is
replaced by conjunctival epithelium, with re-
sultant corneal neovascularization and an irreg-
ular, semi-opaque surface that blurs vision and
causes photosensitivity. Provided all OCP in-
flammation has been abolished, and provided
anatomic abnormalities have been sufficiently
corrected (sicca, trichiasis, exposure), limbal
stem cell transplantation (LSCT) may be per-
formed in an attempt to rehabilitate the ocular
surface. But it is abundantly clear that patients
with autoimmune processes, such as OCP, have
a worse outcome after LSCT than patients with
noninflammatory disorders.

3.8.2.5
Lamellar Keratoplasty/
Penetrating Keratoplasty

The most common indications for penetrating
keratoplasty (PK) and lamellar keratoplasty
(LK) are corneal perforation and extensive
corneal scarring [29]. However, the outcome of
even successful PK is poor in eyes with end-
stage chronic cicatrizing conjunctival diseases
such as OCP. This is primarily due to the im-
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munologically driven conjunctival inflamma-
tion, trichiasis/distichiasis, severe dry eye and
extensive corneal neovascularization. Graft fail-
ure occurs due to many factors either acting
independently or in conjunction with one an-
other; these include: immunologically driven
inflammation, trichiasis/distichiasis, persistent
epithelial defects, stromal ulceration, dry eye,
meibomian gland disease, posterior lid margin
keratinization, hypesthesia, exposure, corneal
perforation, limbal stem cell deficiency, and
graft rejection. In spite of the overall poor out-
come, some success has been reported in pa-
tients adequately controlled with immunosup-
pressive therapy [29].

3.8.2.6
Keratoprosthesis

In patients with severe damage secondary to
chronic cicatrizing disease, keratoprosthesis
(KPro) may offer the only feasible alternative
for recovery of functional vision. Suitable can-
didates are often those patients for whom pene-
trating keratoplasty has either been unsuccess-
ful or not feasible. We again emphasize that
before any surgical procedure, including KPro,
is undertaken the underlying inflammatory
process should be adequately controlled to en-
sure a successful outcome. Investigators have
shown favorable long-term visual outcome in
patients with ocular cicatricial pemphigoid [5].
The likelihood of complications remains high,
with necrosis of tissue flanking the prosthesis
leading the list. Other potential complications
include extrusion of prosthesis, retinal detach-
ment, and glaucoma.

3.9
Collaborative Care

An integral component of managing patients
with ocular cicatricial pemphigoid is a close col-
laboration between the ophthalmologist and
other health care professionals. While it is ideal
for the primary ophthalmologist to be both
skilled in giving chemotherapy and in manag-
ing any potential complications, this is not
always possible. We often find it useful to collab-

orate with an ophthalmologist and a hematolo-
gist (or rheumatologist) more local to the pa-
tient’s residence. The ophthalmologist monitors
OCP activity and can titrate the therapy after
discussion with the hematologist about blood
parameters. This triad of care, in our experi-
ence, increases compliance and increases the
likelihood of a favorable visual outcome.

3.10
Prognosis

Ocular cicatricial pemphigoid is a potentially
blinding systemic disease. Treatment is chal-
lenging since most patients often present in late
stages. We have previously shown that after
withdrawal of immunosuppressive therapy for
OCP, one-third of the patients remained in re-
mission for an average of 4years; of the 22%
who relapsed, all regained control readily upon
reinstitution of therapy [25]. Relapses are usual-
ly slow to develop; thus the disease can be con-
trolled with reinstitution of therapy. Patients
with both active and inactive disease must be
periodically monitored for possible relapses
later in life.

Summary for the Clinician

e Ocular cicatricial pemphigoid is a chronic
autoimmune disease with both systemic
and ocular manifestations

e Ocular involvement can lead to progressive
cicatrization with profound loss of vision

e Linear deposition of immunoglobulins
at the basement membrane zone (BMZ)
of conjunctival biopsy specimens of OCP
patients is diagnostic

o The goal of therapy is to suppress inflam-
mation, promote healing, and prevent
cicatrization

o Steroid-sparing agents have fewer, prevent-
able and reversible side effects in compari-
son to steroids for treatment of OCP
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Immunomodulation for Corneal Transplantation

DougLAs J. COSTER, KERYN A. WILLIAMS

e Despite the immune-privileged nature of
the eye, irreversible rejection is the major
cause of human corneal allograft failure
Allograft rejection is best described as a
delayed-type hypersensitivity reaction
controlled by CD4-positive T cells
Inflammation erodes corneal privilege, and
thus meticulous surgery and rapid postop-
erative attention to any inflammatory
episode are important factors in reducing
the incidence of corneal allograft rejection
Topical glucocorticosteroids are the main-
stay of immunosuppression for corneal
transplantation, but the most appropriate
regimen of treatment is uncertain

The balance of evidence suggests a clinical
benefit for histocompatibility matching in
corneal transplantation, but logistic difficul-
ties in matching remain

The possible benefits of systemic immuno-
suppression with corticosteroids, anti-pro-
liferative agents and calcineurin inhibitors
in corneal transplantation need to be
weighed against the substantial side ef-
fects associated with these agents

Future approaches to immunosuppression
for corneal transplantation include the use
of monoclonal antibodies, and gene trans-
fer to the donor cornea to reduce rejection

4.1
Introduction

Corneal transplantation is the most frequently
performed clinical allograft. Despite being
widely practiced the usefulness of the proce-
dure is limited by allograft rejection, the most
common cause of graft failure.

Developments in immunomodulation, large-
ly related to developments in immunosuppres-
sion, have resulted in remarkable improvements
in organ transplantation. Unfortunately the
same improvement has not been seen in corneal
transplantation. Documented outcomes for re-
nal transplantation are better than for corneal
transplants. The overall renal graft survival re-
ported from registries is greater than 9o % [1,2].
The corresponding figure for corneal trans-
plantation is closer to 50% [3]. Most corneal
graft failures are due to allograft rejection and
there is need for more effective modulation of
the immune response in patients receiving
corneal transplants.

Not that all patients receiving corneal grafts
need immunosuppression. Patients with kerato-
conus or stromal dystrophies seldom reject
their grafts. This is considered to be the “low
risk” group of patients in whom the cornea is an
immunologically privileged site. Unfortunately
these patients are in the minority. In Australia
and other Western countries only 30% of
corneal grafts are done for keratoconus and
only 1% for stromal dystrophies. The remainder
has acquired disease and almost all have had
corneal inflammation at some stage. For this
group of patients the immunological privilege
of the cornea has been eroded to some degree
and modulation of the immune response is re-
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quired to minimize the impact of corneal allo-
graft rejection.

The problem with immunomodulation for
corneal transplantation is related to the clinical
context in which it is practised. Solid organ
transplantation is done for patients who are se-
riously ill, their life threatened by organ failure.
For this group of patients the risks of immuno-
suppression are justified. Corneal transplanta-
tion on the other hand is done for patients who
are disabled but not at risk of death from their
disorder. For most of these patients the risks of
systemic immunosuppression cannot be justi-
fied. In a small minority the prospect of recov-
ering vision justifies the risks systemic im-
munosuppression exposes them to. What is
required for corneal transplantation is the holy
grail of transplantation biology - specific im-
munosuppression which avoids the significant
clinical problems associated with current prac-
tice.

4.2
Why Has Corneal Transplantation Fallen
Behind Solid Organ Grafting?

At least three factors have contributed to the im-
provement in outcome for renal transplantation
that has occurred over the last 40 years.

1. Histocompatibility matching

2. Better systemic immunosuppression

3. Use of antibodies for graft rescue

None of these approaches is widely applicable to
clinical corneal transplantation.

Matching for Class I and Class II histocom-
patibility antigens has not found a routine place
in corneal transplantation. The benefit of this
approach is contentious and for those who ac-
cept that there are benefits, the logistics are
complicated, more so in some places than oth-
ers. Nor has systemic immunosuppression, so
effective in solid organ transplantation, been
adopted for corneal transplantation. Again the
benefits are arguable. In addition the clinical
context is limiting. Patients with corneal blind-
ness are not faced with death should their graft
fail as is so often the case for patients receiving
solid organ grafts. The systemic administration

of antibodies to treat allograft rejection, anoth-
er strategy successfully employed in solid organ
transplantation, has similar limitations when
considered for corneal transplantation. Neither
can the limitations of systemic administration
of conventional immunosuppressive agents be
avoided by delivering them locally to the eye as
drops or ointment. Steroids are incompletely ef-
fective when delivered as drops but other agents
such as the calcineurin blockers and antiprolif-
erative agents are ineffective if delivered locally
to the eye, and antibodies are too large to cross
the cornea and enter the eye, precluding topical
use.

4.3
Immunomodulation
for Corneal Transplantation

For some patients requiring corneal transplan-
tation immunomodulation is warranted. There
is a group of patients who are severely disabled
by corneal disease and in whom a functioning
corneal graft would restore vision and substan-
tially improve their quality of life. The evalua-
tion of patients from this point of view requires
knowledge of the risk of failure, the actuarial
data, as predicted by acknowledged clinical
prognostic indicators. It also requires examina-
tion of the clinical context. This entails an exam-
ination of the benefits of the acquisition of a
successful corneal graft on a patient’s lifestyle
and the consequences of graft failure for the in-
dividual should this occur. It also requires an as-
sessment of their attitude to success and failure,
a highly variable matter, and some broader
quality of life issues. Finally the surgeon must
evaluate the risks entailed in the measures re-
quired to give the patient the best chance of
graft survival. For example, the risks of systemic
immunosuppression may include serious ill-
ness or even death. HLA matching does not of-
fer such risk directly to the patient, but may re-
sult in substantial delays in surgery that can be
an important consideration for some, particu-
larly the elderly.
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4.4
Actuarial Survival Data
on Corneal Transplantation

Long-term data on corneal graft survival and
the factors affecting survival are available from
registries. Overall survival is around 50% at
10 years (Fig. 4.1) and the clinical indicators best
predicting graft outcome are set out in Table 4.1
[3]. With these data it is relatively easy to predict
the probability of success or failure for a partic-
ular patient. What is more arbitrary is the defi-
nition of high-risk patients. There is no univer-
sal agreement about this in the literature, which
makes interpretation of published outcomes

Table 4.1. Prognostic indicators for corneal trans-
plantation. Summary of the multivariate analysis re-
ported in the 1999 report of the Australian Corneal
Graft Register

Indication for graft

Number of previous ipsilateral grafts
Eye inflamed at time of graft

Graft size

Lens status after graft
Neovascularization of the graft
Early removal of graft sutures

Postoperative rise in intraocular pressure

Fig.4.1. Australian Corneal
Graft Registry: corneal graft
survival with time. (From the

difficult. Any definition of a high risk group is
arbitrary. Our criteria for grouping patients into
high-, medium- and low-risk patients are set out
in Table 4.2.

Clinical Context. The probability of a compli-
cated outcome is only part of the concept of
risk. The consequences of an adverse outcome
must also be considered. Outcome data should
be applied to patients in their particular clinical
context. For patients undergoing corneal trans-
plantation the consequences of success or fail-
ure can be quite different from patient to pa-
tient. For patients with corneal disease in one
eye and a normal contralateral eye very little is
to be gained by the patient in a functional sense
from a successful outcome. Visual ability is de-
termined by how good the vision is in the better
eye rather than the level of vision in the poorer
eye. Grafts in anything but the favourable cir-
cumstances of keratoconus or stromal dystro-
phy are best avoided when vision is normal in
the contralateral eye. Other patients have much
to gain from achieving a functioning graft in
high risk situations. Those with most to gain are
those with poor vision due to corneal disease
in an only eye. These are important considera-
tions because conventional approaches to mod-
ulating the immune system are prone to compli-
cations which can be serious and life threat-
ening.
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Table4.2. Arbitrary assignment of risk of rejection of corneal grafts. Only one of the clinical features of the
high-risk group is required for the patient to be considered to be at high risk of rejection

High risk

Vascularization in three to four segments

Previous graft failure

Inflammation at the time of surgery

Moderate risk

Vascularization in one to two segments

Previous inflammation

Previous raised intraocular pressure

Child (<12 years)

Atopic

Pseudophakic or aphakic

Low risk

Uncomplicated keratoconus

Uncomplicated stromal dystrophy

4.5
Options for Immunomodulation

A number of theoretical options exist for reduc-
ing the clinical impact of the corneal allograft
response. They are based on a need to interfere
with two processes, the erosion of the immuno-
logical privilege that results from corneal in-
flammation, and the corneal allograft response
itself. Some approaches are more practical than
others. A knowledge of the mechanisms in-
volved in immunological privilege and the way
itis eroded and the corneal allograft response is
necessary to understand existing and potential
strategies for immunomodulation.

4.6
Corneal Privilege

A number of related factors contribute to the

immunological privilege of the cornea.

1. The blood-eye barrier. The normal cornea is
avascular. Only the peripheral cornea de-
pends directly on the vasculature. The cen-
tral cornea depends on the tear film and the
aqueous humor for metabolic require-
ments. The aqueous humor is secreted by
the ciliary body and there is normally no
leakage of cells or proteins across the vessels
of the tissues lining the anterior chamber
such as those in the iris. The separation of

the intravascular space and the ocular tissues
is referred to as the blood-eye barrier [4-7].

. Absence of blood vessels and lymphatics.

The cornea is normally avascular and devoid
of lymphatics. This is an impediment to both
the afferent and efferent limbs of the allo-
graft response [8-10].

. Modest expression of HLA. The epithelium,

endothelium, and stromal keratocytes ex-
press HLA Class I antigens but only modest-
ly [11]. Similarly Class II expression, which is
confined to the Langerhans cells in the pe-
ripheral epithelium and interstitial dendritic
cells in the peripheral stroma, is only mod-
est. Epithelial cells express ABO antigens [12,
13]. Laboratory experiments in rats indicated
the minor transplantation antigens are im-
portant in corneal allograft rejection [14].

. Relative absence of mature antigen-present-

ing cells. Antigen-presenting cells are neces-
sary to initiate the corneal allograft re-
sponse. Cells with antigen-presentation
capability are virtually absent from the nor-
mal cornea. There are a few interstitial den-
dritic cells in the peripheral corneal stroma
[15,16] and Langerhans cells in the peripher-
al epithelium [17, 18]. These are outside the
operative field for most corneal grafts. Re-
cently a population of CD4s5+ cells resident
in the central cornea of mice has been de-
scribed [19, 20]. The lineage of these cells,
whether they are related to dendritic cells or
monocytes or macrophages, is in dispute.
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They have been shown to have some al-
lostimulatory capacity after maturation.

5. Constitutive expression of Fas ligand
(CDgs5L). In common with other privileged
sites such as testes and brain, the cornea ex-
presses Fas ligand. This entity promotes
apoptosis in cells bearing Fas such as lym-
phocytes [21-23].

6. Immunosuppressive cytokines in aqueous
humor. Transforming growth factor (TGFf)
[24, 25], a-melanocyte-stimulating hormone
(MSH) [26] and vasoactive intestinal peptide
(VIP) [27] are present in normal aqueous flu-
id.

7. Anterior chamber-associated immune devi-
ation. Antigen introduced into the aqueous
humor results in antigen-specific suppres-
sion of delayed hypersensitivity [28].

Inflammation Erodes Corneal Privilege. Most
of the processes contributing to immune privi-
lege are affected by inflammation. Leakage of
cells and proteins from vessels is a fundamental
element of acute inflammation [7 29]. Chronic
inflammation results in neovascularization and
new vessels are inherently leaky. Lymphatics
also develop under these conditions [10]. New
blood vessels are easily seen clinically and new
vessels in the recipient bed or developing later
in the graft are associated with a high risk of
graft failure [30]. Lymphatics are not seen clini-
cally in the cornea but can be demonstrated his-
tologically in corneas that have been inflamed
[31, 32] and may contribute to the erosion of
graft privilege.

Under inflammatory conditions there is up-
regulation of HLA expression in constitutive
corneal cells [33, 34]. In addition inflammation
brings about recruitment of bone-marrow-de-
rived cells with antigen-presenting capability
into the cornea. These persist for many years.
Once a cornea has been inflamed it never re-
turns to normal in this regard. The number of
bone-marrow-derived cells in the cornea corre-
lates with the subsequent occurrence of allo-
graft rejection [35].

There is little a clinician can do to protect
privilege other than to minimize inflammation.
There is an opportunity and a need to do this
when treating any patient with keratitis. A

cornea that has been inflamed is never again the
same. At the time of surgery, trauma should be
minimized by meticulous microsurgical tech-
nique and the use of biocompatible surgical ma-
terials. In the postoperative period inflamma-
tion should be suppressed with topical
corticosteroids and any episodes of intercurrent
inflammation dealt with promptly and effec-
tively. These simple measures are important.
The differences in outcomes from one centre to
the next are considerable and are likely to be
due to attention to these simple details [3].

4.7
Mechanisms of Corneal Allograft Rejection

Allograft rejection is the most common cause of
corneal graft failure. The corneal allograft re-
sponse shares much with other allograft re-
sponses; however, there are some important dif-
ferences which are worthy of attention because
they have a bearing on how corneal allograft re-
jection might best be abrogated.

4.8
The Afferent Limb:
Sensitization to Corneal Alloantigens

The foreign antigens introduced into the eye
with the graft are on the cell membranes of the
epithelial cells, stromal keratocytes and any oth-
er cells present in the stroma, and the corneal
endothelium. Only the donor endothelial cells
persist for the life of the graft. The epithelial
cells are replaced within weeks or months by
host epithelium. The stromal cells suffer a simi-
lar fate but the process may be somewhat slow-
er. Early in the postoperative phase donor anti-
gens could be shed from any donor corneal
cells, but if sensitization occurs later the only
persisting donor cells may be in the endotheli-
um.

Clinical corneal allograft rejection occurs
later compared to what is seen with other or-
gans. The acute rejections seen with solid organ
transplantation do not occur with corneal
grafts. Even the high risk grafts have a high sur-
vival rate at 1year. The attrition is, however,
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steady and prolonged. Corneal allograft rejec-
tion is often seen to complicate an episode of in-
tercurrent inflammation such as an episode of
herpetic keratitis, conjunctivitis, or other such
episode of minor inflammation. The explana-
tion of the relatively late occurrence of corneal
allograft rejection and its association with in-
flammation is bound up with the underlying
mechanisms. Inflammation upregulates histo-
compatibility antigen expression, and recruits
immunocompetent cells into the cornea.

Host antigen-presenting cells enter the
cornea with wound healing and inflammation.
The propensity to rejection correlates with the
number of Class II positive cells in the host
cornea at the time of surgery [35]. It is as if they
are waiting in the residual host cornea, in close
proximity to the graft, and enter during wound
healing and inflammation. Presumably when
these cells present antigen they can do so local-
ly. The conjunctiva is rich in lymphoid tissue
[36] and antigen processing can occur there
[37]. Furthermore blockade of co-stimulatory
molecules in the conjunctiva has been shown to
prevent experimental CD4-positive T-cell-me-
diated herpetic keratitis [38] and expression of
recombinant IL-10 by corneal endothelial cells
can prevent experimental corneal allograft re-
jection, supporting the concept of antigen pres-
entation [39] in or around the eye.

There are other cells in close proximity to the
graft that can present antigen to the immune
system. The iris and trabecular meshwork con-
tain Class II positive interstitial dendritic cells
[40]. They are in a position to process antigen or
antigen fragments released from the endotheli-
um. Antigen injected into the anterior chamber
fluid can be tracked to the spleen [41],and anti-
gen injected into the posterior chamber of the
eye can be tracked to the local nodes, at least in
the mouse [42].

Another group of antigen-presenting cells is
located in the peripheral cornea and adjacent
conjunctiva. Unlike the dendritic cells in the uvea
these cells interact with antigen in an environ-
ment low in TGFp, and are more likely to direct
the immune response along the Th1 response
seen in the corneal allograft response [43]. At
least some antigen released from the cornea ap-
pears in the cervical draining nodes in mice [44].

The balance of evidence suggests that the super-
ficial draining lymph nodes drain the rodent an-
terior segment and are the main site for the pres-
entation of corneal antigens to T cells. Whatever
the equivalent is in humans is not exactly clear,
but based on the observation of clinical disorders
involving the eye and lymphadenopathy, such as
viral keratoconjunctivitis, the draining nodes are
in the face and the cervical region. That antigen
presentation, and as a consequence T-cell activa-
tion and clonal expansion, can occur remote
from the eye has therapeutic implications. Agents
which affect these events such as the calcineurin
inhibitors that interfere with IL-2 driven clonal
expansion, are unlikely to be effective if given
topically to the eye - their point of action is else-
where in the draining nodes.

4.9
The Efferent Limb:
Histological Correlates

The corneal allograft response is a typical DTH
response [45-48], and resembles the allograft
response in other organs. The integrity of the
blood-eye barrier is breached, resulting in an
influx of white cells and proteins into the ante-
rior chamber and cornea. Fibrin accumulates in
the anterior chamber and white cells can be
seen circulating in the convection currents in
the aqueous humor. The cornea becomes infil-
trated with macrophages, monocytes, neu-
trophils, CD4-positive and CD8-positive T cells
[47, 49-52]. It is clear from experimental sys-
tems that CD4-positive cells have a crucial role
in the corneal allograft response [53]. Therapeu-
tic strategies directed at this cell as a means of
suppressing the corneal allograft response are
attractive. Humoral responses do not seem to be
important. Patients who have rejected corneal
grafts do develop donor-specific antibodies [54,
55], but corneal grafts are rejected in antibody-
deficient hosts [56]. The allograft response can
be directed at all of the cellular components of
the eye, but it is damage to the corneal endothe-
lium which is critical. This layer of cells has
minimal replicative capacity [57]. Unlike the
other corneal cells of donor origin, endothelial
cells persist in the graft but in decreased num-
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bers and with a slow attrition rate. Because en-
dothelium is the only persisting donor element
in corneal grafts and because it has a vital func-
tion, keeping the cornea transparent, and little
capacity for coping with damage, endothelial
rejection is the most damaging aspect of the
corneal allograft response.

4.10
Current Approaches to Immunomodulation
for Corneal Transplantation

4.10.1
Anti-inflammatory Measures

Inflammation is a major threat to corneal graft
survival. Inflammation prior to surgery, even
many years prior to surgery, erodes corneal
privilege and decreases the chances of subse-
quent corneal transplantation. Inflammation
resulting from surgery, or occurring in the post-
operative period, even years later, threatens
graft survival. Anti-inflammatory measures are
the cornerstone of routine care of patients hav-
ing corneal transplants. There are two planks to
this approach.

4.10.2
Atraumatic Microsurgical Technique

The employment of meticulous microsurgical
technique and non-reactive surgical materials
such as fine monofilament nylon have reduced
the degree of postoperative inflammation in pa-
tients having corneal transplants. The anecdot-
al reports of improvements in surgical out-
comes reported in the 1950s are attributable to
developments in microsurgery and the intro-
duction of topical corticosteroids.

4.10.3
Topical Corticosteroids

All patients receiving corneal transplants are
given topical corticosteroids in the postopera-
tive period. The topical administration of 11p-
hydroxyl compounds such as prednisolone salts

or dexamethasone is the mainstay of immuno-
suppression for clinical corneal transplantation.
There is argument about the appropriate dosage
and the desirable period of administration. The
unexpectedly good results in the Collaborative
Corneal Transplantation Trial (CCTS) in both
arms of the trial were attributed to the high
dose of topical corticosteroids used, which was
considered to be higher than what is generally
used in clinical practice [37].

Corticosteroids alone will not overcome the
threat of allograft rejection in high-risk cases.
In this group of patients the allograft rejection
and graft failure rate remain high despite the
use of maximal doses of topical corticosteroids.

4.10.4
HLA Matching
for Class | and Class Il Antigens

Tissue matching in corneal transplantation is
controversial. There is widespread acceptance
in Europe that matching at the Class I locus af-
fords some benefit. This is not generally accept-
ed in the US and the CCTS demonstrated no
beneficial effect for either Class I or Class II
matching but an unexpected and surprising
benefit from ABO matching [58]. The validity of
the study is open to criticism because of the
high error rates in the matching [59]. The CTTS
findings notwithstanding, there is a body of ev-
idence supporting a modest beneficial effect
from Class I matching in patients with high-risk
corneal grafts [60-64]. The situation with Class
II matching is less clear-cut. There are reports of
benefits, others of no benefit, and some of an
adverse effect [65-69].

The balance of evidence supports a clinical
benefit for HLA-A, -B, and -DR matching. This
approach can only be part of an approach to im-
munomodulation. High level matches are not
only difficult to achieve, they do not afford com-
plete protection from allograft rejection for
high-risk patients, because of the role of minor
transplantation antigens. Ideally matching
should be used routinely for patients having
corneal grafts and who are at high risk of rejec-
tion. It is the only way of improving the outlook
for these patients which is free of side effects.
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The problem is logistics. A matching program is
clearly achievable in Europe with a large, essen-
tially homogeneous population, and sophisti-
cated resources shared across national borders.
In more sparsely and heterogeneously populat-
ed regions this is more difficult to achieve. In
such places, including Australia, it will be neces-
sary to conduct a cost-benefit analysis to review
the cost of the reshaping of existing eye banking
procedures to bring about more widespread
sharing of corneas, monitoring of typing proce-
dures, and outcome surveillance. It is an analy-
sis which should be undertaken because the
cost of retransplanting failed grafts is consider-
able, both to the individual and society.

4.10.5
Systemic Immunosuppression

Systemic immunosuppression is used for all pa-
tients receiving grafts of vascularized organs.
Improvement in this aspect of immunomodula-
tion has been an important factor in the re-
markable achievements in such cases [70]. This
approach has been applied less frequently to
corneal transplantation and there are relatively
few reports of the effect on clinical outcomes.
Three groups of agents have a role to play in this
field, corticosteroids, calcineurin inhibitors, and
antiproliferative agents.

4.10.6
Systemic Corticosteroids

Corticosteroids are potent modulators of the
immune system but have low specificity and se-
rious side effects. Their well-known and serious
side effects, including osteopaenia, weight gain,
hyperglycaemia, hypercholesterolaemia, hyper-
tension, and skin fragility, can occur with mod-
est doses administered over relatively short pe-
riods. Despite this they are widely used in solid
organ transplantation, where their combination
with other immunosuppressive agents enables
the use of lower doses of the individual agents
with a corresponding reduction in the side ef-
fects. However, even when used in combination,
the side effects from systemic administration of

corticosteroids are considerable and they are
generally avoided as maintenance therapy for
patients receiving corneal transplants, even for
high-risk patients.

They are used for graft rescue - to save
corneal grafts that are undergoing allograft re-
jection - and for graft maintenance when the use
of other agents is precluded by side effects, such
as cyclosporin toxicity. The level of evidence for
their efficacy is low. This is related to the long
history of usage. Introduced into clinical prac-
tice in the 1960s they have assumed a place in the
treatment of corneal graft rejection but have not
been subjected to formal assessment as happens
with new therapeutic agents today. Their role is
so accepted that it would not be possible to
arrange such a trial now. Furthermore there are
theoretical grounds for using systemic corticos-
teroids to treat allograft rejection. Clonal expan-
sion, the process that primes the immune system
towards subsequent rejection, occurs in the fa-
cial and cervical lymph nodes beyond the reach
of topical steroids [71]. In addition high levels of
circulating corticosteroids are capable of redi-
recting the immune system [72]. The mecha-
nisms are believed to be attributable to the re-
moval of circulating T cells [73, 74], the activated
CDs-positive cells which are primed in the
lymph nodes to trigger the next rejection
episode being particularly susceptible [75], and
pronounced suppression of inflammation.

There are data on the relative merits of oral
and intravenous bolus steroids in the treatment
of corneal allograft rejection, although the mes-
sage is mixed. Some studies show a benefit from
the use of intravenous methyl prednisolone
[76-78], and others show no benefit at all [79].
Perhaps the appropriate approach is to continue
to use oral prednisolone for the treatment of
corneal allograft rejection because the balance
of evidence suggests that there is no advantage
from using intravenous therapy. Both routes of
administration can result in complications, with
the intravenous route having some additional
and serious acute problems [58]. When using
oral corticosteroids in this situation it is advis-
able to avoid prolonged therapy. In our practice
we restrict the course of oral prednisolone to
3weeks. If there has not been an improvement
in the clinical picture in 3 weeks, it is assumed
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the rejection is steroid resistant and oral admin-
istration ceased.

4.10.7
Antiproliferative Agents

Azathioprine has been used for many years as
an immunosuppressive agent; it was the first
immunosuppressive used after corticosteroids
and continues to be widely used in the manage-
ment of patients with organ transplants.

Azathioprine is an imidazole derivative of
6-mercaptopurine (6-MP). In vivo it is rapidly
broken down into 6-MP, which readily crosses
cell membranes and is converted into a number
of purine analogues. These interfere with cell
division and growth although the precise mech-
anisms are not known. The immunosuppressive
effect is related to the prevention of prolifera-
tion of the cells involved in the immune
response. Azathioprine was first reported as an
effective treatment of high-risk corneal trans-
plants in 1967 [81].

Mycophenolate, a more recently introduced
immunosuppressive drug, works in a similar
manner, suppressing the proliferation of cells
involved in the immune response. It is thought
to do this more specifically in that it has less ef-
fect on non-lymphoid cells. Mycophenolate is a
potent, selective noncompetitive and reversible
inhibitor of monophosphate dehydrogenase
which inhibits the de novo pathway of guano-
sine nucleotide synthesis without incorporation
into DNA. Because lymphocytes are dependent
for their proliferation on de novo synthesis of
purines, whereas other cells can utilize salvage
pathways, mycophenolate has a more potent ef-
fect on the growth and development of lympho-
cytes than other rapidly dividing cells. It has been
shown to be as effective as cyclosporin in the
treatment of high-risk corneal transplants [82].

4.10.8
Calcineurin Blockers

The introduction of cyclosporin and later
FK506 resulted in spectacular improvements in
the outcome of all forms of organ transplanta-

tion [72]. Registry studies would suggest that it
has had no effect on the outcome of corneal
transplantation because it has found little place
in this context. This is because side effects are
common when it is used in immunosuppressive
doses and some of the complications are life
threatening. Furthermore graft rejection still
commonly occurs in high-risk patients even
when the drug is used optimally.

Cyclosporin is a cyclic endecapeptide pro-
duced as a metabolite of a fungus. In vivo exper-
iments indicate that it interferes with the devel-
opment of cell-mediated responses such as
allograft immunity, delayed cutaneous hyper-
sensitivity, graft versus host disease and T-cell-
dependent antibody production. Cyclosporin
appears to block resting lymphocytes in Go or
G1 phase of the cell cycle and inhibits antigen-
triggered release of lymphokines including
IL-2. Cyclosporin seems to affect only lympho-
cytes, and in particular does not suppress
haemopoiesis and has no effect on phago-
cytic cells, making infection a less common
complication than is seen with antiproliferative
agents.

FK506 is a macrolide lactone with potent im-
munosuppressive activity. At a cellular level it
inhibits the formation of cytotoxic lymphocytes
that are crucial contributors to the allograft re-
sponse. It also suppresses T-cell activation and
T-helper-cell-dependent B-cell proliferation, as
well as lymphokine production, including IL-2,
and the IL-2 receptor. At a molecular level the ef-
fects of the drug are related to binding to a cyto-
solic protein (FKPB) and a combination of this
drug-protein complex, calcium, calmodulin and
calcineurin, which inhibits the phosphatase
activity of calcineurin [83].

Despite the specificity of these drugs for the
lymphoproliferative system the side effects are
considerable when used systemically in im-
munosuppressive doses - and the topical prepa-
rations of the drug have not been conclusively
proved to be effective.

Systemic administration of cyclosporin has
been advocated for the prevention of allograft
rejection in high-risk cases. There is consider-
able in vivo work demonstrating a beneficial ef-
fect in animal models of corneal transplanta-
tion [84-86]. There is also evidence of effect
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claimed from a number of controlled [87, 88]
and uncontrolled clinical studies [89] - and
other studies challenging the benefits of this
approach [90-92]. What is broadly accepted is
that the complications from systemically ad-
ministered cyclosporin are frequent and often
serious [93]. This limits the usefulness of the
drug in the clinical context of corneal trans-
plantation.

4.10.9
Combination Therapy

Both azathioprine and mycophenolate are used,
in combination with cyclosporin or FK506, in
patients receiving corneal transplants in whom
systemic immunosuppression can be justified.
The benefits of this approach for solid organ
transplantation are well documented [70] - the
benefits in corneal transplantation less so.

In the absence of data supporting any partic-
ular regimen for systemic immunosuppression
in our institution we have opted to use the same
regimen used for renal transplantation in our
institute. This simplifies prescribing and sur-
veillance for side-effects.

Currently we use cyclosporin and azathio-
prine or mycophenolate for 1 year unless side ef-
fects demand a change or cessation of the treat-
ment. This is usually commenced immediately
after surgery. There would seem little need to
commence immunosuppression prior to sur-
gery because corneal grafts are not subjected to
the acute rejection suffered by solid organ
grafts in the early postoperative period. The
dosage is adjusted on the basis of drug levels.
Our approach is set out in Table 4.3. It is very im-

portant to monitor these patients for side ef-
fects. Immunosuppressive doses of these agents
are often complicated by side effects, even with
short-term administration.

4.10.10
Side Effects
of Systemic Inmunosuppression

The side effects of systemic immunosuppres-
sion are common and can be serious and life
threatening. The immune system is an integral
part of our defence against the outside world
and its suppression leads to vulnerability. It is
difficult to identify the precise relationship be-
tween a particular agent and a specific side ef-
fect. The drugs are usually used for patients
with serious systemic disorders and often in
combination with other powerful agents. Some
of the side effects encountered are non-specific
in that they are a consequence of the immuno-
suppression. Others are due specifically to a
particular agent.

Overwhelming infection, skin and hair and
oral changes, hypertension and nephrotoxicity
can complicate cyclosporin usage. Antiprolifer-
ative drugs such as azathioprine and mycophe-
nolate can cause marrow suppression and gut
problems and the therapeutic range is narrow
so that side effects are relatively frequent.

Just as there is no supporting evidence for
one particular treatment there is no evidence
for the length of time over which immunosup-
pression should be maintained. We arbitrarily
chose 1year as the period of treatment, but
long-term maintenance may be desirable as it is
with organ grafts. Long-term immunosuppres-

Table 4.3. Systemic immunosuppression. Dual therapy as used by authors

Cyclosporin 75-100 mg bd

Mycophenolate 1gbd

80-100/mg/l (trough)

1.0-3.5/mg/1

Serum electrolytes monthly.
Looking for impaired renal
function

Complete blood counts, weekly
for the 1st month, twice monthly
until 3 months, then monthly.
Look for neutropenia
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sion can be complicated by neoplasia [93]. This
is the reason for us choosing 12 months as the
time to cease treatment.

4.11
Novel Approaches to Immunomodulation

The results of corneal transplantation point to a
need for more effective immunomodulation
suitable for use in this clinical setting. The ap-
proaches employed for patients with organ
grafts are not effective in achieving the im-
provements witnessed in other areas of trans-
plantation. An ideal solution to this problem
would be highly specific, blocking alloresponses
to only the relevant alloantigens, taking into ac-
count the aspects of the allograft response pecu-
liar to the cornea, and which could be delivered
locally to the eye, avoiding the need for systemic
administration and associated side effects. Two
approaches are under development, the use of
monoclonal antibody fragments and gene ther-

apy.

4.11.1
Monoclonal Antibody Fragments

Antibody-based treatments have been used in
transplantation for many years. Initially het-
erologous antilymphocyte serum or globulin
was used and more recently monoclonal anti-
bodies have been employed. OKT3, an anti pan
T-lymphocyte monoclonal antibody, has been
used for the treatment of organ rejection. This
systemic approach has not found a place in
corneal transplantation. It can only be used
once and the systemic administration can be
hazardous. As with other approaches to sys-
temic immunosuppression the risks are readily
justified for essential organ grafts but more dif-
ficult to justify for corneal transplantation. One
group has reported the treatment of corneal al-
lograft rejection by injecting monoclonal anti-
bodies into the anterior chamber of the eye [94,
95]. Despite their optimistic initial report this
approach has not led anywhere and no other
groups have reported adoption of this ap-
proach, although more recently there have been

anecdotal reports of systemically administered
monoclonal antibodies, CAMPATH-1H (anti-
CDs52) [96, 97] and anti-CD25 [98], to treat
corneal allograft rejection. A large number of
antibodies have been used in experimental
corneal transplantation. This and the clinical
experience were recently reviewed [99].

A problem with conventional antibody-
based therapies for eye disease is that the mole-
cules are too large to gain access to the eye by
crossing the cornea. They cannot be adminis-
tered as eye drops but instead must be given sys-
temically. This has prompted the development
and application of monoclonal antibody frag-
ments which retain their ability to interact with
the appropriate receptor but are small enough
to cross the cornea if delivered topically into the
precorneal tear film [100]. Antibody fragments
have been engineered which interfere specifi-
cally with the elements operating in the proxi-
mal end of the afferent limb of the allograft re-
sponse. They have been shown to retain their
essential reactivity and to be absorbed across
the cornea. Whether they are effective in abro-
gating the corneal allograft response remains to
be determined.

4.11.2
Gene Therapy

Gene therapy is also being investigated as a way
of modulating the corneal allograft response to
prolong graft survival. Early results are encour-
aging. Genes for naturally occurring immuno-
suppressive proteins can be transfected into the
corneal endothelium. Transfection of the en-
dothelium of sheep with the gene for IL-10 has
resulted in prolongation of corneal graft sur-
vival [39]. This cytokine has important func-
tions early in the afferent arm of the corneal al-
lograft response. This approach is promising in
that the endothelium is easily accessed in pa-
tients having corneal grafts and gene expres-
sion is prolonged, which may be related to the
non-replication of the corneal endothelium.
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Summary for the Clinician

e Transplant rejection remains the single
most important cause of graft failure
following penetrating keratoplasty

e Local as well as systemic immune processes
are involved in transplant rejection and
may allow development of more specific
preventive and therapeutic options

e CDg4+ lymphocytes play an essential role
in the immune response in corneal graft
rejection and are the main target
of immunomodulatory therapy

e The relative importance of CD4+ subtypes
classified as “Th1/Th2”is still a matter of
debate but may allow new immunomodula-
tory strategies, such as gene therapy

4,12
Conclusion

At present very little can be done to modulate
the immune response in patients having corneal
transplants and at risk of rejection. Reducing
inflammation by minimizing microsurgical
trauma and generous use of topical corticos-
teroids is all that is usually available. However, a
strong case can be made for HLA-A, -B and -DR
matching, but in many places this would de-
mand a change in eye banking logistics. Con-
ventional systemic immunosuppression, the
mainstay of immunomodulation for solid organ
grafts, is not readily applicable to corneal trans-
plantation because it is difficult to justify the
risks involved. Even where the risk may be justi-
fied there is little high level evidence to support
the approach or to identify one particular im-
munosuppressive regimen as more effective
than another. Nor will it be easy to assemble this
evidence. The 1-year survival of corneal trans-
plants is around 90%, even in the high-risk
groups. Failures come later and often. Clinical
trials would have to be prolonged and the num-
ber of patients in any one centre, or any one re-
gion, would be limited. Perhaps a registry ap-
proach would be more likely to provide the
information required as has been the case with
solid organ transplantation. Although we might
do a little better by translating some of the

approaches successfully employed in other
branches of clinical transplantation, it is more
likely that developing approaches specifically
for corneal transplantation will bring about the
improvements in corneal graft outcomes that
are required. Interventions need to be devel-
oped that can be applied directly to the eye and
are highly specific - interfering only with re-
sponses to the alloantigens in the graft. The de-
velopment of relevant antibody fragments for
topical administration and gene therapy are two
approaches that show promise in this regard.
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Core Messages

e Scleritis is highly associated with potential-
ly devastating ocular complications and
serious systemic diseases

e Necrotizing scleritis has the highest

association with systemic disease and

is frequently the first manifestation

of a systemic condition

Scleromalacia perforans is most commonly

associated with long-standing rheumatoid

arthritis and may present without any
symptoms

Scleritis in predisposed individuals

may occur after ocular trauma,

including ocular surgery

Scleritis can develop due to an infectious

aetiology and requires early recognition

and treatment

Scleritis should be distinguished from

episcleritis, as it represents different

clinical entities with very contrasting
clinical presentations, disease courses,
treatments, and prognoses. Lack of
vasoconstriction with phenylephrine

is a helpful diagnostic test

Scleritis is a clinical diagnosis and

most commonly presents with severe

eye pain

The clinical presentation of scleritis

depends on the anatomic site involved

and the extent of inflammation, forming
the basis for the classification of scleritis

(Table 5.1)

e Ocular complications of scleritis include loss
of vision, keratitis, progression of cataract,
uveitis, glaucoma, scleral thinning and
perforation, staphyloma, retinal detach-
ment, and choroidal detachment

Evaluation for associated systemic illness
must be included in the history, physical
exam, and diagnostic testing. Referral to an
internist or rheumatologist can be of great
assistance

Ancillary diagnostic testing may be helpful
in the diagnosis and management, especial-
ly in cases of posterior scleritis

Scleritis is medically managed with systemic
non-steroidal anti-inflammatory agents,
corticosteroids, and steroid-sparing im-
munosuppressants in a stepwise manner
Five to 10% of cases require surgical
management and have the greatest success
when the inflammation is suppressed
medically

The classification of scleritis by subtypes
offers prognostic information and serves as
a guideline for therapy

Diffuse anterior scleritis is the most benign
form, nodular scleritis has an intermediate
prognosis, and necrotizing scleritis has

the worst prognosis in terms of ocular

and systemic morbidity

Early diagnosis and treatment of scleritis is
important in preventing and diminishing
ocular and systemic morbidity
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Table 5.1. Classification of scleritis

1. Anterior scleritis 98 % 94%
a) Diffuse 40% 45%
b) Nodular 44% 23%
c) Necrotizing 14% 26%
i) With
inflammation (10%) (23%)
ii) Without
inflammation
= scleromalacia
perforans (4%) (3%)
II. Posterior scleritis 2% 6%
5.1
Introduction

Scleritis represents a spectrum of relatively rare
inflammatory disorders of the sclera. Because of
the potentially devastating ocular complica-
tions and possible association with serious sys-
temic disease, the diagnosis of scleritis should
not be missed. Overall, scleritis most often pres-
ents within the 4th-6th decades with a mild pre-
disposition towards women over men (1.6:1)
[34, 42, 45]. This entity is rarely seen in children.
No specific genetic, racial, or geographic risk
factors have been elucidated for scleritis,
beyond those seen with associated systemic
conditions. One-third to one-half of patients
(25-45 %) with scleritis present with or progress
to bilateral disease; however, disease can be uni-
lateral, simultaneously bilateral, or alternate
between each eye [34, 42, 45].

5.1.1
Classification

In 1976, Watson and Hayreh proposed a clinical
classification of scleritis (Table 5.1) based upon
the anatomic location of the inflammation and
the observed alterations in the associated vas-
cular structures [45]. This categorization of dis-

Table 5.2. Scleritis vs. episcleritis

Main symptom Redness Severe,
radiating
pain

Redness Bright red Bluish red

Maximum Superficial Deep

Vascular Episcleral Episcleral

Congestion Vessels Vessels

Tenderness Rare +

Scleral thinning Rare +

Vision affected Rare +

Intraocular

involvement Rare +

ease entities does not infer aetiology, but pro-
vides valuable information regarding severity of
inflammation, prognosis, management options,
and association with systemic diseases and with
ocular complications. Few patients (<10%)
progress to a different form of scleritis from
their initial presentation [42].

Scleritis is defined as anterior or posterior
based upon the location of inflammation, rela-
tive to the equator of the globe. The majority of
scleritis is anterior and can be categorized as
non-necrotizing or necrotizing. Diffuse (40-
45%) and nodular (23-44 %) scleritis are non-
necrotizing and represent the most common
forms of anterior scleritis (Tables.2). The
necrotizing types of anterior scleritis are less
common (14-26 %), but represent a more severe
disease entity [34, 45]. Necrotizing scleritis is
classified as either with inflammation or with-
out inflammation, with the latter being synony-
mous with scleromalacia perforans.

Posterior scleritis represents a more hetero-
geneous spectrum of inflammation that is less
amenable to classification. The prevalence of
2-12% for posterior scleritis may be underrep-
resentative, due to its low incidence and under-
recognition on clinical examination [3, 34, 45].
Singh and Foster previously subdivided poste-
rior scleritis as either chronic or acute [40]. Ul-
trasonographic classification categorizes poste-
rior scleritis as diffuse or nodular, based upon
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Fig.5.1. Postsurgical necrotizing scleritis

increased eye wall thickness or the finding of
scleral nodules, respectively [22].

Although scleritis is most often idiopathic or
associated with a systemic disease, scleritis can
also be postsurgical or related to an infectious
process (Table 5.4). In previous studies, 25-57 %
of scleritis cases were associated with a known
systemic condition [34, 42, 45]. In the Watson
and Hayreh series, connective tissue disorders
were present in 15% of the patients, of which
rheumatoid arthritis constituted 10% [45]. In
another series with a higher proportion of
necrotizing scleritis cases, half (48 %) of the pa-
tients had an associated systemic connective
tissue or vasculitic disease [34]. Necrotizing
scleritis has the highest association (45-95%)
with systemic illness and represents the most
frequent type of scleritis that is the first mani-
festation of a systemic condition [34, 45].
Approximately two-thirds of patients with scle-
romalacia perforans have an associated sys-
temic condition [34], most commonly long-
standing rheumatoid arthritis (47%) [45].
Diffuse scleritis appears to be the most benign
form with the lowest prevalence of associated
systemic illness. Nodular scleritis and posterior
scleritis have an intermediate prevalence with
associated systemic conditions. Systemic condi-
tions associated with scleritis include Wegener’s
granulomatosis, relapsing polychrondritis,
systemic lupus erythematosus, inflammatory
bowel disease, Reiter’s syndrome, psoriatic
arthritis, polyarteritis nodosa, ankylosing
spondylitis, Behget’s disease, giant cell arteritis,
and Cogan’s syndrome [12, 23, 34, 45]. Vasculitis

Fig.5.2. Infectious scleritis

is a proposed common factor in the pathogene-
sis of both scleritis and the systemic autoim-
mune disorders.

Scleritis may occur following ocular trauma,
including surgery (Fig. 5.1). The aetiology is un-
clear, but is hypothesized to be driven by an
aberrant,immune-mediated response with a re-
sultant vasculitis. These patients may be predis-
posed to autoimmune disorders, where trauma
initiates the inflammatory cascade that causes
scleritis [19, 27, 32, 38]. Surgically induced necro-
tizing scleritis (SINS) can occur after any type
of ocular surgery with scleral manipulation, in-
cluding cataract surgery, strabismus surgery, fil-
tering blebs, pterygium surgery, and operations
for retinal detachments [19, 27, 32, 38]. The onset
of progressive scleral inflammation with scleral
destruction most frequently occurs within
6 months, but can occur as early as 1day or as
distant as years after the surgery [19, 27, 32, 38].
Inflammation is typically localized to the site or
adjacent to the site of surgery, but may progress
to involve the entire sclera [19, 32]. Necrotizing
scleritis (94%) and posterior scleritis occur
more often, compared with other forms of scle-
ritis [27]. The presence of necrotizing scleritis
following an uncomplicated ocular surgery
may represent the first manifestation of an
unrecognized systemic illness. The prevalence
of an underlying systemic disease in patients
with SINS is approximately 62-90% [19, 27, 32,
37].

Additionally, scleritis may develop due to a
primary infectious aetiology (Fig.s5.2) or sec-
ondarily as an immune response to a pathogen.
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Table 5.3. Systemic diseases associated with scleritis

Table 5.4. Infectious scleritis

Rheumatoid arthritis
Wegener’s granulomatosis

Inflammatory bowel disease:
ulcerative colitis and Crohn’s disease

Relapsing polychondritis
Systemic lupus erythematosis
Polyarteritis nodosa

Giant cell arteritis

Behget’s disease

Polymyalgia rheumatica
Reiter’s syndrome

Raynaud’s disease

IgA nephropathy

Ankylosing spondylitis

Gout

Sarcoidosis

Rosacea

Psoriasis

Lymphoma (Hodgkin’s)
Pyoderma gangrenosum
Cogan’s syndrome
Necrobiotic xanthogranuloma

Poststreptococcal vasculitis

Various bacterial, viral, fungal, and parasitic in-
fections have been implicated in scleritis [10, 17,
21]. Pseudomonas scleritis is the most common
cause of infectious scleritis and requires early
recognition due to its potential for severe tissue
destruction [17]. Infectious scleritis usually re-
sults from a traumatic mechanism or from ex-
tension of an infection involving other ocular
tissues (Table 5.4).

Summary for the Clinician

e The clinical classification of scleritis based
upon anatomic location and alterations in
vascular structures (Table 5.1) provides
prognostic information regarding severity
of inflammation, prognosis, therapy,
and association with ocular and systemic
morbidity

o Scleritis is relatively rare and the majority
of cases (94-98 %) are anterior

Bacterial
Pseudomonas
Proteus mirabilis
Staphylococcus epidermidis
Streptococcus pneumoniae
Viral
Herpes zoster
Herpes simplex
Mumps

Granulomatous
Mycobacterium tuberculosis
Mycobacterium chelonae
Mycobacterium leprae
Syphilis

Fungal
Aspergillus
Pseudallescheria boydii
Sporotrichosis

Parasitic
Acanthamoeba
Toxocariasis
Toxoplasmosis
Onchocerciasis

o Twenty-five to 57 % of scleritis cases are
associated with a systemic disorder, most
commonly rheumatoid arthritis (Table 5.3)

e Although most scleritis cases are consid-
ered idiopathic or associated with a sys-
temic condition, scleritis can be postsurgi-
cal or related to an infectious pathogen
(Tables.4)

5.1.2
Anatomy

The sclera is the durable, outer connective tissue
layer of the eye that protects the intraocular
contents and maintains the shape of the globe.
The episclera is the most superficial layer, com-
posed of an outer, parietal layer that merges
with the overlying conjunctiva and a deeper,
visceral layer that connects with the underlying
sclera. The scleral stroma is formed of dense
collagen bundles with an interlacing array of
fibrils, responsible for the opaque appearance
and rigidity of the sclera [13].
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The sclera is relatively avascular with the ex-
ception of perforating vessels. The metabolic re-
quirement of the sclera is low, due to the slow
turnover of collagen. The abundant blood sup-
ply to the sclera comes from vascular networks
in the episclera and choroid. The anterior seg-
ment is primarily supplied by the anterior cil-
iary arteries, which have extensive collateral
anastomoses with the posterior ciliary arteries.
The anterior ciliary arteries originate from the
ophthalmic artery and course anteriorly where
the lateral branches merge posterior to the lim-
bus, forming the anterior episcleral arterial cir-
cle. The bulbar conjunctival plexus, the superfi-
cial episcleral plexus, and the deep episcleral or
scleral plexus originate from branches of the
anterior episcleral circle. The superficial bulbar
conjunctival vessels are radial, freely mobile,
and appear bright red when congested. The less
superficial episcleral vessels are radial, less mo-
bile, located within the parietal episcleral layer,
and appear salmon pink when inflamed. In con-
trast, the deep episcleral vessels are immobile
with a criss-cross configuration, lie within the
visceral episcleral layer adjacent to the sclera,
and appear a bluish-red hue when congested
[13].

5.1.3
Pathogenesis

An associated vasculitis or microangiopathy
may play an important role in the pathogenesis
of scleritis [11-13, 29, 41]. A proposed component
underlying both necrotizing scleritis and sys-
temic autoimmune conditions is an obliterative,
immune complex mediated vasculitis. An im-
mune complex mediated or type III reaction
may be involved in the pathogenesis of scleritis
[12]. Exogenous and endogenous or “self” anti-
gens stimulate the immune system to produce
antibodies, leading to immune complex deposi-
tion within and outside of vessel walls. The inter-
action of immune complexes with the comple-
ment cascade may play an important role in
scleritis. The anterior sclera has higher levels of
the recognition component C1 of the comple-
ment cascade, compared with the posterior scle-
ra [8,16]. Inflammatory stimuli, such as interfer-

on-gamma, can induce scleral fibroblasts to in-
crease production of Ci1, C2, and C4 [16]. Im-
mune complexes interact with C1 to activate the
classical complement pathway, resulting in in-
creased vascular permeability and release of
chemotactic factors for neutrophils [8]. Tissue
damage occurs from membrane attack complex
mediated cell lysis and release of lysosomal en-
zymes, oxygen free radicals, and proinflammato-
ry cytokines by neutrophils. As a result, platelets
adhere to damaged endothelium, obstruct blood
vessels, and release additional inflammatory
mediators, contributing to further inflammatory
cell infiltration, fibrinoid necrosis, and vascular
occlusion [13]. Histopathologic studies of necro-
tizing scleritis have confirmed findings of im-
mune-complex deposition, neutrophil infiltra-
tion, and fibrinoid necrosis of the vasculature,
accompanied by elevated levels of immunoglob-
ulins IgM, IgG, IgA, complement C3,and C4 [12].

Animal models support the role of immune
complex deposition in necrotizing scleritis.
Intralimbal injections of albumin administered
to rabbits pre-sensitized to ovalbumin over
12-18 months can result in an arthus reaction
with findings consistent with necrotizing scleri-
tis, secondary to the presence of circulating
antibodies to ovalbumin [18].

A T-lymphocyte-mediated delayed hyper-
sensitivity or type IV reaction may also be in-
volved in the pathogenesis of scleritis. T-lym-
phocyte activation by an unknown antigen can
stimulate B-lymphocyte antibody production,
leading to immune complex deposition. Con-
versely, immune complexes can stimulate a
cell-mediated immune response. The increased
T-lymphocyte helper to suppressor ratio seen in
scleritis supports the T-cell-mediated role in the
complex interplay of the immune response.
Idiopathic scleritis is hypothesized to occur due
to a delayed hypersensitivity reaction to an
unknown endogenous scleral antigen [13].

Altered immune regulation may be another
factor involved in scleritis. Constitutive expres-
sion of class II MHC glycoproteins is normally
limited to Langerhans cells, macrophages,
monocytes, and lymphocytes. However, under
inflammatory stimulation by interferon-gam-
ma, scleral fibroblasts can be induced to express
class II HLA glycoproteins [16]. The aberrant
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capability of fibroblasts to present antigen to
T-helper lymphocytes may result in an in-
creased susceptibility to autoimmunity and a
loss of self-tolerance. Increased HLA-DR ex-
pression in necrotizing scleritis also supports
the role of altered immune function in these
patients [12,13,16].

5.14
Histopathology

The histopathology of scleritis is poorly under-
stood given the lack of available tissue in
the early stages of inflammation. Previous
pathologic studies were based upon tissue ob-
tained from enucleated eyes with advanced dis-
ease [15]. Scleral biopsies have rarely been per-
formed given the high rate of associated
complications. Although several previous histo-
pathologic examinations have failed to distin-
guish between the different causes of scleritis
[15, 39, 46], recent pathologic studies of necro-
tizing scleritis may elucidate its pathogenesis
[12, 28, 30]. The pathologic findings of scleritis
are classified as (1) rheumatoid and rheuma-
toid-like necrotizing scleritis, (2) idiopathic
necrotizing scleritis, (3) postinfectious scleral
inflammation, and (4) sarcoidal inflammation
[28,30].

The typical feature of rheumatoid or rheuma-
toid-like scleritis is central scleral necrosis with
a distinct surrounding zone of granulomatous
inflammation [12, 28, 30]. Inflammatory cell in-
filtration with polymorphonuclear leukocytes,
histiocytes, and lymphocytes within the episcle-
ral tissue and suprachoroidal area, the presence
of an associated necrotizing vasculitis, and scle-
ral fibre necrosis between the pars plana and
limbus are other notable findings in rheumatoid
scleritis. In the posterior sclera, histologic find-
ings are more suggestive of ischaemia than in-
flammation. No reactive proliferation of connec-
tive tissue or blood vessels is observed.
Rheumatoid nodules within the sclera are histo-
logically similar to the skin nodules seen in
rheumatoid arthritis.

Although many infectious agents can play a
primary or secondary role in scleritis, only a few
cases have histologic descriptions. In scleritis

following a previous herpes zoster ophthalmi-
cus infection, histologic findings usually in-
clude scleral necrosis, an associated vasculitis,
and surrounding zonal granulomatous inflam-
mation, primarily in the anterior sclera [28, 30].
The inflammation can be non-granulomatous
and focal. Although the scleritis is suspected to
be an immune-mediated response to the prior
infection, the presence of a reactive prolifera-
tion of granulation tissue distinguishes this
form from the rheumatoid type. In infectious
scleritis, the presence of microabscesses with or
without histologic identification of a pathogen
can be a distinguishing factor. In scleritis
caused by Pseudomonas, multiple microab-
scesses with necrotic neutrophils and gram-
negative bacteria can be seen [28, 30].

Idiopathic necrotizing scleritis is character-
ized by chronic, non-granulomatous inflamma-
tion and diffuse lymphocytic infiltration of the
anterior sclera, episclera, and uvea [28, 30]. In
contrast to rheumatoid-like scleritis, reactive
connective tissue and blood vessel proliferation
is observed, while findings suggestive of vas-
culitis are absent. The presence of newly formed
vascular channels and focal granulation tissue
with fibroblasts, lymphocytes, and histiocytes
in idiopathic scleritis may be suggestive of a de-
layed type of hypersensitivity [29]. Although
sarcoidosis rarely has scleral involvement, the
histologic findings are distinctive with minimal
to no necrosis and well-delineated lesions com-
posed of epithelioid cell collections [30].

Given the higher prevalence of anterior scle-
ritis compared to posterior scleritis,limited his-
tologic information about posterior scleritis is
known. Histologic findings of posterior scleritis
have been obtained by studying eyes enucleated
for the mistaken diagnosis of malignant
melanoma. Perivascular lymphocyte accumula-
tion in the episclera and sclera can be seen. Min-
imal findings suggestive of a primary vasculitis
were found [4].

In a case series of seven enucleated eyes
treated with systemic steroids, the presence of
RPE loss, chronic inflammatory cells, and mast
cells was observed in posterior scleritis. All sev-
en cases had findings of fragmented collagen
with widespread granulomatous changes sug-
gestive of an associated vasculitis [9].
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Summary for the Clinician

e Animmune-complex mediated microan-
giopathy or vasculitis may play a role in
the pathogenesis of scleritis

e The higher levels of complement C1 and
ability of induced scleral fibroblasts to
increase production of complement compo-
nents may be involved in the inflammatory
cascade, resulting in inflammatory cell
infiltration, fibrinoid necrosis, and vascular
occlusion

o The role of a cell mediated delayed hyper-
sensitivity reaction is supported by the
increase in T-lymphocyte helper to sup-
pressor ratio in scleritis

e Aberrant HLA-DR expression in scleritis
may play a role in the altered immune func-
tion in these patients

o The pathologic findings of scleritis can
have characteristic features based upon the
aetiology and be classified as rheumatoid,
idiopathic, postinfectious, and sarcoidal

5.2
Clinical Presentation

The diagnosis of scleritis is based upon history
and clinical findings seen on examination. Scle-
ritis is almost always associated with overlying
inflammation of the episclera or episcleritis.
However, the clinical distinction between scleri-
tis and episcleritis is necessary, as they repre-
sent different clinical disease entities with very
different clinical presentations, diseases cours-
es, treatments, and prognoses (Table 5.2) [45].

5.2.1
History: Ocular Symptoms

The clinical presentation of scleritis depends
upon the anatomic site involved and the extent of
inflammation. Patients often seek medical
attention for severe, deep, boring pain that can be
localized to the eye or generalized (66%),
radiating along the trigeminal nerve distribution
to the brow, temple, sinuses, and/or jaw [43, 45].
Pain is usually only temporarily relieved with

analgesics and can be associated with malaise
and weight loss, leading to misdiagnoses such as
sinusitis, migraines, and brain tumour. Disten-
tion of the nerve fibres secondary to scleral ede-
ma and necrosis of nerve endings are speculated
to be responsible for pain that can be so severe as
to awaken the patient. The most severe pain, of-
ten out of proportion to the extent of inflamma-
tion, is seen with progressive necrotizing scleri-
tis, which can be a stark contrast to the absence of
pain in scleromalacia perforans. The eye may feel
tender to palpation due to the inflammation [45].
However, tenderness is generally not experienced
in necrotizing scleritis without inflammation. In
contrast to scleritis, episcleritis is not associated
with significant pain or tenderness.

Scleritis typically has a gradual onset of red-
ness with increasing inflammation over several
days [45]. In contrast to the brighter redness of
episcleritis, scleritis is usually a darker viola-
ceous-red hue due to the depth of the congested
vascular plexus. The extent of redness does not
correlate with the severity of disease and may be
absent in scleromalacia perforans.

Photophobia and lacrimation are non-spe-
cific symptoms sometimes associated with
anterior scleritis, most often with necrotizing
scleritis [45]. Although approximately half of
patients report tearing in posterior scleritis,
photophobia is atypical. Conjunctival discharge
is not a characteristic feature of scleritis and
may suggest an infectious process.

Patients may experience an insidious onset
of visual impairment, especially if the inflam-
matory process extends to other ocular tissues
[22, 34, 40, 42, 45]. Loss of vision does not occur
in cases of episcleritis.

Scleromalacia perforans is most notable for
the potential lack of symptoms. Many patients
often do not report any subjective symptoms,
despite having significant signs of scleritis [45].

In addition to the symptoms described pre-
viously, posterior scleritis can present with less
common symptoms of proptosis, lid edema,
ptosis, and pain worsened with eye movement
(3,22, 43, 45].
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5.2.2
Physical Examination: Ocular Signs

Anterior scleritis is a clinical diagnosis that
requires careful examination to localize the
anatomic location and depth of structures in-
volved in the inflammatory process. In compar-
ison to tungsten, fluorescent, and cobalt blue
light, examination of the eye under natural light
greatly accentuates visualization of deep discol-
oration, extent of scleral edema, and areas of in-
creased transparency [45]. With the slit lamp ex-
amination, particular attention should be
directed towards distinguishing the level of
maximum vascular congestion, the most exten-
sive areas of scleral edema, and the presence of
episcleral infiltration.

A hallmark finding that distinguishes scleri-
tis from episcleritis is the presence of scleral
edema. Edematous sclera can bow forward, dis-
placing the deep episcleral vascular plexus and
exacerbating deep vascular congestion. To as-
sess the degree of scleral involvement, blanch-
ing the superficial conjunctival and episcleral
vasculature with topical 2.5% phenylephrine
can improve visualization of the underlying tis-
sue. Further examination using a red-free filter
is instrumental in evaluating the vascular archi-
tecture, areas of avascularity, and cellular infil-
tration of the episclera. The anatomic location
of the inflammation and typical alterations in
the vessels form the basis of the classification of
anterior scleritis [45].

Diffuse anterior scleritis is the most benign
form of scleritis (Fig.5.3). The area of involve-
ment can be segmental (60 %) or global (40 %),
with mild to severe inflammation and redness.
Distortion of the superficial and deep vascular
structures with subsequent loss of the normal
radial vascular pattern and replacement with
large, tortuous anastomotic channels can be
seen [45].

Nodular anterior scleritis can present with a
single or multiple scleral nodules (Fig. 5.4). Typ-
ically, the nodule is a darker hue of red, separate
from the overlying episclera,immobile,and ten-
der to palpation. These features distinguish this
form of scleritis from nodular episcleritis. The
lack of necrosis within the nodule and the con-

Fig.5.3. Diffuse anterior scleritis

tainment of inflammation within the borders of
the nodules differentiate this form from necro-
tizing anterior scleritis with inflammation. All
of the vascular layers overlying the nodule are
displaced forward [45].

Necrotizing scleritis with inflammation is
the most destructive form of anterior scleritis,
attributed to the extensive release of proteolytic
enzymes (Fig.s.5). Commonly, the initial pres-
entation is a localized area of scleral edema with
overlying inflammation, greatest at the leading
edge. A less common presentation is a focal area
of avascular episclera, adjacent to or overlying
an area of scleral edema. Thinning of the sclera
with increased visualization of the underlying
uveal tissue may result in a bluish-grey hue to
the sclera. Scleral transparency is attributed to
alterations in the collagen and ground sub-
stance, allowing increased visualization of the
darker uveal tissue. However, transparency does
not always indicate thinning of the sclera. A
hallmark feature of necrotizing scleritis is find-
ings of scleral ischaemia. Without treatment, the
inflammation can progress in both directions
circumscribing the globe, until the entire anteri-
or segment is involved. Vascular changes in-
clude postcapillary venous congestion, vascular
thrombosis, and the development of deep, anas-
tomotic vessels [45].

Minimal to no signs of inflammation are
seen with necrotizing scleritis without inflam-
mation or scleromalacia perforans. As the over-
lying episcleral tissue thins, patches of the scle-
ra may appear yellowish or greyish. The sclera
may appear porcelain-like, as the vascularity di-
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Fig.5.4. Nodular anterior scleritis

Fig.5.5. Necrotizing scleritis

minishes. Necrotic sclera can slough or become
sequestered. With severe scleral thinning, in-
creased visualization of the dark underlying
uvea may occur. Due to decreased sclera vascu-
larity attributed to arteriolar vaso-occlusion,
large, abnormal vessels may cross and surround
the areas of affected sclera [45].

The findings of posterior scleritis on exami-
nation are variable, based upon on the severity,
extent, and location of the inflammation. Dif-
fuse scleritis with generalized scleral thickening
without nodules or nodular scleritis can devel-
op in the posterior segment [22]. The most com-
mon signs of posterior scleritis are posterior
extension of anterior scleritis (34 %), a serous or
exudative retinal detachment (21%), optic disc
edema (18 %), a circumscribed subretinal mass
(13%), choroidal folds, retinal striae, elevated
intraocular pressure, and a bullous or annular
choroidal detachment [22]. Extension of scleral

inflammation to the adjacent choroid can lead
to an overlying serous detachment of the neu-
rosensory retina [22, 34, 43, 45], which repre-
sents the most common sign of posterior scleri-
tis (21%) [22]. Exudative macular detachments
occurred predominantly in young women, with
a mean age of 26, and often without any other
signs [3]. In posterior scleritis, a circumscribed
fundus mass or subretinal granuloma with as-
sociated choroidal folds and retinal striae
should be differentiated from a choroidal neo-
plasm. Choroidal folds and retinal striae can
occur as independent signs of mild diffuse in-
flammation [3, 40]. Bullous choroidal detach-
ments and, more commonly, annular cilioreti-
nal effusions can occur as an extension of
scleral inflammation [3]. Some patients (9-
17%) with posterior scleritis will have no pre-
senting signs [3, 22].

If inflammation extends beyond the globe,
proptosis, lid retraction, and restriction of ex-
traocular muscle motility may be seen [3, 45].
Orbital myositis may be associated with poste-
rior scleritis in up to 30 % of cases, as an exten-
sion of the scleral inflammation [6]. Consider-
able overlap can be seen between the diagnoses
of idiopathic inflammatory pseudotumour of
the orbit and posterior scleritis, representing
different manifestations within a disease spec-
trum. However, in idiopathic inflammatory
pseudotumour, involvement of the adjacent ex-
traocular orbital structures is the predominant
feature [3].

5.2.3
Associated Ocular Manifestations

In the series by Watson and Hayreh, the rate of
complications in patients with scleritis was
57 %, excluding scleral thinning [45]. Decreased
visual acuity, keratitis, cataract, uveitis, and
glaucoma are ocular associations indicating the
spread of scleral inflammation to adjacent tis-
sues [34, 42, 45]. Complications are more fre-
quent in severe necrotizing scleritis and poste-
rior scleritis [34, 42, 45]. Due to potential ocular
complications related to scleritis, early diagno-
sis and treatment of scleritis and its associated
ocular manifestations are critical.
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Visual acuity may be compromised in pa-
tients with scleritis and must be monitored
carefully. Decreased vision occurs most fre-
quently with posterior scleritis (45-84%),
necrotizing scleritis (74-82 %), nodular scleritis
(26 %), and least often with diffuse anterior
scleritis (9%) [34, 42]. Vision may be limited
due to keratitis, anterior uveitis, or cataract in
anterior scleritis. In posterior scleritis, vision
loss greater than 2 Snellen lines has been report-
ed in 31-45% of patients [22, 34]. Vision loss in
posterior scleritis from an axial hyperopic shift
in refractive status can occur secondary to scle-
ral edema with anterior displacement of the
retina [22, 34, 40]. Decreased vision in posterior
scleritis is most commonly related to macular
changes followed by optic disc abnormalities,
including macular edema, optic disc edema or
atrophy, retinal detachment, epiretinal mem-
brane formation, macular cyst or hole, and
cataract [22, 34, 40, 42, 45]. In some patients the
visual impairment can be severe and perma-
nent, emphasizing the importance of early diag-
nosis and treatment [22].

A mild to moderate anterior uveitis has been
observed in 30-42% of patients with scleritis,
most frequently (69 %) with necrotizing scleri-
tis [36, 45]. Almost half of the patients with pos-
terior scleritis have an anterior uveitis [34] and
2-100 % have a posterior vitritis, depending on
the case series [22, 45]. The anterior uveitis often
follows a long-standing and intractable course
[36, 45], with one-third of cases being bilateral
[36]. Approximately half of patients with scleri-
tis-associated uveitis have an associated sys-
temic illness [34, 36], most frequently (19%)
rheumatoid arthritis [36]. Anterior uveitis may
be an indicator of the activity and extent of scle-
ral inflammation, as the uveitis subsides when
the scleral inflammation is adequately treated.
Additionally, vision loss (49%), peripheral
ulcerative keratitis (22 %), and glaucoma (19 %)
occurred more frequently in patients with
uveitis compared with those without uveitis
[36]. Due to extension of scleral inflammation
to other ocular tissues, scleritis-associated
uveitis portends a worse prognosis.

A keratopathy has been associated with
14-29% of patients with scleritis, including
peripheral corneal thinning, stromal keratitis,

and peripheral ulcerative keratitis [34, 37, 42,
45]. Corneal changes are most frequently seen
in patients with necrotizing scleritis (relative
risk of 5.3) and least often in patients with dif-
fuse scleritis [37]. An associated systemic illness
was found in 87 % of patients who had both pe-
ripheral keratopathy and scleritis [37]. Patients
with scleritis-associated peripheral keratopathy
are at increased risk for complications, such as
decreased vision (81%), anterior uveitis (62 %),
and impending corneal perforation (62 %) [37].
Peripheral corneal thinning is the most benign
form with a well-demarcated peripheral zone of
circumferential thinning that precedes corneal
vascularization. Indicative of extension of scler-
al inflammation, stromal keratitis with central
or peripheral infiltrates can progress to diffuse
corneal clouding or sclerocornea [45]. The most
destructive keratopathy is peripheral ulcerative
keratitis inferring a worse prognosis [37 45],
with a higher prevalence of necrotizing scleritis
(67%), and a greater association with impend-
ing corneal perforation (100 %) [45].

During any stage of scleral inflammation, the
intraocular pressure may be elevated due to sev-
eral different mechanisms, such as obstruction
of the aqueous outflow channels, elevated epis-
cleral pressure, angle closure, or secondary to a
steroid response [45]. Although the elevation in
intraocular pressure may be transient, glaucoma
has been reported in 12-13 % of cases of scleritis
[34, 45]. Patients with an associated anterior
uveitis are at an increased risk for ocular hyper-
tension due to possible obstruction of the tra-
becular meshwork by inflammatory cells, corti-
costeroid usage, or secondary angle closure from
peripheral anterior synechiae [45]. Intraocular
pressure was elevated in 12% of patients with
posterior scleritis [22]. In 4-16% of posterior
scleritis cases with ocular hypertension, annular
ciliochorodial effusions were present, causing
secondary angle closure from anterior displace-
ment of the iris-lens diaphragm [3, 22].

Cataracts have been observed in 7-17% of
cases of scleritis [34, 45]. Cataract formation
may be accelerated by long-standing inflamma-
tion or secondary to steroid use. The prevalence
of cataract was associated with the type of scle-
ritis, seen most frequently with necrotizing scle-
ritis (41%) and least frequently with diffuse
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scleritis (9%) [34]. Cataract extraction can pre-
cipitate scleral inflammation, usually in the
form of a necrotizing scleritis [19, 37, 32, 38].

Scleral thinning (22%) most commonly oc-
curs in necrotizing scleritis and may progress to
ectasia [45]. Staphyloma formation occurs only
in the presence of increased intraocular pres-
sure, usually greater than 30mmHg. Scleral
defects can develop due to necrosis and seques-
tration, but rarely result in perforation. If the
inflammation is controlled medically, new colla-
gen may form over small defects. Large defects
are less likely to become adequately covered
with new granulation tissue [45].

5.2.4
Systemic Diseases: Clinical Evaluation

As scleritis can be associated with a systemic
condition and may be the initial manifestation
of a life-threatening immune-mediated disease,
a thorough history and examination are neces-
sary [14, 34, 35, 42, 43, 45]. The evaluation should
be directed towards any possible associated
rheumatologic, vasculitic, metabolic, pulmonary,
renal, cardiac, neurologic, or infectious signs
and symptoms. Referral to an internist or
rheumatologist can be of great assistance [45].

Summary for the Clinician

o Scleritis should be distinguished from
episcleritis. Vascular congestion that
persists after administering phenylephrine
2.5% is characteristic of scleritis

e The most common presenting symptom is
severe pain that can radiate along the
trigeminal nerve distribution

e Examination under natural light accentu-
ates visualization of the anatomic changes
with scleritis. Examination with red-free
filters facilitates evaluation of vascular
structures and regions of avascularity

¢ A hallmark feature that distinguishes scle-
ritis from episcleritis is the presence of scle-
ral edema. Ischemic changes of the scleral
are most notable in necrotizing scleritis

e Ocular complications of scleritis are most
frequent with necrotizing scleritis and
posterior scleritis, including scleral thin-

ning, staphyloma, perforation, loss of
vision, keratopathy, cataract progression,
uveitis, and glaucoma. Extrascleral exten-
sion of inflammation portends a worse
prognosis

e History and physical exam should be com-
prehensive, including evaluation for any
associated systemic conditions

5.3
Diagnostic Tools

Anterior scleritis is generally a clinical diagno-
sis, based upon external examination under di-
rect light and slit lamp examination [45]. Fluo-
rescein angiography of the anterior segment
may be an adjunctive diagnostic tool in differ-
entiating the type of anterior scleritis, particu-
larly in detecting early necrotizing scleritis [25,
44]. In diffuse anterior scleritis, rapid filling of
all vascular networks with decreased transit
time, subtle capillary alterations, and abnormal
leakage patterns may be seen. The angiographic
findings in nodular scleritis are similar, but may
be more localized than with diffuse anterior
scleritis. In early necrotizing scleritis, failure of
episcleral capillary filling, staining of the deep
sclera, and limbal conjunctival vascular anom-
alies may be seen. The most characteristic an-
giographic finding in necrotizing scleritis is
postcapillary venular occlusion with evidence
of hypoperfusion and, eventually, non-perfu-
sion. The transit time is much more reduced
compared to diffuse and nodular scleritis. An-
giographic evidence of new, anastomotic vessels
in a granuloma can be appreciated with associ-
ated deep scleral staining. In general, fluores-
cein angiography is not instructive in cases of
necrotizing scleritis without inflammation and
mainly findings are consistent with areas of vas-
cular closure. The sequential use of fluorescein
angiography and indocyanine green angiogra-
phy may be useful in determining areas of dam-
age that are not clinically visible and in differen-
tiating the subtypes of anterior scleritis [25].
The role of fluorescein angiography (FA) in the
diagnosis of posterior scleritis is very limited.
Although the inflammatory changes and
choroidal vasculature may be not easily as-
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sessed, other diseases in the differential diag-
noses of serous and exudative detachments,
RPE changes, choroidal folds, and retinal striae
may be excluded by fluorescein angiography
(3,22].

Indocyanine green angiography (ICG) may
play a greater role in the diagnosis and monitor-
ing of progression in posterior scleritis [1]. Fo-
cal areas of maximal scleral inflammation and
regression of inflammation in response to treat-
ment can be identified with ICG. The principal
feature indicative of scleral inflammation is
intermediate and late diffuse zonal choroidal
hyperfluorescence. In cases with massive sub-
retinal exudation, pinpoint areas of leakage in
the underlying choroid can be identified. Re-
gions with delayed choroidal perfusion corre-
spond to focal areas of hypofluorescence that
resolve in the late phase, in contrast to similar
areas in Voyt Koyanagi Harada syndrome that
persist in the late phase. Lastly, enlargement of
choroidal veins can be seen and the calibre
decreases as a response to treatment. ICG may
be useful in assessing therapeutic response [1].

The hallmark features of posterior scleritis
seen with both A- and B-mode ultrasonography
are helpful in differentiating posterior scleritis
from other conditions. B-scan ultrasonography
may reveal the characteristic flattening of the
posterior aspect of the globe due to retrobulbar
edema [3]. Abnormally increased thickening of
the posterior ocular coats of the globe >2 mm,
optic disc swelling, distension of the optic nerve
sheath, retinal detachments, and choroidal de-
tachments can be detected. Fluid can accumu-
late in the posterior episcleral space and extend
around the optic nerve, forming the cha-
racteristic “T-sign” on B-scan [3,22]. A-mode ul-
trasonography can be helpful in distinguishing
scleral nodules with high internal reflectivity
from areas of adjacent choroidal thickening
with low internal reflectivity. This pattern of re-
flectivity can also help differentiate scleral nod-
ules from choroidal melanomas with low inter-
nal reflectivity and no associated retrobulbar
edema. The hallmark feature of retrobulbar
edema in posterior scleritis is typically absent
in cases of metastatic carcinoma, choroidal hae-
mangiomas, benign lymphoid hyperplasia, and
VKH. A limitation of this diagnostic tool is the

lack of correlation between serial ultrasound
findings and clinical response to treatment [22].

Contrast enhanced orbital CT and MRI scans
can show characteristic scleral thickening, con-
firming the diagnosis of posterior scleritis.
Imaging is particularly useful in cases of sus-
pected orbital inflammation, an orbital mass, or
in patients with Grave’s thyroid disease. Radio-
logical evaluations are not thought to offer a sig-
nificant advantage over high quality B-scan ul-
trasonography when orbital extension is absent
[22].

Tissue biopsy is generally contraindicated in
scleritis, due to poor wound healing and areas of
scleral thinning at risk for perforation [45].If an
infectious aetiology is suspected, the appropri-
ate cultures should be obtained and tissue biop-
sy may be considered.

Patients with scleritis should undergo a tar-
geted evaluation for any possible associated sys-
temic condition [45]. Laboratory tests to consid-
er for immune-mediated connective tissue and
vasculitic disorders include erythrocyte sedi-
mentation rate, C-reactive protein, rheumatoid
factor, antinuclear antibody, antineutrophil
cytoplasmic antibody (classic and perinuclear),
immune complex testing, complement levels,
and complete blood cell count with differential.
Serum uric acid and urinalysis can be used to
screen for metabolic disorders, such as gout.
Latent syphilis can be investigated with serolog-
ic tests such as fluorescent treponemal antibody
absorption test (FTA-ABS). Investigation with a
radiograph of the chest, sacroiliac joint, joints of
the extremities, and sinuses should also be con-
sidered as part of the systemic evaluation for
arthritis, Wegener’s granulomatosis, and tuber-
culosis.

Summary for the Clinician

o Scleritis is generally a clinical diagnosis.
Ancillary testing with FA, ICG, ultrasonog-
raphy, MRI, and CT can be helpful adjuncts

o A classic sign of posterior scleritis is the
“T-sign” on B-scan, due to accumulation of
fluid in the posterior episcleral space and
around the optic nerve. Scleral thickening
seen on CT and MRI can be confirmative
of posterior scleritis
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o Tissue biopsy is contraindicated due
to the increased risk of perforation

o Patients should undergo targeted evalua-
tion with laboratory tests and radiographic
studies for any possible associated systemic
conditions

5.4
Medical Management

For non-necrotizing forms of scleritis, such as
diffuse and nodular, oral non-steroidal anti-in-
flammatory medications (NSAIDs) [24, 33, 42,
43, 45], such as indomethacin, are considered
first-line treatment with a 92 % success rate [33].
When patients fail to respond to oral NSAIDs,
systemic corticosteroids may be substituted or
more effectively used in combination with
NSAIDs [24]. Systemic corticosteroids can be
administered as oral prednisone 60 mg daily or
intravenously “pulsed” methylprednisolone.
Corticosteroids should be discontinued when
inflammation is suppressed and remission can
be maintained with NSAIDs. If treatment is not
successful with the use of corticosteroids, im-
munosuppressive agents should be added or
substituted as a third-line treatment [24, 33, 43].
Patients using NSAIDs need to be followed
closely for gastrointestinal symptoms and may
require ulcer prophylaxis. Side effects of corti-
costeroids include peptic ulcer disease, hyper-
tension, secondary diabetes mellitus, osteo-
porosis, weight gain, adrenal suppression,
Cushing’s syndrome, myopathy, psychosis, in-
creased intraocular pressure, and progression
of cataract formation [24].

For necrotizing scleritis, treatment with
NSAIDs is often inadequate. Alone or in combi-
nation with NSAIDs, systemic corticosteroids
are used as first-line therapy, usually with great
success [24, 43, 45]. If inflammation is not ade-
quately suppressed or if the patient is intolerant,
treatment with steroid-sparing immunosup-
pressive medications is indicated [14, 24, 33, 43,
45]. Additionally, immunosuppressive agents
can be used as combination therapy to decrease
corticosteroid dosage or in place of corticos-
teroids to decrease the side effects of their long-
term use. Immunosuppressive agents that can

be used to treat scleritis include oral cyclophos-
phamide, methotrexate, azathioprine, cyclo-
sporine, and tacrolimus [14, 33].

Often, when the systemic disorder is medical-
ly controlled, the scleral inflammation subsides.
Based upon previously published mortality data,
the use of systemic immunosuppressant therapy
for scleritis in patients with rheumatoid arthritis
may confer a better overall ocular and systemic
prognosis. Without aggressive systemic treat-
ment, patients with necrotizing scleritis and
rheumatoid arthritis had a higher s5-year mor-
tality rate from the onset of the systemic vas-
culitic manifestations [14, 45]. The physician
administering immunosuppressive therapy
should be trained to diagnose and manage the
side effects and potential complications associ-
ated with these medications [33].

The alkylating agent cyclophosphamide is
the most frequently used cytotoxic agent for se-
vere scleritis, especially efficacious in scleritis
associated with Wegener’s granulomatosis. Pa-
tients are advised to drink 3liters of fluid daily
to decrease the risk of hemorrhagic cystitis.
Other possible complications include bone
marrow suppression, pancytopenia, and onco-
genesis. The antimetabolite methotrexate can
be used to treat collagen vascular disease-asso-
ciated scleritis and may have complications of
hepatotoxicity, skin and mucosal ulceration,
bone marrow suppression, oncogenesis, and
secondary infection. Azathioprine is another
anti-metabolite that can be effective in relaps-
ing polychrondritis-associated scleritis and has
a similar side effect profile to methotrexate. For
refractory severe scleritis, the antimicrobial cy-
closporine may be effective and should be mon-
itored for bone marrow suppression, hyperten-
sion, hirsutism, hyperglycemia, hyperlipidemia,
tremor, nephrotoxicity, oncogenesis, and oppor-
tunistic infections. The immunosuppressant
antibiotic tacrolimus has a similar mechanism
of action to cyclosporine and may also be used
in cases of refractory scleritis. Patients should
be monitored for hyperglycemia, nephrotoxici-
ty, neurotoxicity, and gastrointestinal dysfunc-
tion.

In general, topical non-steroidal anti-inflam-
matory agents and corticosteroids are insuffi-
cient to suppress scleral inflammation [43]. Lo-
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cal use of corticosteroids as subconjunctival in-
jections is controversial. Historically, subcon-
junctival injections have been contraindicated
due to concerns of increased risk of scleral
necrosis and perforation [43, 45]. Subconjuncti-
val injections of triamcinolone acetonide may
be a safe and effective treatment of anterior
scleritis [47]. Additionally, use of orbital floor
depots of corticosteroids have been reported.
Local treatment may decrease the dosage re-
quirement of systemic treatment for scleritis.

The previous recommendations do not apply
to cases of infectious scleritis, where early diag-
nosis and treatment with the appropriate topi-
cal and intravenous anti-microbial medications
are crucial [17,24].

5.5
Surgical Management

Most cases of scleritis can be managed with
medical therapy alone. In 5-10% of cases of
necrotizing scleritis, surgical intervention is to
needed to cover scleral or corneal defects, to re-
pair ruptured globes, or to support areas of
uveal prolapse at risk for perforation [13]. Sys-
temic immunosuppressive therapy needs to be
implemented prior to or concomitant with such
procedures to increase the likelihood of graft
survival [3,26,31]. Homologous donor sclera tis-
sue is the most commonly used graft material.
Other materials that have been used with vari-
able results include fascia lata, periosteum,
aortic tissue, split-thickness dermal grafts, and
auricular cartilage [26]. Similarly, lamellar
corneal grafting may be needed for progressive
corneal thinning or keratolysis. In conjunction
with systemic immunosuppression, scleral
patch grafting and lamellar corneal grafting can
be useful in treating and preventing ocular per-
foration in progressive disease [31].

Surgical intervention for secondary compli-
cations, such as cataract and glaucoma, should
be performed only when the inflammation is
medically controlled. Additional immune sup-
pression perioperatively may be beneficial in
preventing a surgically induced relapse of scle-
ritis.

Summary for the Clinician

e Scleritis is generally medically managed
in a stepwise manner with non-steroidal
anti-inflammatory agents, corticosteroids,
and steroid-sparing immunosuppressants,
based upon therapeutic response and
tolerance

e Due to the systemic nature of the medica-
tions, patients need to be followed closely
for associated side effects

o Five to 10 % of scleritis cases require
surgical intervention and success is highly
dependent upon medical control of the
inflammation
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Clinical Aspects of MALT
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Core Messages

e Mucosa-associated lymphoid tissue (MALT)
is an outpost of the immune system
located at mucosal surfaces of the body.

It can recognize antigens, generate specific
effector cells and provide the mucosal
organs with such cells

MALT also occurs at the normal human
ocular surface and appendage (lacrimal
gland, conjunctiva and lacrimal drainage
system), which together form an eye-asso-
ciated lymphoid tissue (EALT)

EALT makes an important contribution to
the homeostasis of the ocular surface

by maintaining the equilibrium between
inflammatory immune reactions against
pathogens and immune tolerance against
non-pathogenic antigens

Dendritic antigen presenting cells (DC) are
a key regulator of the immune response by
the promotion of different subpopulations
of T-lymphocytes that act via specific sets
of cytokines

Various diseases of the ocular surface
include an immune mediated inflammation

6.1
Introduction

The immune protection at the inner and outer
mucosal surfaces of the body, including the oc-
ular surface, is maintained by a part of the im-
mune system termed the “mucosa-associated
lymphoid tissue” (MALT). This is found in dif-
ferent mucosal organs where the lymphoid tis-
sue for each is designated separately according

with production of cytokines, chemokines,
adhesion molecules and action of lympho-
cytes
e This is conceivably influenced by a dysregu-
lation of EALT and can hence be therapeuti-
cally addressed by immune modulatory
drugs
Different types of dry eye disease contain
an underlying immune modulated inflam-
mation based on a deregulation of the
physiological and normally protective
mucosal immune system
In chronic allergic and vernal keratocon-
junctivitis (AKC and VKC) inflammatory cells
and lymphocytes are activated by mast cell
cytokines and result in an inflammatory
infiltrate and corneal destruction
Local as well as systemic T-cell mediated
immune processes are involved in trans-
plant rejection. CD4+ lymphocytes play an
essential role in the immune response dur-
ing corneal graft rejection and are the main
target ofimmunomodulatory therapy

to an international nomenclature composed of
characteristic acronyms. MALT is most promi-
nent in the gut (termed gut-associated lym-
phoid tissue or GALT) but is also found in the
airways (termed bronchial-associated lym-
phoid tissue or BALT) or in the genitourinary
system. Recently MALT was also described as a
regular component of the normal human ocular
surface and accordingly termed eye-associated
lymphoid tissue (EALT).
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One of the main functions of MALT is to es-
tablish a balance between immunity and toler-
ance in order to prevent destruction of the deli-
cate mucosal tissues by constant inflammatory
reactions, which applies in particular to the eye.
This is maintained by an anti-inflammatory
cytokine milieu in mucosal tissues and is most
likely regulated by antigen presenting dendritic
cells (DC) that act as key regulators of the im-
mune system and normally favour anti-inflam-
matory T- or B-cell responses in mucosal loca-
tions. A major defence mechanism of MALT is
the production of secretory immunoglobulins,
mainly of the IgA and partly of the IgM isotype
by differentiated B cells (plasma cells). In con-
trast to the IgG isotype that prevails in the
blood, IgA has very little complement binding
activity and therefore does not initiate inflam-
matory reactions during host defence.

The lymphoid cells of MALT migrate in a
regulated fashion, guided by specialized vessels,
adhesion molecules and soluble chemotactic
factors. They migrate between the different mu-
cosal organs, which are hence assumed to con-
stitute a functionally interrelated mucosal im-
mune system. By these migration pathways,
MALT is also connected to the central immune
system.

Since the mucosal immune system is a
prominent source of professional immune reg-
ulating cells and soluble mediators that are con-
stitutively present also at the normal human oc-
ular surface, it is also involved in mucosal
disease states as will be pointed out in the pres-
ent paper. In fact research has indicated that
deregulation of the physiological mucosal im-
mune system may contribute as a primary or
secondary pathogenetic factor to inflammatory
diseases such as ocular allergy but also to con-
ditions such as dry eye disease where an under-
lying inflammatory component is shown. The
mucosal immune system is certainly also in-
volved in the course of a corneal transplant and
its potential rejection, which represents a T-cell-
mediated process. This is regulated to a large
extent through the mediation of conjunctival
DC and the newly discovered central corneal
DC.

Advances in the understanding of the differ-
ent mechanisms of ocular mucosal immunity,

concerning for example immune regulatory
cells (e.g. T cells and DC), regulatory molecules
or mechanisms of recirculation that guide the
influx of cells into the respective tissues, may
therefore be applied as future more effective
strategies for some of today’s not infrequently
therapy resistant diseases. The successful appli-
cation of immunosuppressive agents in certain
cases of dry eye disease, for example, has indi-
cated the rationality of this approach.

6.2
Structure and Function of MALT

6.2.1
Structure of MALT

6.2.1.1
Histology of the Mucosa

Mucosal tissues consist of two sheets (Fig. 6.1).
The superficial sheet represents a unilayered or,
at the ocular surface, a multilayered arrange-
ment of epithelial cells. They usually have a
strong mechanical connection by intercellular
adherence junctions (e.g. desmosomes and
zonulae adherentes) and are sealed by an apical
tight junction complex that prevents entrance
of foreign materials including potential anti-
gens. Impairment of the epithelial integrity is a
major reason for a deregulation of mucosal im-
munity and is observed in dry eye disease and
in allergic eye disease but is also caused by the
surgical trauma during corneal transplantation.

The epithelium is separated by a thin base-
ment membrane from the underlying loose
connective tissue of the lamina propria. The
lamina propria not only has mechanical proper-
ties for anchorage of the epithelium but is high-
ly vascularized to serve for metabolic purposes
and to provide migratory pathways for lym-
phoid cells. Lymphoid cells can immigrate in a
regulated fashion via specialized postcapillary
high endothelial venules (HEV) or flat-lined
vessels into the tissue and can leave from the tis-
sue via afferent lymphatic vessels towards the
regional lymph nodes and eventually into the
blood circulation in order to recirculate
(Fig. 6.1). The lamina propria is filled with a
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Fig.6.1 A, B. Structure and function of the mucosal
immune system. MALT consists of a diffuse lymphoid
tissue (A) and of an organized follicular tissue (B),
shown here at different enlargements. Mucosal tis-
sues in general are composed of two sheets, the lumi-
nal epithelium (e) with its basement membrane (bm)
and an underlying lamina propria (Ip), which both
contain lymphocytes. The lamina propria is com-
posed of loose connective tissue with small blood
vessels (), afferent lymph vessels (I) and numerous
cells including lymphoid cells [T-lymphocytes
(black), B-lymphocytes (blue), plasma cells (p)]. Ac-
cessory cells occur like fibroblasts (f), macrophages
(m¢), mast cells (mc) or dendritic cells (dc). Intraep-
ithelial lymphocytes are mainly CD8+ suppressor/cy-

large number of different cell types and macro-
molecules that serve the purpose of nutrition
and protection as maintained, e.g. by im-
munoglobulins and antibacterial peptides. The
lamina propria also enables the communication
of cells with each other and their extracellular
matrix by different types of molecules. Cyto-
kines, chemokines and adhesion molecules
transfer (immunoregulatory) information, guide
the migration by forming a gradient, act as traf-
fic signals anchored to the extracellular matrix
and cells or provide direct cell contacts.

Cells in the lamina propria consist of so-
called fixed cells like fibroblasts that are respon-
sible for the production and maintenance of
the connective tissue itself and free cells (e.g.

totoxic T cells whereas in the lamina propria of the
diffuse tissue (A) they occur in roughly equal num-
bers together with CD4+ T-helper cells. Follicular
lymphoid tissue (B) is formed by accumulations of B-
lymphocytes with parafollicular T-cell zones, vessels
and an overlying specialized follicle-associated ep-
ithelium for antigen transport towards the follicle.
Naive lymphocytes enter follicular regions via blood
vessels (b), come into contact with antigens, antigen-
specific lymphocytes proliferate, differentiate and
leave via lymphatics (). They finally reach the blood
circulation and may later emigrate to populate the
same or other mucosal tissues as effector cells (T cells
and plasma cells)

lymphocytes, plasma cells, macrophages, DC,
eosinophils or mast cells) that can migrate in
and partially out of the tissue and mainly have
protective tasks. Lymphoid cells occur in both
mucosal layers: in the connective tissue as lam-
ina propria lymphocytes (LPL) and plasma cells
and inside mainly the basal layers of the epithe-
lium as intraepithelial lymphocytes (IEL). Anti-
gen presenting DC also occur in the epithelium
and lamina propria. The other free cell types
normally only occur inside the lamina propria.
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6.2.1.2
Conformations of MALT

MALT is divided into two forms [29] (Fig. 6.1).
In the “organized” lymphoid tissue lympho-
cytes are organized into lymphoid follicles
whereas the “diffuse” lymphoid tissue is com-
posed of diffusely interspersed lymphoid cells
along the mucous membranes and their associ-
ated glands.

Follicular MALT is regarded as the afferent
arm of mucosal immunity where antigens are
taken up from the environment by a specialized
follicle-associated epithelium (FAE). Antigens
can be presented to lymphocytes by antigen
presenting cells in the parafollicular T-cell re-
gions around follicles. This leads to lymphocyte
activation, proliferation and eventual differenti-
ation into effector cells of the T- or B-lineage.
Contact with antigens and proliferation of B
cells results in a transformation of the homoge-
neous primary follicle into a secondary follicle
with a bright germinal centre of proliferating B
cells. The mucosal antigen presentation to naive
T cells takes place in parafollicular regions in
order to produce differentiated effector cells.
This can happen in local follicles of MALT but
antigens can also be transported by antigen pre-
senting DC via the afferent lymphatic vessels
into regional lymph nodes.

Diffuse lymphoid tissue is populated by the
arising effector cells and represents the efferent
arm of mucosal immunity. T-lymphocytes [61]
that have differentiated into CD8-positive
suppressor/cytotoxic cells either directly act
against antigens and provide the cellular T-cell
immune response or support immunosuppres-
sion. B cells in contrast that differentiate into
immunoglobulin producing plasma cells,act in-
directly by secreted immunoglobulins. In con-
trast to systemic immunity, plasma cells in mu-
cosal tissues contribute to secretory immunity
by the production of polymeric immunoglobu-
lins that are transported through the overlying
epithelium with the help of an epithelial trans-
porter molecule (secretory component, SC) and
build up a protective layer at the mucosal sur-
face [4].

6.2.1.3
Lymphocytes and Accessory Cells

6.2.1.3.1
Lymphocytes

B-lymphocytes represent the majority of lym-
phocytes in the follicular zones whereas in
the diffuse lymphoid tissue B cells are rare and
T cells predominate together with various other
cell types. CD8-positive suppressor/cytotoxic
cells are usually more frequent in the mucosa
than CD4-positive T-helper cells (CD8+) that
regulate the differentiation of T- and B-lympho-
cytes. CD8+ cells strongly dominate in the ep-
ithelium and frequently bear the human mu-
cosa lymphocyte antigen (HML-1), whereas in
the lamina propria both populations occur in
roughly equal amounts. Since there was indica-
tion that CD8+ suppressor/cytotoxic T cells
may primarily be involved in immune suppres-
sion, it was supposed that their presence charac-
terizes the ocular surface, similar to other parts
of the mucosal immune system, as a highly im-
mune regulated tissue that favours immune
suppression rather than inflammation [6, 53].
However, T cells can also mediate inflammatory
immune responses that represent basic patho-
logical mechanisms in the types of ocular sur-
face diseases considered in the present paper.

6.2.1.3.2
Antigen Presenting Cells

Antigen presentation to naive T cells is per-
formed by so-called professional antigen pre-
senting cells (APC) that are composed of
macrophages, B cells and dendritic cells, all of
which occur in ocular MALT. Only the bone
marrow derived dendritic cells (DC) can direct-
ly stimulate T-lymphocytes and are therefore
the most important APC also at mucosal sur-
faces [2] for the initiation of a T-cell-mediated
immune response. T-cell-mediated responses
are important for most kinds of immunological
reactions, including the humoral immunity by
production of soluble antibodies which is influ-
enced by T-helper cells, and they also determine
the clinical conditions considered in this paper.
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DC occur in the epithelium and also in the
lamina propria of mucosal tissues. Immature
DC prevail, which show an active uptake of anti-
gens but a low surface expression of antigen
presenting MHC-class-II molecules and co-
stimulatory molecules, performing an ineffec-
tive presentation of antigens to T cells [2, 37].
They produce preferably anti-inflammatory
cytokines such as interleukin 10 (IL-10) [19]. If
these DC come into contact with T cells, they
tend to inhibit inflammatory T-cell immune re-
actions and favour the humoral immune answer
with the production of soluble immunoglobu-
lins, as in fact mainly found at mucosal surfaces
(IgA and IgM) [4], or they may initiate immune
tolerance by induction of regulatory T cells [67].

6.2.1.4
Recirculation of Lymphoid Cells

Due to the enormous variety of potential anti-
gens there is only a limited number of lympho-
cytes available with a given antigen specificity
although the total number of lymphocytes is
relatively high (for review see [26]). Therefore
naive lymphocytes continuously patrol through
the body and stay in the blood only for a short
time. They leave in large numbers from the
blood into the tissues, and the term “recircula-
tion” refers to the fact that they finally re-enter
the blood circulation via lymphatic vessels,
lymph nodes and the thoracic duct (Fig. 6.1). In
the search for their specific antigen, naive lym-
phocytes may follow this pathway several times
and after contact with the cognate antigen they
can undergo activation, clonal proliferation and
differentiation into effector cells in order to
mount a specific response. Antigen-specific
memory cells await a second contact with the
antigen to boost a rapid and forceful secondary
immune response [5].

There is no a unified concept for the homing
of lymphoid cells into tissues available so far.
Several studies seem to show a cell type specific
distribution of adhesion molecules (lympho-
cytes homing receptors) on lymphoid cells and
a respective tissue selective distribution of
binding molecules (vascular addressins) on the
vascular endothelium of tissues in order to
guide lymphocyte migration through the body

[5, 61]. Together with previous results and other
data on the isotype specific distribution of the
secretory IgA response [4], this indicates a cer-
tain compartmentalization of the mucosal im-
mune response and a certain tissue specificity
of migration and homing in the mucosal im-
mune system. Other authors have challenged
this concept by lymphocyte migration studies
using adoptive lymphocyte transfer in other-
wise unmanipulated hosts and have found that
events inside the tissue such as local lympho-
cyte retention, proliferation or apoptosis may
contribute equally to the effective accumulation
of lymphocytes inside certain tissues or their
effective movement through these tissues
(reviewed in [63]).

Summary for the Clinician

e Mucosa-associated lymphoid tissue (MALT)
is a part of the immune system that is
located at mucosal surfaces of the body

o It consists of a diffuse lymphoid tissue
populated by effector cells and accessory
cells. T-lymphocytes provide cellular
defence and differentiated B-lymphocytes
(plasma cells) secrete soluble protective
IgA immunoglobulins

o Interspersed organized lymphoid follicles
allow antigen recognition, activation and
differentiation of specific effector cells

6.2.2
Eye-Associated Lymphoid Tissue (EALT)

There has been considerable controversy about
the occurrence and normality of lymphoid cells
at the ocular surface and appendage. Recent re-
sults in whole mounts of complete normal hu-
man ocular tissues have shown that lymphoid
cells are a normal tissue constituent and in fact
form a continuous mucosa-associated lym-
phoid tissue in the lacrimal gland, conjunctiva
and lacrimal drainage system, termed eye-asso-
ciated lymphoid tissue (EALT) [22, 23, 25, 28]
(Fig. 6.2).
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Lacrimal
gland

Fig.6.2. Eye-associated lymphoid tissue (EALT).
The ocular surface is an integral part of the mucosal
immune system of the body. The diffuse lymphoid
tissue with an effector function by lymphocytes and
plasma cells is continuous as indicated by blue line
from the lacrimal gland along the excretory ducts into
the conjunctiva as conjunctiva-associated lymphoid
tissue (CALT) and continues through the lacrimal
canaliculi inside the lacrimal drainage system
as lacrimal drainage-associated lymphoid tissue

6.2.2.1
Organized Lymphoid Tissue in EALT

Organized lymphoid follicles in the human con-
junctiva have been reported in different num-
bers in individuals with a macroscopically nor-
mal conjunctiva (as reviewed in [28]). Apart
from the fact that most of these studies investi-
gated only small tissue biopsies or selected con-
junctival areas which do not represent the
whole organ as found later, the amount of folli-
cles also varies with age [44].

Recent results in normal whole-mount tis-
sues of the human conjunctiva have shown that
even in an old age population about 60 % of tis-
sues contain organized lymphoid follicles with a
distinct topographical distribution. They cumu-
late in the tarso-orbital zone and have a high
(>80 %) bilateral symmetry [28].In the lacrimal
drainage system, a similar lymphoid tissue
occurs and was termed, according to the inter-
national nomenclature, lacrimal drainage-asso-

Conjunctiva

Lacrimal
drainage
system

(LDALT)

(LDALT). The lymphoid tissue of these three organs
together constitutes EALT. Follicular tissue for the de-
tection of ocular antigens occurs in CALT and LDALT.
Effector cells that are primed in follicular tissue
against ocular surface antigens can migrate in a regu-
lated fashion via specialized vessels between the or-
gans of EALT and the other parts of the mucosal im-
mune system and can hence provide them with
effector cells that are specifically directed against
antigens that occur at the ocular surface

ciated lymphoid tissue (LDALT) [22] with lym-
phoid follicles in roughly half of the tissues
(about 41% [45], 44% [22] or up to 56 % of old
age body donors [24]).

6.2.2.2
Diffuse Lymphoid Tissue in EALT

Similar relations of lymphoid cell types as in
other diffuse MALT were found in immunobhis-
tological studies on biopsies of the human con-
junctiva [6, 18, 53] including the regular pres-
ence of mucosa-specific lymphocytes [6, 18].
However, there were different, partly conflict-
ing, reports concerning the amount and loca-
tion of lymphoid cells. This is probably due to
the topographical distribution of these cells as
found in studies on normal human conjunctival
whole-mount tissues. Lymphoid cells in the
subepithelial lamina propria form a lymphoid
layer that can have local inhomogeneities but
still shows an overall distinct topographical dis-
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tribution with a preference for the tarso-orbital
conjunctiva [28].

The components of the secretory immune
system (lamina propria plasma cells positive
for IgA and its transporter molecule SC in the
epithelium) have not been found consistently at
the normal human ocular surface except for the
lacrimal gland, which therefore appeared as the
sole source of specific immune protection,
whereas the same plasma cells in the conjuncti-
va were addressed as inflammatory cells. The
universal presence of a secretory immune sys-
tem that reaches continuously from the lacrimal
gland via the conjunctiva into the lacrimal
drainage system was only recently verified at
the normal human ocular surface by studies
that combined the histological and immunohis-
tological investigation of complete tissue whole
mounts from normal human body donors [22,
23, 25, 28]. Together with ultrastructural results
on the differentiation of the employed cell types
and molecular-biological evidence for the pres-
ence of the mRNA of IgA and SC [21], this
demonstrated the local production of secretory
IgA in the conjunctiva and lacrimal drainage
system.

6.2.2.3
Dendritic Cells in EALT

At the ocular surface the dendritic Langerhans
cells occur as antigen presenting cells similar to
the skin [42]. They have been described in a
number of animal species and humans for sev-
eral decades and have frequently been detected
with antibodies against some of their antigen
presenting surface molecules (e.g. MHC-class-I,
MHC-class-II) in isolated epithelial sheets and
in histology.

In contrast to the conjunctiva and the mar-
ginal cornea that both have relatively frequent
MHC-class-II positive DC, it was found that the
central cornea is almost free of these cells. Only
in inflammatory conditions, for example after
vascularization or after experimental wounding
or irritation, were appreciable numbers of
MHC-class-II positive DC observed in the cen-
tral cornea. These observations seemed to fit
relatively well with the known low percentage of
rejection of corneal allografts compared to re-

sults with transplantation of other organs, e.g.
skin, kidney or heart [50]. Only recently with
new antibodies has it been possible to observe
that even the central cornea in fact contains
numerous DC that are immature and do not
express antigen-presenting surface molecules
[15] under normal conditions.

6.2.2.4
Recirculation to EALT

In EALT, there is only sparse information so far
about homing mechanisms and regulating fac-
tors. The presence of high endothelial venules in
the normal human conjunctiva has been shown
(for review see [26]). The intestinal vascular ad-
dressin MAJACAM-1 is not observed on high
endothelial venules but other adhesion mole-
cules like VAP-1, ICAM-1, VCAM-1 and E-se-
lectin have been found and showed a weak or
sporadic staining. These addressins are thought
to be possibly involved in extraintestinal hom-
ing but may also indicate an inflammatory re-
sponse. The presence of ICAM-1 in the normal
human conjunctiva was confirmed but ICAM-1,
VCAM-1 and E-selectin were found to be in-
flammation dependent and strongly expressed
only under inflammatory allergic conditions

[1].

Summary for the Clinician

e Mucosa-associated lymphoid tissue also
occurs at the normal human ocular surface
and appendage and is integrated into the
mucosal immune system of the body as
eye-associated lymphoid tissue (EALT)

e Itis continuously expressed from the
lacrimal gland throughout the conjunctiva
(as conjunctiva associated lymphoid tissue,
CALT) and inside the lacrimal drainage
system (as lacrimal drainage-associated
lymphoid tissue, LDALT)

e It has the machinery to recognize ocular
surface antigens, generate effector cells
(T-lymphocytes and plasma cells) that are
specifically directed against them and can
provide, via lymphocyte recirculation, the
ocular effector tissues and other mucosal
organs with such cells
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6.2.3
Basic Functions of MALT

MALT modulates between inflammatory im-
mune protection and immune tolerance
(Fig. 6.3). There was a historic misunderstand-
ing of the function and significance of lym-
phoid cells at least at the ocular surface because
they were usually considered an indication for
an inflammatory infiltration of the mucosa.
Consequently lymphocytes and plasma cells
were frequently termed “inflammatory cells”.
In contrast to this term, lymphoid cells have
important functions for the preservation of
the tissue integrity. Mucosal immunoglobulins
(IgA) from local plasma cells are distinctly anti-
inflammatory and perform “immune exclu-
sion”, i.e. the inhibition of antigen penetration
into and the removal of penetrated antigens
from the mucosal tissue [4]. Recent advances in
immunology have furthermore shown that T-
lymphocytes per se are not inflammatory cells
but that there are different types of T-lympho-
cytes with differential functions (Fig. 6.4). Even
those which support a cellular inflammatory
immune answer require, in addition to the mere
presence of antigen, distinct and highly regu-
lated activation procedures in the context of
accessory professional antigen presenting cells
together with co-stimulatory signals (Fig. 6.4).
However, if deregulation of the physiological
mucosal immune system occurs, lymphoid cells

can also be involved as a primary or secondary
pathogenetic factor in several forms of ocular
surface disease as outlined below for some com-
mon ocular diseases.

In contrast to the systemic immunity in the
blood and internal organs which favours the de-
struction of antigens, a main function of mu-
cosal immunity appears to be the generation of
immune tolerance (Fig. 6.3) against the multi-
tude of non-pathological antigens at mucosal
surfaces that are not supposed to cause constant
immune activation [29]. This applies in parti-
cular to the ocular surface which is directly
exposed to the environment.

6.2.3.1
Immune Regulation at Mucosal Surfaces
and the Th1/Th2 Paradigm

To initiate immune responses, antigens must be
recognized by naive T cells in order to activate
them to effector cells. According to the present
concept, two signals are necessary for the acti-
vation of T cells. Besides the correct recognition
of a presented antigen (signal 1) by the interac-
tion of the specific T-cell receptor, the peptide
antigen and the antigen presenting MHC-class-
II molecule on the APC, the presence of co-stim-
ulatory signals (signal 2) such as CD80/86,CD40
or ICAM-1 on the APC is required. This is neces-
sary to initiate the production of a sufficient
amount of the cytokine interleukin-2 (IL-2) by
the T cell that is required for the autocrine stim-

Microbial Normal Non- Normal F}ilg. 6.3. Belts.ic functions of
Bacterial  Pathogenic Tissue the mucosal immune system.
Path ogens Flora Antigens Components One of the main functions of
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is the maintenance of a fine
equilibrium between inflamma-
tory immune protection against
microbial infection and the
generation of tolerance to the
majority of non-pathogenic
antigens that occur at mucosal
surfaces in order to prevent
constant inflammatory reac-
tions that are destructive not
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Fig.6.4. Immune regulation by DC. Bone marrow
derived antigen presenting dendritic cells (DC) are
key regulators of mucosal immunity by initiating dif-
ferent types of effector T cells that act through differ-
ent cytokine patterns. Normally DC are in an imma-
ture state that cannot efficiently present antigens to
naive T cells (Th0). ThO cells hence develop into inac-
tive anergic T cells or into immunosuppressive anti-
inflammatory regulatory T cells (termed Th3 or Treg,
according to different nomenclatures) that produce
immunosuppressive cytokines (e.g. IL-10, TGF-f) or

ulation of T-cell proliferation and differentia-
tion. If co-stimulation is missing, non-reactivity
(tolerance) is induced by an anergy or deletion
of the respective antigen of the specific
T-lymphocyte. The requirement of two signals
is assumed to represent a control mechanism in
peripheral tissues (peripheral tolerance)
against accidental activation of autoreactive T
cells that may have escaped the mechanisms of
central tolerance in primary lymphatic organs
(bone marrow and thymus) which produce the
naive lymphocytes.

DC have different functional states in order
to modulate the antigen presentation [37]. The
type and concentration of local cytokines (cy-
tokine milieu) and other external factors influ-
ence the immune regulation by DC and the re-
sulting differentiation of different types of
T-helper (Th) cells, which in turn differ in the
cytokine signals they produce themselves [40]

(antibody production-
tolerance)

they support development of Th2 cells which act
through promotion of B-cell maturation into im-
munoglobulin secreting plasma cells. When “danger
signals” are introduced by microbial infection or tis-
sue destruction the DC start their maturation, upreg-
ulate the antigen presentation molecule MHC-class-II
at their surface together with co-stimulatory mole-
cules (e.g. CD80/86, CD40, ICAM-1) and stimulate
proinflammatory Thi cells. Thi cytokines inhibit Tha
and Treg cells and reverse in order to focus the im-
mune response in a distinct direction

and the immune reactions they initiate or
favour.

In mucosal tissues immature DC prevail that
show an active uptake of antigens but a low sur-
face expression of MHC-class-II and co-stimu-
latory molecules [2] and also produce preferably
interleukin 10 (IL-10) [19]. If such immature DC
present antigens to T cells, they stimulate the
differentiation of T-helper cell type 2 (Th2) that
induce immunoglobulin production by plasma
cells by their cytokines (IL-4, IL-5 and IL-10).
Alternatively, newly (re-)discovered regulatory
T cells (termed Treg or Th3) can arise that are
more strongly immunosuppressive through the
combined production of IL-10 and transform-
ing growth factor f (TGF-f) and can therefore
even inhibit the rejection of transplants [67].

Through the contact with maturation signals
[37],immature DC differentiate into mature DC.
Since the maturation signals are initiated via
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unphysiologic events in the context of infection
or tissue destruction (e.g. contact with micro-
bial pathogens, inflammatory cytokines, trans-
plant surgery), these signals are also termed
“danger signals” [11]. Hereby DC are activated
and mature by expression of high levels of sur-
face MHC-class-II and co-stimulatory mole-
cules (CD80,CD86,CD40). This allows an effec-
tive antigen presentation that leads to the
initiation of a cellular proinflammatory im-
mune answer by T-helper cells type 1 (Th1) and
their cytokines (IL-2, IFN-y, TNF-a).

Thi- and Th2-lymphocytes tend to inhibit
each other by shifting the cytokine milieu in
opposing directions and this Th1/Th2 paradigm
is frequently used to explain the course of im-
mune reactions. However, this paradigm may be
oversimplified because other Th subtypes exist
and because findings from the ocular surface,
e.g. in allergy [38] and in dry eye disease (M.E.
Stern, S.C. Pflugfelder, personal communication),
indicate that both subtypes can be involved in in-
flammatory processes as shown below.

Summary for the Clinician

e A basic function of MALT is the immune
regulation at mucosal surfaces by balancing
between an inflammatory immune defence
of pathogens and a tolerance of the ubiqui-
tous non-pathogenic antigens

o The preference is for a generation of toler-
ance mechanisms in order to avoid constant
inflammatory destruction of the delicate
mucosal surface

e Immune regulation is mainly performed
by a special class of professional antigen
presenting cells, dendritic cells (DC)

e Depending on external influences in the
tissue (cytokine milieu, microbes, cell
wounding, etc.), the function of DC is
biased and leads to the stimulation of
different types of T-helper (Th) cells that
govern different directions of immune
response by differential patterns of secreted
immunomodulatory mediators (cytokines)

e Thi-lymphocytes maintain inflammatory
defence, Th2 cells stimulate the mainly anti-
inflammatory immunoglobulin production
and Th3 (or regulatory T cells) act immuno-
suppressively

6.3
Dry Eye Disease

6.3.1
Introduction

Recent findings have shown that dry eye disease
(keratoconjunctivitis sicca, KCS), similar to oth-
er types of ocular surface disease, frequently
contains an inflammatory component. This is
regulated by immune modulators (e.g. cy-
tokines and chemokines), can affect other parts
of the integrating functional anatomy of the
ocular surface [27] and eventually leads to a
vicious circle of degenerative remodelling of the
ocular surface. In other mucosal organs of the
body it was shown that inflammatory mucosal
disease is initiated by destruction of the surface
epithelium which allows uncontrolled influx
of antigens and leads to a deregulation of the
cells of the mucosal immune system. This
is characterized by a shift of the effector T
cells in the direction of Th1. The main aspects of
this pathogenesis have also been verified at the
ocular surface in dry eye. Consequently, im-
munosuppressive therapy has proven to be ef-
fective in moderate to severe cases of dry eye
disease.

6.3.2
Epidemiology, Definition
and Characteristics of Dry Eye

Dry eye disease is a widespread disruption of
the normal homeostasis of the ocular surface
that affects, depending on the tests applied for
diagnosis in various studies, up to 10-30% of
the population [56]. It is not homogeneously
distributed in the population but more likely
affects elderly people and preferentially women,
which may point to certain risk factors such as
age or hormonal status. It is caused, according
to a definition of the American National Eye In-
stitute (NEI) [30], by an alteration of the tear
film either due to aqueous deficiency or to in-
creased evaporation. This condition leads to a
disruption of the cellular and morphological in-
tegrity of the ocular surface and eventually
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Fig.6.5. Clinical photo of severe dry eye disease. A
severe dry eye shows dryness of the ocular surface
with epithelial staining (if different kinds of vital
stains such as fluorescein or rose bengal are applied).
The corneal reflex is disturbed and the transparency
of the cornea is decreasing. The eye is severely in-
flamed and shows neovascularization with new ves-
sels that grow from the limbus onto the cornea

causes the symptoms that are presented to the
ophthalmologist [48]. Symptoms can range over
a wide spectrum from mild discomfort and in-
creased fatigue of the eye to redness, itching,
burning and stinging sensations (Fig. 6.5).It can
be associated with usually minor alterations of
visual acuity but may in severe cases lead to
severe inflammation, scarring and blinding.

The dry eye syndrome appears as a complex
deregulation of the functional anatomy of the
ocular surface [27] and deficiencies of the tear
film can originate, for example, from alterations
of the lid shape, blinking mechanism or inner-
vation, from alterations of the endocrine net-
work, from the presence of meibomian gland
disease or from chronic mechanical irritation of
any kind (e.g. contact lenses).

In recent years evidence has accumulated
from intensive investigations that various forms
of dry eye disease are associated with inflam-
matory alterations [41, 48, 58] of the ocular sur-
face and appendage that are associated with
inflammatory factors inside the tissue and tear
film.

6.3.2.1
Lacrimal Gland Contribution
to Dry Eye Disease - Sjogren’s Syndrome

The lacrimal gland is an associated gland of the
ocular surface that functionally and embryolog-
ically constitutes an integral part of the ocular
surface. Similarly, from the viewpoint of mucos-
al immunology, it is an integral part of the ocu-
lar mucosal immune system (EALT) [23] togeth-
er with the conjunctiva-associated lymphoid
tissue (CALT) and the lacrimal drainage-associ-
ated lymphoid tissue (LDALT). It contains simi-
lar cell populations of T- and B-lymphocytes
and DC [64].

T-cell-mediated inflammatory alterations of
the lacrimal gland have been known for a long
time; they appear to be associated with an im-
pairment of the innervation that triggers the
final release of aqueous secretion, and Sjogren’s
syndrome is a major cause for tear deficiency
[7]. Alterations of B-lymphocytes are also de-
scribed in Sjogren’s syndrome. The aetiology of
the disease is unknown, but it may originate
from activation of the acinar epithelial cells due
to viral infection by Epstein-Barr [52] or other
viruses which stimulate a production of inflam-
matory cytokines and can lead to presentation
of epithelial autoantigens by upregulated MHC-
class-IT and ICAM-1 production and expression
at the epithelial surface. A number of respective
autoantigens are characteristic for Sjogren’s
syndrome and can be used to support the diag-
nosis (e.g. SS-A, SS-B, a- and B-fodrin, M3 re-
ceptor). A distinct repertoire of antigen recep-
tors was found on T and B cells in Sjogren’s
patients. This can lead to a breakdown of the
physiological peripheral self-tolerance and re-
sults in an activation of lymphocytes that carry
receptors for self antigens and happen to have
escaped the central tolerance mechanisms in
primary lymphoid tissues. An accumulation of
mainly CD4+ T-helper cells, DC and smaller
amounts of B cells in the salivary and lacrimal
glands has been reported [46]. This results in
the destruction of acinar epithelial tissue by
binding of the self-intolerant cytotoxic T cells to
acinar cells and lymphocyte induction of acinar
apoptosis via release of cytotoxic molecules.
The lymphocytes, and to a certain extent also
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epithelial cells, produce a large amount of main-
ly inflammatory Thi-type cytokines (IL-2, IL-6,
IFN-y, TNF-at). Th2 cytokines (IL-4, IL-5,IL-10)
are produced in smaller amounts and prefer-
ably in areas of occasional B-cell accumulations
[43]. The presence of inflammatory cytokines
induces a further influx of more lymphocytic
cells by upregulation of adhesion molecules on
glandular vessels and leads to an activation of
stromal cells with release of matrix metallopro-
teinases that cause a degenerative remodelling
of the extracellular matrix around the epithelial
acini.

Since only about half of the secretory acinar
cells are destroyed by this process, it appears
likely that the remaining intact acinar cells are
inhibited from secretion by negative interfer-
ence with innervation [7, 8]. Suggested mecha-
nisms include an observed reduction of density
of innervating nerve fibres, the inhibition of
release of neurotransmitters by inflammatory
cytokines or the blockade of innervation effects
in the epithelial cells by autoantibodies against
their muscarinic M3 receptor [7].

Androgen deficiency is shown as an impor-
tant predisposing factor for the initiation of in-
flammatory reactions as well as alterations of
the secretion of the lacrimal and meibomian
glands resulting in tear deficiency [60].

6.3.2.2
Conjunctival Contribution
to Dry Eye Disease - Non-Sjogren’s Dry Eye

Inflammatory affections in dry eye disease are
not only found in the lacrimal gland. Even in the
clinically inflammation free and primary tear
deficient non-Sjogren’s dry eye an elevation of
inflammatory cytokines (ILia, IL6, IL8, TNFx)
is found in the tear film and inside the tissue of
the conjunctiva [48]. The ability of conjunctival
epithelial cells to release inflammatory cy-
tokines has been reported [12]. This indicates a
shift of the cellular immune response into the
direction of an inflammatory Thi response
similar to the inflammatory affections in the
lacrimal gland and may similarly lead to a de-
struction of the epithelium and the underlying
extracellular matrix [48, 58]. The primary affec-
tion seems to lie in the epithelial cells, similarly

to the lacrimal gland, but also in the conjuncti-
va an upregulation of inflaimmatory markers
that indicate an activation of the mucosal lym-
phocytes was recently described [59].

Protective factors such as growth factors
(EGFE, HGF) that are responsible for the proli-
feration but even more for the mature differen-
tiation of the tissue may at the same time be
downregulated [48]. Consequently in dry eye
syndromes a hyperproliferation of the conjunc-
tival epithelium is observed combined with im-
paired differentiation. This is conceivably driv-
en by the presence of inflammatory cytokines
and the relative inhibition of cell differentiation
is due to diminished growth factors. The con-
junctival epithelium in dry eye shows an imma-
ture phenotype of the apical cells with a basal
cell type cytokeratin pattern and an absence of
integral epithelial surface mucins [48, 49],
which in turn diminishes the adherence of the
tear film to the ocular surface and hence
reduces the tear film stability.

Elevated inflammatory cytokines further in-
duce an upregulation of proteases (matrix met-
alloproteinases) in the tissue and tearfilm,
which indicates additional degenerative remod-
elling of the connective tissue of the mucosal
lamina propria at the ocular surface [13, 31, 36].
Inflammatory cytokines can also impair ocular
surface innervation in the sense that they inhib-
it sensory information about ocular dryness to
reach the central nervous system in order to
elicit efferent secretomotor impulses in glandu-
lar tissue. The neural reflex arc is thereby inter-
rupted, leading to a further decrease of secre-
tion and potentially inducing neurogenic
inflammation of the lacrimal gland also in pri-
mary non-Sjogren’s dry eyes [58].

6.3.2.3
Common Mechanisms
in Immune Mediated Dry Eye Disease

The starting point of immune mediated inflam-
mation in the conjunctiva, similar to events in
the lacrimal gland in Sjogren’s syndrome, may
lie in an alteration of the epithelial cells. In the
case of the conjunctiva, this is caused by de-
structions that are observed in all kinds of dry
eye due to mechanical abrasion via increased
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Fig.6.6. Common mechanisms in immune mediat-
ed dry eye disease. Different types of dry eye disease
share an immune modulated inflammatory process
that can similarly occur in the lacrimal gland (e.g. in
Sjogren’s syndrome) and at the ocular surface. It ap-
pears to start from epithelial defects resulting in a loss
of immunological tolerance. Epithelial cells produce
inflammatory cytokines (e.g. TNF-a, IL-1, IL-6, IFN-
y), upregulate MHC class IT and co-stimulatory mole-
cules on their surface and allow uncontrolled antigen
(AG) influx through defects. Together this leads to an
uncontrolled activation of normal resident mucosal T
cells into the inflammatory Thi type that also pro-

friction of the eyelids on the ocular surface
(Fig. 6.6). In addition, cell damage can also be
caused by hyperosmolarity of the tear film [14].
In the case of the lacrimal gland, epithelial alter-
ations may arise after viral infection [52].

If alteration of the epithelial barrier occurs
due to such damage, antigens can achieve un-
controlled access to the tissue, which may be the
dominating effect in the conjunctiva; or epithe-
lial cells gain the ability to present autoantigens
as observed in the lacrimal gland. In both affec-
tions the mucosal immune tolerance is likely to
fail. Resident T-helper cells of the physiological
mucosal immune system in the subepithelial
connective tissue can then be activated and im-
munological reactions shifted towards inflam-
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duces inflammatory cytokines and hence amplifies
the inflammatory cytokine milieu in the tissue. Fur-
ther events include an impairment of innervation
with a decrease of glandular secretion, and an activa-
tion of matrix metalloproteinases that results in a de-
generative remodelling of the tissue with loss of func-
tion (e.g. destruction of secretory acini in the
lacrimal gland or squamous metaplasia in the con-
junctiva) and the risk of further epithelial defects.
The events involved here can hence result in a vicious
circle of tissue destruction (solid arrows indicate pro-
duction of molecules; interrupted arrows indicate ac-
tion of molecules or movement of cells)

mation [59], resulting in the further elevation of
proinflammatory cytokines. Additional new T-
cell can immigrated via an upregulation of ad-
hesion molecule on the vascular endothelium.
Similar events have been shown in inflammato-
ry bowel disease (IBD) [34], which represents an
inflammatory mucosal condition of the intes-
tine where a large body of information is al-
ready acquired. At the ocular surface, the pro-
duction of these cytokines is as yet mainly
attributed to the epithelial cells. This may be due
to the fact that the presence of a resident popu-
lation of lymphocytes and plasma cells consti-
tuting a physiologic mucosal immune system at
the normal ocular surface (EALT) was unknown
until recently because lymphoid cells in general
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were erroneously believed to be “inflammato-
ry”. However, in the intestine where the pres-
ence of a physiologic mucosal immune system
has been accepted for a longer time, it has been
verified that TNFa and IL-1p are also secreted
by activated lamina propria lymphocytes pro-
moting an inflammatory reaction and resulting
in the production of matrix metalloproteinases
by stromal cells [34]. A shift of the cytokine pro-
file towards a TH-1 response has been reported
in several inflammatory ocular surface diseases,
as similarly found in IBD, and both disorders
are reported to respond to immunosuppressive
treatment.

6.3.3
Novel Therapeutic Approaches
to Dry Eye Disease

Combining these results, it can be noted that the
widespread dry eye syndrome is increasingly
being recognized to include an inflammatory
component [47,59] and it thus resembles disor-
ders in other mucosal organs which are gov-
erned by lymphocytes of the mucosal immune
system [34]. Hence, the resident lymphatic pop-
ulation localized in the eye-associated lym-
phoid tissue of the ocular surface (EALT), which
represents a potent source of professional cyto-
kine producing cells, may also act as an impor-
tant regulator of inflammatory ocular surface
disease. Consequently the activation of T cells,
which can be inhibited by different immuno-
suppressive strategies, is an interesting target
for new therapeutic approaches [47].

Some compounds that interfere with the
process of lymphocyte activation (Fig. 6.4), and
hence act more specifically than for example
glucocorticoids, are known from immunosup-
pression after transplantation of solid organs
where they are administered systemically. An
important step in lymphocyte activation is the
production of IL-2 in T cells that is necessary for
full activation. Cyclosporin A (CsA), like anoth-
er agent (tacrolimus also known as FKs506),
prevents the transcription of the IL-2 gene by
binding to the transcription factor calcineurin.
Another compound, rapamycin, acts later in the
activation cascade and blocks IL-2 peptide after

production in the lymphocytes. Therefore CsA
or FK506 can act synergistically in combination
with rapamycin.

In inflammatory ocular surface disease,
topical administration of immunosuppressive
drugs has been attempted in order to achieve a
high local concentration and to avoid systemic
side effects. CsA has been the focus of interest in
recent years. A CsA ophthalmic oil-in-water
emulsion that was previously only available for
veterinary use is now also approved for human
therapy and has been tested in multicentre
studies. It proved to be significantly better than
placebo in reducing objective findings (corneal
staining, Schirmer’s test) and subjective symp-
toms when it was applied twice daily over a
period of 3-6 months, with the best results at a
concentration of 0.05% CsA [54].

Other approaches successfully improved the
underlying androgen deficiency, which increas-
es susceptibility to ocular inflammation and
negatively affects the secretion of ocular glands,
with topical androgen therapy in animal [60]
and human trials [65].

Summary for the Clinician

o Different types of dry eye disease all
contain an underlying immune modulated
inflammatory component that is mediated
by a deregulation of the physiological
and normally protective mucosal immune
system

o New causative topical treatment options are
now available for a therapeutic approach
to the immune mediated inflammation in
moderate to severe dry eye disease

e Immunosuppression with CsA 0.05-0.1%
eyedrops, given twice daily for several
months, is an effective treatment as tested
in multicentre studies

e Topical androgen acts as a trophic and
anti-inflammatory factor and normalizes
glandular function. It was successfully
used in animal models and tested in a case
report on a human patient
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6.4
Ocular Allergy

6.4.1
Introduction

Allergy is characterized by an increased sensi-
tivity against external factors that act as aller-
gens and usually reach the ocular surface
through the air. Characteristic is an IgE mediat-
ed degranulation of mast cells which leads to
inflammatory events characterized by vasodi-
latation, edema and itching. Allergy is a hyper-
sensitivity reaction and occurs in different
forms. Seasonal and perennial allergic disease
(SAC and PAC) are acute forms whereas vernal
and atopic keratoconjunctivitis (VKC and AKC)
are more severe and chronic. An iatrogenic
form, giant papillary conjunctivitis (GPC), is
caused by the introduction of artificial materi-
als such as contact lenses or ocular prostheses
onto the ocular surface.

Allergic eye disease shows signs of inflam-
mation and appears to be modulated, apart
from mast cells, by other inflammatory cells,
such as eosinophils, and by T-lymphocytes. In
contrast to inflammation in dry eye disease, ef-
fector T cells in allergy show a bias in the direc-
tion of either a Th2 or a Th1 immune answer,
depending on the subtype of allergy. The mast
cells and eosinophils can also produce both
types of cytokines. Apart from substances that
prevent the release or action of bioactive medi-
ators from mast cells, a modulation of the mu-
cosal immune system in the sense of application
of antibodies or antimetabolites that interfere
with cell migration, antigen presentation or
T-cell activation has proven helpful in treating
ocular allergy.

6.4.2
Epidemiology, Definition
and Characteristics of Allergic Eye Disease

Ocular allergy is a widespread inflammatory
process at the ocular surface that affects about
15-30% of the population, with a higher inci-
dence in industrialized countries. It is caused by

Fig.6.7. Clinical photo of allergic eye disease. Acute
allergic eye disease, as seen here, shows a distinct
edema and hyperaemia of the conjunctiva due to de-
granulation of conjunctival mast cells with release of
vasoactive substances (e.g. histamine). The cornea
usually remains clear in acute allergic eye disease,and
there is no ingrowth of vessels from the limbus.
Chronic allergic eye disease, however, includes pro-
duction of inflammatory cytokines and matrix metal-
loproteinases together with an inflammatory cell in-
filtrate. This causes a keratoconjunctivitis with
corneal destruction and the beginning of impairment
of vision

an inappropriate reaction to external allergens
that are able to crosslink IgE bound to the high
affinity IgE receptor on mast cells. It leads to the
release of bioactive substances from the mast
cells and other cells and results in edema
and inflammatory leukocyte infiltration [20, 57]
(Fig. 6.7). Since the access of external antigens
to intraconjunctival mast cells is normally pre-
vented by an intact epithelial barrier at the
healthy ocular surface, it has been assumed that
patients suffering from allergic eye disease may
have an underlying impairment of the epithelial
integrity, and a respective increased uptake of
fluorescein was found in patients [66].

6.4.2.1
Mast Cells

Mast cells are mesenchymal cells that occur in
the connective tissue of most organs and serve
as host defence [62]. They have a varying shape
that is influenced by the tissue microenviron-
ment but generally shows prominent granules
inside the cytoplasm on histological and elec-
tron microscopic examination. The granules
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contain preformed bioactive agents, e.g. hista-
mine and the enzymes tryptase and/or chymase.
According to the content of tryptase and/or chy-
mase, mast cells are divided into a connective
tissue type containing tryptase and chymase
(Mrc) and a mucosal type that contains only
tryptase (Mry). In the normal human conjuncti-
va mast cells only occur in the lamina propria
and their majority (95%) are positive for
tryptase and chymase. In allergic eye disease the
number of My mast cells increases and they can
occur inside the epithelium and tear film [39].
They produce further signalling molecules such
as cytokines [10] of the Th1 and Th2 type that
act in an immune modulatory way on various
cell types including leukocytes and epithelial
cells and influence the course of ocular allergy.

6.4.2.2
Allergic Edema is Caused
by Vasoactive Substances

The initial reaction of mast cells upon IgE medi-
ated stimulation is the degranulation of the pre-
formed substances like histamine, tryptase and
chymase that leads to dilatation and increased
permeability of vessels and results in connec-
tive tissue edema (Fig. 6.8). Cytokines of the
Th2 type (IL-4, IL-5) and of the inflammatory
Th1 type (IL-6, TNF-a) are also produced by
mast cells and released as an answer to stimula-
tion. Other secondary agents (e.g. leukotrienes,
prostaglandins) are produced within several
hours after stimulation [62]. Together these me-
diators initiate an inflammatory cascade the
next step of which is the recruitment of inflam-
matory leukocytes (eosinophilic and basophilic
granulocytes) and of T-lymphocytes into the
edematous area.

6.4.2.3
Inflammatory Cytokines Induce
a Leukocyte Infiltrate

The leukocyte immigration is mediated by
chemoattractants such as the leukotrienes re-
leased from mast cells but also by chemotactic
cytokines (chemokines) produced in epithelial
cells and stromal fibroblasts after stimulation
by mast cell cytokines, namely by the inflamma-

tory cytokine TNF-a. TNF-a also initiates an
upregulation of the cell adhesion molecule
ICAM-1 on vascular endothelial cells and on ep-
ithelial cells. VCAM-1 and E-selectin were also
found to be inflammation dependent and
strongly expressed under allergic conditions
[1].

Together this increases the local adhesion of
intravascular leukocytes to endothelial cells and
their immigration into the tissue as well as their
chemotactic migration within the lamina pro-
pria and later adhesion inside the epithelium.
Stromal fibroblasts activated by inflammatory
cytokines appear to produce the chemokine
eotaxin, which acts chemotactically on eosino-
phils and attracts them to the tissue.

After TNF-a stimulation epithelial cells pro-
duce a variety of chemokines (MCP, MIP-1,
RANTES, IL-8) [9] that act as chemoattractants
and conceivably regulate the further migration
of immigrated leukocytes from the conjunctival
lamina propria into the epithelium and eventu-
ally into the preocular tear film. Stimulated fi-
broblasts secrete Eotaxin. Mast cell derived
TNF-a also leads to production of inflammato-
ry cytokines and chemokines (IL-6, IL-8, TNF-
o, GM-CSF), which are detected in the tissue
and tear film, by epithelial cells and eosinophils
[12]. Epithelial cells therefore reinforce the in-
flammatory pathomechanism and become an
active player in allergic eye disease [17].

6.4.2.4
Activation of T-Lymphocytes
by Cytokines

TNF-a upregulates ICAM-1, which is known to
be an important factor in lymphocyte adhesion
and can provide co-stimulation during their ac-
tivation, not only on endothelial and epithelial
cells but also on eosinophils. The activated lym-
phocytes and other cell types in turn produce
further cytokines. Thereby mast cell derived
cytokines interrelate the innate immune re-
sponse with a specific T-cell-mediated immune
answer. Since it is shown that the conjunctiva
contains a population of resident lymphocytes
[28] that belong to the physiological mucosal
immune system, an activation of lymphocytes is
possible without the previous necessity of lym-
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Fig.6.8. Pathophysiological events in allergic eye
disease. Allergic eye disease is an inflammatory
process that starts with the activation of mast cells
(mc) by allergens crosslinking IgE bound to the high
affinity IgE receptor on mc. This initially leads to de-
granulation of mc with release of vasoactive sub-
stances resulting in vascular exudation and edema. In
the chronic forms this is accompanied by a release of
Th1 and Th2 cytokines by mc. These cytokines acti-
vate several other cell types such as (counterclock-
wise in the figure) stromal fibroblasts, vascular
endothelial cells, eosinophils (eos), conjunctival
epithelial cells (ec), dendritic cells (dc) and lympho-
cytes (Ic). The activated cells in turn produce further
mediators that reinforce the inflammatory process.
Activated cells produce adhesion molecules (dendri-
form lines) like ICAM-1, VCAM-1, E-selectin and
chemokines (small circles) and/or their receptors
(dendriform lines and excavated squares) that allow

phocyte immigration. If the inflammation
process proceeds, an additional influx of lym-
phatic cells into the conjunctival tissue conceiv-
ably occurs. Besides the usual process of antigen
presentation via DC, epithelial cells that have
upregulated MHC-class-II and co-stimulatory
ICAM-1 may be able to present antigens to T
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binding and directed migration of cells. Endothelial
adhesion molecules permit vascular arrest of leuko-
cytes [eosinophils, neutrophils (neutro) and lympho-
cytes] and their immigration from the vessels into the
tissue leading to the characteristic inflammatory cell
infiltrate. Secreted chemokines produced by fibrob-
lasts (e.g. eotaxin) and by the epithelium and
eosinophils (e.g. MCP, MIP-1, RANTES, IL-8) guide
the immigrated leukocytes with respective upregulat-
ed cell surface receptors into the lamina propria (Ip)
and from there into the epithelium (e) and tear film
(trf). Upregulation of co-stimulatory molecules like
ICAM-1, CD80/86, CD40 and the antigen presenting
molecule MHC class II enables epithelial cells to po-
tentially present antigens to T cells resulting in un-
controlled immune reactions (solid arrows indicate
production of molecules, interrupted arrows indicate
action of molecules or movement of cells)

cells and reinforce the inflammatory process
[17]. Investigation of T-lymphocyte cytokines in
allergic ocular disease surprisingly showed that
Th2-like cytokines prevail in some types such as
VKC and partially GPC whereas AKC appears to
have a predominant Thi response [38]. Th2 cy-
tokines act as stimulators of immunoglobulin
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production by plasma cells and may therefore
be involved in the upregulation of IgE that is ob-
served in allergy. This indicates that inflamma-
tory reactions are not solely mediated by Thi-
type lymphocytes and questions the Th1/Th2
paradigm to some extent.

6.4.3
Course and Therapy Options
in Allergic Ocular Disease

The inflammatory events that occur in allergic
eye disease are moderate in the acute seasonal
and perennial allergic disease, SAC and PAC,
and mainly lead to edema, redness and itching,
whereas the immigration of inflammatory cells
is limited. However, in the more chronic allergic
diseases such as vernal and atopic keratocon-
junctivitis (VKC and AKC) there is a more pro-
nounced immigration of inflammatory cells. In
chronic allergic eye disease but not, or only
weakly, in acute ocular allergy, activated matrix
metalloproteinases occur in the tissue and tear
film and may explain the occurrence of corneal
destruction in the chronic forms. There the in-
flammatory process can lead to scarring and
can have sight threatening complications, espe-
cially in AKC. The giant papillary type GPC
causes tarsal conjunctival thickening and is of
intermediate severity [20, 57].

Due to the multistep cascade with various in-
volved factors from the bioactive content of
mast cell granules to leukocyte immigration
and T-cell-mediated immune processes there
are a number of different therapeutic strategies.
Apart from prevention of mast cell degranula-
tion, the use of antihistamines and potential ap-
plication of blocking antibodies to chemokines
and cytokines is possible [3, 16]. Topical treat-
ment with a 2% CsA solution over a period of
3 months has proven to have beneficial effects
on the chronic AKC by reducing the number
and activation of T cells and their production of
the inflammatory Thi cytokines IL-2 and IFN-y.
Although this treatment had no influence on the
number of conjunctival mast cells and
eosinophils, it is assumed that the immunosup-
pression may still modulate and normalize their
function [16].

Summary for the Clinician

¢ Due to a pathological sensitivity, non-path-
ogenic environmental antigens act as aller-
gens. They crosslink IgE that is bound to
the mast cell through the high affinity IgE
receptor and hence stimulate the cell

o This leads to a release of vasoactive
(e.g. histamine) and immunomodulatory
(e.g. cytokines and chemokines) substances
from mast cells

e Inacute (seasonal and perennial) ocular
allergy the affection is mainly restricted
to a conjunctival edema

e In chronic allergic and vernal keratocon-
junctivitis (AKC and VKC) various inflam-
matory leukocytes (primarily eosinophils)
but also lymphocytes of the mucosal
immune system are activated by mast cell
cytokines. A T-cell-mediated inflammatory
processes arises that is associated with an
inflammatory cell infiltrate and corneal
destruction

¢ In addition to established antihistaminic
therapy options, topical immunosuppres-
sion is effective in chronic allergic eye
disease

o Two percent CsA eyedrops given over a
period of 3 months improve objective
findings (corneal destruction) and subjec-
tive symptoms in patients with severe AKC

6.5
Keratoplasty

6.5.1
Introduction

Keratoplasty,as an organ transplantation proce-
dure, is enormously dependent on immunolog-
ical mechanisms. The rejection rate in the oth-
erwise normal and inflammation free ocular
surface is relatively low because the normal
cornea contains no blood vessels, no lympho-
cytes and only relatively few cells that express
MHC class II. Furthermore, the anterior cham-
ber appears to possess an immune privilege.
This anterior chamber associated immune priv-
ilege (ACAID) induce stolerance against anti-
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Fig.6.9. Clinical photo of a penetrating keratoplasty
with the beginning of rejection. The clinical picture of
an eye where a penetrating keratoplasty was per-
formed shows the graft tissue fixed by a continuous su-
ture in the centre of the host cornea. The margin be-
tween donor and host tissue is demarcated by a fine
whitish line. Beginnings of the process of immunolog-
ical transplant rejection are indicated by a haze in the
lower half of the graft tissue and result from swelling of
the stroma due to destruction of the underlying
corneal endothelium that is attacked by the host T cells

gens that are recognized in the anterior cham-
ber of the eye.

In contrast to previous studies it has been
shown in recent years that even the central
cornea contains a large number of DC that are
in a quiescent immature state but may upregu-
late MHC class II and respective antigen presen-
tation capacity as soon as they are stimulated by
the occurrence of antigen and other factors. DC
represent components of the mucosal immune
system and are key modulators of antigen pres-
entation also at the ocular surface. They can, via
the initiation of different types of T-helper cells,
modulate between tolerance or rejection of a
corneal transplant and hence determine the fate
of a corneal graft (Fig. 6.9). Consequently they
also represent an interesting target for future
immunomodulatory therapeutic strategies.

6.5.2
Immunological Characteristics
of Keratoplasty

In order to undergo corneal graft rejection,
three processes have been implicated [50]. The
donor antigen has to be released, recognized

and transported to lymphoid tissue that is pres-
ent in the form of the organized follicular con-
junctival CALT, on the ocular surface itself and
in the draining lymph nodes (afferent arm). Al-
loantigens have to be processed so that a specif-
ic cellular immune response might be generated
(central stage). Finally in the efferent arm cellu-
lar and humoral effector mechanisms are deliv-
ered to the graft and cause its destruction.

6.5.2.1
Antigen Presenting Cells

6.5.2.1.1
Langerhans Cells

With regard to the role of antigen presentation
ocular DC, Langerhans cells (LHC), are consid-
ered as a “key” element of the “afferent” immune
process. These dendritic cells play a dominant
role in processing and presentation of antigens
and carry MHC-class-II antigens that are im-
portant stimulators of T and B cells. The distri-
bution of LHC is compartmentally localized
within specific regions of the ocular surface.
The central cornea is normally devoid of LHC
that are positive of MHC class II, but a number
of stimuli may induce their immigration. How-
ever, recently it has been shown in the mouse
that even the central cornea contains DC in an
immature state and their potential precursors
[15] that can be activated by the presence of
antigens as in corneal transplantation.

6.5.2.1.2
Macrophages

In contrast to LHC that have been extensively
studied, the role of macrophages (Mg) is less
clear. Mg are a heterogeneous cell population
that may exert multiple functions. They regular-
ly occur in the conjunctiva and macrophage-
like cells are also described in the cornea [15].
Beside their phagocytic activity they produce a
number of highly active mediators such as tu-
mour necrosis factor alpha (TNF-a) and nitric
oxide (NO) displaying immunomodulatory
functions. It is of interest that Mg are also pres-
ent intraocularly in high density and provide a
close network together with DC in the anterior
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chamber, in particular the iris [35]. The poten-
tial role of Mg in the process of corneal graft re-
jection has been demonstrated by depletion
studies. Following topical application of clo-
dronate liposomes that selectively eliminate
Mg, a highly significant prolonged survival of
experimental keratoplasty could be observed. It
is very likely that Mg play an as yet underesti-
mated role in the afferent arm of the immune
response following corneal transplantation.

6.5.2.2
Antigen Presentation

Two pathways of antigen presentation, either
“direct” or “indirect”, have been proposed in
alloantigen recognition [55]. Donor APC can
present antigen to host T cells via the direct
pathway, thereby inducing a strong immune
response. The emigration of antigen presenting
dendritic cells with upregulated MHC-class-II
molecules from the donor cornea into the host

Processing

Presentation

tissue has recently been shown in the mouse
model of corneal transplantation [15,32]. On the
other hand, host APC are able to present corneal
alloantigens via the indirect pathway of antigen
presentation. The direct pathway is a specific
feature of the response towards alloantigens,
whereas the indirect pathway represents the
“normal” mechanism for the generation of an
immune response. Even when the indirect path-
way is considered less effective, experimental
studies have shown that it may result in prompt
corneal graft rejection [33].

6.5.2.3
Allograft Rejection
and Immune Modulatory Therapy

The critical role of T cells in allograft rejection
is well established. The prevailing view is that a
specific T-cell response against HLA antigens is
initiated through CD4+ cells. Further potentia-
tion of the reaction then takes place via cyto-

Activation

Tolerance induction

Immunosuppression

i T-cell Inhibition of

Antigen
. blockade receptor ~CD4-MHC I
interaction

antagonism

Fig.6.10. Antigen presentation and potential targets
for immune modulation. Antigen presentation is per-
formed by antigen presenting cells (APC) after intra-
cellular antigen processing. Processed peptides are
loaded on MHC-class-II molecules and presented to
the T-cell receptor (TCR) on naive T-helper cells. CD4
on the T cell acts as an accessory molecule and addi-

tional co-stimulation (e.g. by CD80/86) is necessary
for full activation of the lymphocyte as indicated by
high production of the cytokine IL-2 and its receptor.
The respective involved molecules are important tar-
gets for immunomodulation and immunosuppres-
sion especially after corneal transplantation (indicat-
ed by blue text and arrows for inhibition approaches)
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kine release with activation, proliferation and
differentiation of other lymphocytes. It is obvi-
ous that new methods to prevent allograft rejec-
tion must take place in this early phase of graft
reaction before activation of the T cell. The re-
spective molecules involved in the processing
and presentation of antigens as well as in the
activation of lymphocytes represent promising
targets for immune modulation and immuno-
suppression (Fig.6.10). Much attention has
therefore been paid in particular to the recogni-
tion behaviour of CD4+ cells (T-cell receptor)
and the interaction with the target antigen and
cytokines that are responsible for expansion of
the immune response.

Cells of the physiological mucosal immune
system are involved in the afferent antigen
recognition phase (mainly conjunctival and
corneal dendritic cells) and also in the efferent
effector phase (performed by T cells). Besides
systemic immunosuppression as similarly per-
formed in solid organ transplantation, topical
immunosuppression is possible after kerato-
plasty. In addition to immunosuppression
with CsA or similar agents that suppress T-cell
activation, it is also possible to inhibit mecha-
nisms of antigen presentation (as indicated in
Fig. 6.10) before rejection is initiated, for exam-
ple by immunosuppressive cytokines, antibod-
ies against co-stimulatory molecules (e.g.
CD80/86,CD40) or against accessory molecules
such as CD4. In addition to potential topical
therapy which is possible in keratoplasty, in
contrast to the transplantation of solid organs,
the protective factors can also be applied by a
gene therapeutic approach. In this case the DNA
for the respective product is transfected into
host cells with the help of different kinds of vec-
tors (e.g. liposomes, viruses) and is then pro-
duced directly by the cells of the transplant or
by surrounding tissues [51].

Summary for the Clinician

e Transplant rejection remains the single
most important cause of graft failure
following penetrating keratoplasty

e Local as well as systemic immune processes
are involved in transplant rejection and
may allow development of more specific
preventive and therapeutic options

e CD4+ lymphocytes play an essential role
in the immune response in corneal graft
rejection and are the main target of
immunomodulatory therapy

o The relative importance of CD4+ subtypes
classified as “Th1/Th2” is still a matter of
debate but may allow new immunomodula-
tory strategies, such as gene therapy
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e Immunogenetics is helpful to the clinician
in evaluating patients with uveitis. The
immunogenetics of disease also has
implications for disease pathogenesis and
nosology, which are important for design-
ing both basic science and clinical research

e Human leukocyte antigen (HLA) associa-
tions are particularly strong in birdshot
retinochoroidopathy, tubulointerstitial
nephritis and uveitis syndrome, Vogt-
Koyanagi-Harada disease in Asian popula-
tions, and acute anterior uveitis

¢ Additional, non-HLA genetic associations
have been described and hold promise for
providing insights into disease mechanisms

o Difficulties in studying immunogenetics
in uveitis include the small numbers of
patients and the lack of families with
disease, although some progress is being
made in HLA-B*27 associated uveitis

e Inflammation plays a role in diseases other
than uveitis, including macular degenera-
tion, glaucoma and diabetic retinopathy.
Few immunogenetic studies have been
performed for these diseases

7.1
Introduction

Insights gained from the study of immuno-
genetics play a role in clinical medicine and
promise to provide additional tools for the clini-
cian in the future. In this chapter the immuno-
genetics of ocular inflammatory disease will be
reviewed, and pertinent terminology and con-

cepts that are helpful in reading the literature
will be discussed.

Most studies of the immunogenetics of
uveitis have described human leukocyte anti-
gen (HLA) associations with disease. Some of
the HLA associations with uveitis are spectacu-
larly robust. For example, the association of
HLA-A29 with birdshot retinochoroidopathy is
so compelling that anyone suspected of having
birdshot retinochoroidopathy without that al-
lele should be carefully scrutinized for another
cause of multifocal choroiditis. Immunogenet-
ics will be useful to the ophthalmologist in addi-
tional ways as research progresses. The pres-
ence of a gene may be used to predict an
individual’s risk for development of disease.
The predictive positivity of an allele known to
confer risk for disease in a relative of a patient
with uveitis has not been established, but ongo-
ing research into families with HLA-B*27 asso-
ciated uveitis and birdshot retinochoroidopathy
may provide useful guidelines physicians can
use to advise patients and their families. Re-
search to evaluate whether specific alleles or ge-
nomic markers are useful in predicting re-
sponse to therapy will be particularly important
as we use more biological disease modifying
agents, such as anticytokine antibodies or vac-
cines; predicting the response to these agents
based on the patient’s genetic profile would be
of great clinical utility. Genetic markers also
provide evidence for the appropriate nosology
of diseases or syndromes, which is important
for designing clinical studies.

Understanding the genetics of ocular inflam-
matory disease is useful for gaining insight into
disease processes. It is difficult to explore the
pathogenesis of uveitis in part because tissue is
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Table7.1. HLA and other genetic associations with ocular inflammatory disease

Disease

Birdshot retino-
choroidopathy

Idiopathic
retinal vasculitis

AAU

Behget’s disease

MEWDS

Serpiginous,
APMPPE

Pars planitis

VKH disease

Sympathetic
ophthalmia

TINU syndrome

JRA uveitis

ARN

Toxoplasmosis
POHS

Leprosy (uveitis)
Sjogren’s
syndrome
Stevens-Johnson
Mooren’s ulcer
Ocular cicatricial
pemphigoid
GCA

A29

B44(12) by linkage
disequilibrium
A29

B27
B8 in blacks

B51

B51
B7

DR2/DR15
B51,B8

DRI, DR4 in Mestizos,
DR4 (DRB1*0405)

in Asians.

DQ associations

also reported

DRB1*0405 in Asians,
DRB1*0404
in Caucasians

DRB1*01 (DRB1*0102)
DQA*01,DQB*05

DP2.1 (DPB1*0201)
DR1 protective

DQw7, Bw62, DR4
Bwo62

DRw2
DR2

Shared DQBI reactivity
Bw44

DR17(3), DQ2

B12

DR1, DR4, DQB1*03

MICA may be

by linkage
disequilibrium

MIC, LMP-2,

factor V Leiden, TNF

IL1

IL1,IL6, mannose-
binding lectin, TNF

HLA association Other genetic Comments
associations

Strongest HLA association
with human disease (>96 %
of patients, RR as high as 224)

1/2 to 3/4 of AAU;
ongoing family studies
for other genes

B51 subtypes may vary
in different populations

Weak association, but implies
may be similar processes
May vary in different
populations; similar DR
associations with multiple
sclerosis, optic neuritis

DR associations much
stronger for specific alleles
in Asians than Mestizos

May be similar to VKH disease

DRB1*0102 high RR but DR
associations may be by linkage
disequilibrium with DQ

DR11(5) in one study,
not in a second

DR correlated with severity

DQ3 with CNS involvement,
DQ1 may protect

Associated with subretinal
neovascular membranes

DR4 may be decreased

DRI in rheumatoid ulcers
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Table 7.1. (Continued)

Disease HLA association Other genetic Comments
associations

Graves’ disease DRB1*0301, DRB1*08 CTLA-4
Blau syndrome NOD2 NOD2 polymorphisms not
found in sarcoid uveitis
Diabetic DQB1*0201, 0302 Varies in different study
retinopathy populations and disease
subtypes
B62 Cw4/DR4/DQ4
POAG DRB1*0407, TNF in Chinese
DQB1*0302 in Mestizos

not often available. Indeed, the only eye from a
patient with clearly documented birdshot
retinochoroidopathy to be examined histologi-
cally was published over 20 years after the de-
scription of the disease [25]. Animal models are
helpful, but may not reflect important aspects of
human disease. The strong HLA associations
with uveitis presented in this chapter are a chal-
lenge; until research into the basic mechanisms
of uveitis explains these observations we are
missing what may be critical pieces of the puz-
zle (Table 7.1).

Researchers have begun to evaluate non-
classical HLA genes, genes involved with anti-
gen processing for HLA molecules, cytokine
and chemokine genes, and genes involved in
processes and pathways important in the cell bi-
ology of ocular inflammation. There is an ongo-
ing study based at the University of Oregon ex-
amining genetic markers in families in which
multiple individuals have HLA-B*27 associated
uveitis. It has been difficult to perform genome
based linkage studies because of the relatively
small numbers of patients available for such
studies for many uncommon forms of uveitis,
and more importantly because there are very
few families with multiple members who have
uveitis. As the human genome is better under-
stood and more powerful techniques for doing
such research are developed many of these lim-
itations will be overcome.

7.2
Human Leukocyte Antigens

The study of the genomic contribution to the
immune system was initiated by the description
of immune response genes. The genes involved
in determining whether an animal was a high or
low responder to specific antigens were mapped
to a region that became known as the major his-
tocompatibility complex (MHC) on chromo-
some 6 of the human. Although the MHC con-
tains many genes involved in the immune
system, the gene products primarily responsible
for the immune response became known in the
human as human leukocyte antigens as they
were characterized by evaluating an individual’s
serologic reactivity to allogenic leukocytes.
There are hundreds of allelic variations of HLA
molecules and each individual generally has 12
alleles of the classical HLA genes (three Class I
and three Class II alleles from each parent).
Such heterogeneity allows an individual to pres-
ent a wide range of pathogen-derived peptides
to T cells in order to initiate the adaptive im-
mune response, as well as peptides derived from
self proteins to maintain tolerance and immune
responsiveness. The allelic variation between
individuals protects the population from being
destroyed by a novel pathogen.
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7.2.1
HLA Nomenclature

Historically, an individual’s HLA type was de-
termined serologically, and each new type de-
scribed was given a number, for example HLA-
B*27. A workshop number indicated by a “w”
would be given when the HLA type was in the
process of being established, for example HLA-
DRw4. A subtype would be indicated by a deci-
mal point, for example HLA-A29.1 and HLA-
A29.2. Since the advent of polymerase chain
reaction technology, DNA sequencing and other
techniques to determine HLA genotypes, a dif-
ferent but related nomenclature has been used.
The HLA type, such as HLA-B, is followed by an
asterisk (*), then four to six digits. The first two
digits are often the same as the serologic desig-
nation, and the next two digits represent the
subtype. The remaining two digits are used for
pseudogenes or single base differences when
present. Several groups of serologically defined
HLA types have been reclassified using newer
techniques as well. For example, HLA-B*44 con-
sists of subtypes HLA*B4401 though HLA-
B*4411; HLA*B44 is the genomic equivalent of
HLA-B*44(12). The designation HLA-B*44(12)
indicates that HLA-B*12 and HLA-B*44 in older
reports were different serologic designations of
the products of the same HLA gene (HLA split
products).

7.2.2
Class | HLA

Class I HLA (or Class I MHC; either term can be
used for humans) glycoproteins, and the genes
that code for them, are divided into HLA-A,
HLA-B and HLA-C. Class I molecules are com-
posed of a Class I alpha chain (which deter-
mines whether the molecule is A, B or C) and a
non-covalently bound invariant beta-2 (B2) mi-
croglobulin, coded for on chromosome 15 in hu-
mans. Class I HLA proteins are expressed on the
surface of almost every nucleated cell. Class I
HLA molecules are stable on the cell surface
only as a heterotrimer consisting of a class I al-
pha chain, a B2 microglobulin and a peptide in

the binding cleft. Antigenic peptides bind non-
covalently to a cleft formed by the alpha chain in
Class T HLA molecules. The bound peptide anti-
gens are usually eight to nine amino acids long
and are usually derived from intracellular pro-
teins, although extracellular peptides may also
be presented by Class I molecules. The peptides
that will bind to a given HLA subtype are deter-
mined by the charges, size and orientation of
the amino acids of the peptide and the corre-
sponding binding pocket of the HLA molecule
(this also applies to peptide binding to Class II
HLA molecules). For class I HLA molecules the
amino acid in the second position of the pep-
tide, the “anchor”, is particularly important. For
example, HLA-B*27 is remarkable for prefer-
ring a positively charged arginine in the anchor
position. A major pathway of generating pep-
tides for binding to class I HLA molecules is
through enzymatic cleavage of proteins in the
proteosome and subsequent transport into the
endoplasmic reticulum. Several of the genes for
this pathway are also in the MHC. Class I HLA
molecules and peptide interact with T cell re-
ceptors on CD8+ lymphocytes. Some class I
molecules also interact with NK receptors, and
in this interaction may be altered by the peptide
in the binding cleft.

Class IB molecules, including MHC class I
chain-related (MIC) A and B genes and HLA-E,
also combine with B2 microglobulin but are
considered “non-classical” HLA molecules.
MICA and MICB are less heterogenic than the
classical HLA molecules. The MIC proteins have
variable expression on the cell surface, but may
be upregulated when the cell is under stress
during infection or inflammation. MIC interact
with NK receptors and gamma delta T cells, but
the role of all of these components in ocular in-
flammation is poorly understood. HLA-E mole-
cules present leader sequences from other HLA
molecules, and may be one means by which NK
cells and other components of the immune
response are instructed as to the level of HLA
turnover in a cell.
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7.2.3
Class IIHLA

Class II HLA molecules were serologically de-
fined as HLA-DP, HLA-DQ and HLA-DR. They
are composed of alpha and beta chains, both
coded for by genes in the MHC. The beta chains
are generally more heterogeneic; in fact, in
some cases there is only one HLA alpha chain
for a given Class II HLA type,in which case vari-
ations in the beta chain alone confer differences
in subtypes and peptide binding repertoires.
The class I HLA molecules are normally found
primarily on antigen presenting cells such as
dendritic cells, B cells and macrophages. During
an inflammatory response other cell types may
be induced to express Class Il HLA antigens, in-
cluding retinal pigment epithelial cells and vas-
cular endothelial cells. Unlike class I MHC mol-
ecules, the binding cleft formed by the alpha
and beta chains of Class II MHC molecules is
open at both ends, allowing presentation of pep-
tides containing 12-24 amino acids. The pep-
tides bound to class II molecules are usually de-
rived from proteins found in the extracellular
fluid. The Class II molecules and peptide inter-
act primarily with T-cell receptors on CD4+
lymphocytes.

7.24
HLA Haplotypes
and Linkage Disequilibrium

Because the Class I and Class II HLA genes are
so close on chromosome 6 in the MHC, there
is little likelihood of recombination between
parental chromosomes during meiosis. This re-
sults in linkage disequilibrium, with groups of
HLA genes being consistently inherited togeth-
er. Such a cluster of HLA genes is a “haplotype”.
As a group of genes found on either the mater-
nal or paternal chromosome, a haplotype can
only be determined with certainty by family
studies. Many haplotypes are well described in a
given population, however, and in some cases a
reasonable assumption of the haplotype can be
made from the HLA types found without know-
ing the HLA types of family members. For the

same reason, it is often difficult to determine
whether the HLA type that appears to confer
risk for disease may be no more than a genetic
marker, linked to a more critical gene, either an-
other HLA gene or a non-HLA gene in the MHC.
In addition, more than one HLA type may con-
tribute to disease pathogenesis, further compli-
cating the assessment of the genetic risk con-
ferred by a specific HLA allele. For example,
there is evidence for presentation of HLA-DQ
derived peptide by HLA-DR molecules that con-
fer risk for rheumatoid arthritis [101]. Interest-
ingly, these are the same HLA types associated
with Vogt-Koyanagi-Harada (VKH) disease.

7.2.5
HLA and Disease Pathogenesis

The HLA system has been associated with dis-
ease for over 3o years, but the precise role of
HLA molecules in disease pathogenesis is not
well established [16]. While microbial patho-
gens may play a more direct role than currently
appreciated even in diseases we now consider
due to autoimmunity, it is likely that in many
cases HLA associated uveitis is at least in part
an autoimmune process resulting from loss of
tolerance to self antigens. While a discussion of
the proposed mechanisms of loss of tolerance is
beyond the scope of this chapter, several obser-
vations are pertinent. Despite the known role of
HLA molecules in antigen presentation and the
establishment and maintenance of tolerance
there is no direct evidence that antigen presen-
tation by the HLA molecule is critical to disease
pathogenesis. It may be that presentation of oc-
ular peptides in the thymus plays a role in the
susceptibility to uveitis. In one study that did
suggest that the HLA molecule itself was criti-
cal, a mouse transgenic for HLA-A*2902 devel-
oped posterior uveitis [105]. Recent work has
also highlighted the importance of the kinetics
of HLA glycoprotein [91] as well as the HLA
molecule and peptide in the immune response
[36]. HLA molecules may directly influence dis-
ease pathogenesis by mechanisms other than
antigen presentation. HLA molecules interact
with NK receptors, have been found in soluble
form in the serum, may be taken up with cell
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membranes by cells of the immune system, may
themselves be presented as antigens, and may
function as growth factors.

It is important to keep in mind that no HLA
type is sufficient or necessary for disease. For
example, HLA-A29 is very strongly associated
with birdshot retinochoroidopathy but is also
found in 7% of the Caucasian population; in-
deed patients with lymphomas or sarcoidosis
can be HLA-A29 positive.

Summary for the Clinician

o The role of HLA molecules in presenting
antigens for the adaptive immune response
is well established

e Class I and I HLA molecules have different
roles

e The role of HLA in putative autoimmune
diseases such as uveitis remains unclear

e Some HLA associations may be due to
linkage disequilibrium, and the HLA allele
may act as a genetic marker

e HLA types associated with disease will
often contribute to making the diagnosis
in a patient with uveitis, but do not make
the diagnosis

7.3
HLA Associations
with Ocular Inflammatory Disease

7.3.1
Class | HLA Associations
with Ocular Inflammatory Disease

The association of the HLA-B*27 serotype with
acute anterior uveitis (AAU) was first described
30 years ago. HLA-B*27 is also associated with
ankylosing spondylitis, Reiter’s syndrome, pso-
riatic arthritis, and inflammatory bowel dis-
ease. Multiple studies have confirmed that be-
tween half and two-thirds of individuals with
acute anterior uveitis are HLA-B*27 positive;
and a significant number of patients with AAU
will have a spondyloarthropathy [100]. The rel-
ative risk for developing AAU for an HLA-B*27
positive individual compared to an HLA-B*27
negative individual is about 10. Even though
AAU is the most common form of uveitis in the

community [66],as about 7% of Caucasians are
HLA-B*27 positive, it has been estimated that
only about 1% of HLA-B*27 positive individuals
will develop uveitis. HLA-B*8 was associated
with AAU in African Americans [81].

In other diseases associated with HLA-B*27,
such as ankylosing spondylitis, the presence of
disease in a first-degree family member increas-
es the risk of an individual developing disease,
but this has not been examined for AAU. HLA-
B*27 associated uveitis is not limited to AAU,
and the uveitis may also have different charac-
teristics in patients with different systemic dis-
eases [100], implying a role for other genetic or
environmental risk factors in determining dis-
ease phenotype.

The Class II genes HLA-DRB1*o1io1 and
DQB1*os501 alleles were increased in patients
with ankylosing spondylitis and anterior uveitis
compared to HLA-B*27 positive controls [50].
This is interesting as these are the same Class II
associations with Tubulointerstitial nephritis
and uveitis (TINU) syndrome, which is also
characterized primarily by anterior uveitis. It
may be, however, that the Class II HLA associa-
tions with HLA-B*27 associated uveitis were
due to linkage disequilibrium with the HLA-
B*27 subtypes HLA-B**2704 and HLA-B*2705,
which were most strongly associated with
uveitis [50].

The proteosome is particularly adept at gen-
erating peptides that will bind to the HLA-B*27
molecule. Genes coding for proteins that assist
in processing peptides for presentation by class I
HLA molecules have been examined. Low mo-
lecular weight polypeptide-2 gene polymor-
phisms have been associated with extraspinal
disease, including uveitis [60, 61], although this
has not been found in all studies [37]. Trans-
porter associated with antigen processing gene
polymorphisms in patients with ankylosing
spondylitis were not associated with AAU [49].

The MICA and MICB genes have little poly-
morphism but may play a role in presenting
antigens to gamma delta T cells. This is intrigu-
ing because these T cells are found in the gas-
trointestinal lymphoid tissues and HLA-B*27
disease may be precipitated by mucosal infec-
tions. A strong environmental component does
appear to play a role [55]. The theory of “molec-
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Fig.7.1. Birdshot retinochoroidopathy is strongly
associated with HLA-A29

ular mimicry” is that bacterial antigens at mu-
cosal surfaces may in the context of clinical or
subclinical inflammation result in an immune
response to similar ocular antigens [100]. MICA
alleles were associated with AAU in Japanese
[31] and Caucasian patients [32], but the associ-
ation with MICA genes may be due to linkage
disequilibrium with HLA-B*27.

The association of HLA-A29 with birdshot
retinochoroidopathy is one of the strongest of
any disease with an HLA type (Fig. 7.1). At least
95% of patients with BSR are HLA-A29 positive
with a relative risk estimated to be as high as
224; the sensitivity and specificity of HLA-A29
as a diagnostic test for BSR are over 90% [54].
Interestingly, patients with idiopathic retinal
vasculitis also appear to have an increased
prevalence of HLA-A29, implying that there
may be a spectrum of HLA-A2g associated pos-
terior uveitis [10].

There has been some controversy as to
whether specific HLA subtypes are particularly
associated with disease. Although HLA-29.1 is
less common than HLA-A29.2 in patients with
birdshot retinochoroidopathy, it was also less
common in controls [54]. Although the disease
is rare in Asians and the HLA-A29.1 subtype is
more common in Asians, all subtypes of HLA-
A2g are rare in some Asian populations. Fur-
ther, birdshot retinochoroidopathy is rare in
blacks, but the frequency of HLA-A*2902 sub-
type is similar to Caucasians. It is likely that oth-

er genes are important in the different incidence
of disease in different populations. The amino
acids in these subtypes do not differ in the area
of peptide binding or where the HLA molecule
binds to the T-cell receptor; additional evidence
from the subtype may not be important. At this
point this issue remains unresolved.

The HLA-B*44(12) split product has been as-
sociated with birdshot retinochoroidopathy, but
that is most likely due to linkage disequilibrium
with HLA-A29. No HLA-DR serotype was found
to be associated in the only study to look at this
[83]. Other Class II antigens were not explored
and no one has repeated the study using genet-
ic techniques.

There is evidence provided by a transgenic
animal model that the HLA-A29 molecule itself
is involved in the pathogenesis of birdshot
retinochoroidopathy, rather than genes in link-
age disequilibrium with the HLA-2g allele [105].
Investigators used constructs derived from
complementary HLA-A*2902 DNA to create
transgenic HLA-A29 mice. No regulatory or
other human genomic material was thought to
have been part of the transgene. The transgenic
animals did develop a spontaneous bilateral
posterior uveitis after 6 months of age. The ex-
pression of the HLA-A2g protein in murine cells
was low, and no further studies have been pub-
lished exploring whether the HLA-A29 mole-
cule was acting to present antigenic peptides or
may have played a different role in disease
pathogenesis. Other evidence for a direct role of
the HLA-A29 molecule in birdshot retinochoro-
idopathy includes the presence of CD8+ T cells
in a postmortem specimen from a patient with
birdshot retinochoroidopathy [25], consistent
with the involvement of a class I HLA molecule
in disease pathogenesis.

Behget’s disease is associated with HLA-B*51,
but with a relatively low relative risk of about
five. Researchers have examined the role of
HLA-B*s51 subtypes. Behget’s disease is associat-
ed with HLA-B*51 and HLA-B*s52 alleles [88].
HLA-B*51 has been divided into 21 subtypes.
The HLA-B*s5101 subtype was found in 56 of 57
Japanese patients [72] and 33 of 36 Iranian pa-
tients [74]; however, all 18 Japanese HLA-B*51
positive controls had the HLA-B*5101 allele and
no subtype predominated in the Iranian pa-
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tients compared to controls. HLA-B*5108 as well
as HLA-B*5101 was also found in Greek [73] and
Israeli patients [88]. In Israeli patients HLA-
B*52 was found well as HLA-B*51, and no sub-
type reached statistical significance compared
to controls [73, 88]. These patients comprised
individuals of Jewish and Arab origin; HLA-
B*5101 was more common in patients of Jewish
origin.

Other genes have been associated with Be-
hget’s disease. The MIC genes may be associated
with disease by linkage disequilibrium; studies
have found that using microsatellite markers
the HLA-B region was the strongest candidate
for disease association in Iranian [76], Japanese,
Greek or Italian patients [75]. T-cell prolifera-
tion in response to retinal S antigen and to an
HLA-B derived peptide that is found in HLA-
B*s1 as well as HLA-B*27 (B27PD) was in-
creased in Behget’s disease patients with poste-
rior uveitis compared to patients with Behget’s
disease but no uveitis, patients with anterior
uveitis not associated with Behget’s disease, and
healthy controls [51]. This may have implica-
tions for inducing tolerance as the HLA-B*27PD
has been suggested as a therapeutic agent [109].
Such studies must be interpreted with caution
as reactivity to S antigen is not infrequent in pa-
tients with posterior uveitis. Even if such reac-
tivity is not primary to the pathogenesis of dis-
ease, however, it may be exploited thera-
peutically (a “bystander effect”).

White dot syndromes are a heterogeneous
group of posterior uveitides, although some
overlap between certain entities is apparent. No
HLA association was found with multifocal
choroiditis and uveitis in two small studies [80,
102]. There was evidence for a weak association
for HLA-B*7 with acute posterior multifocal
placoid pigment epitheliopathy and serpiginous
choroiditis, suggesting these white dot syn-
dromes may be related, as has been suggested
on clinical grounds, although again these stud-
ies had small numbers of patients [52, 116].
HLA-B*51 was found to have a relative risk of
about six for MEWDS in another small study
[11], similar to the relative risk for Behget’s dis-
ease.

Summary for the Clinician

e HLA-B*27 is associated with AAU and a
high frequency of spondyloarthropathies

e HLA-A29 is so strongly associated with
birdshot retinochoroidopathy that the
diagnosis should be questioned if the
patient is HLA-A29 negative on repeat test-
ing; patients with other forms of ocular
inflammation may be HLA-A29 positive,
however, and there may occasionally be
patients with birdshot retinochoroidopathy
who are HLA-A29 negative

e Behget’s disease is associated with HLA-
B*s51; the presence of this HLA type pro-
vides additional evidence for the diagnosis
but does not make the diagnosis

e HLA types in some white dot syndromes
provide evidence for shared pathogenesis

7.3.2
Class Il HLA Associations
with Ocular Inflammatory Disease

Pars planitis has been associated with HLA-DR2
split products, in particular HLA-DR15 [86, 92,
107], as well as HLA-B*51 and HLA-B*8 [62],
although not in all studies [33]. Similarly HLA-
DR15 and HLA-DR2 have been associated with
multiple sclerosis and optic neuritis, but also
with differences in different studies and popula-
tions [62,114].

Vogt-Koyanagi-Harada disease is strongly
associated with HLA-DRB1*0405 in Asians [41,
47, 97, 99]. T cells from Asian indi-viduals with
VKH disease have been found to be stimulated
by putative auto-antigens presented on these
molecules [118], implying a direct role for the
HLA-DRB1*0405 molecule. In light of the simi-
larities between sympathetic ophthalmia (SO)
and VKH disease, it is interesting that SO is also
associated with HLA-DR4, and in particular
with HLA-DRB1*0405 in Asians [98] and HLA-
DRB1*0404 in Caucasians [46].

In Mexican Mestizo patients both HLA-DR1
and HLA-DR4 confer risk for disease, however,
and both with a low relative risk (Fig.7.2) [4, 8,
115]. Further, the HLA-DRB1*0405 molecule was
not found more often in patients than controls
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Fig.7.2. Peripheral retina of a Mestizo individual
with Vogt-Koyanagi disease in the chronic phase
showing retinal pigment epithelial changes. This pa-
tient had the HLA-DRB1*0102 allele

[4]. It may be that multiple HLA-DR1 and HLA-
DR4 subtypes can confer risk for VKH disease,
perhaps by binding similar antigenic peptides,
and the specific alleles present in the population
at risk will determine the relative risk of a given
allele. HLA-DQ associations with VKH disease
have also been described [41, 47 97, 99], and it
has been difficult to establish whether these are
due to linkage disequilibrium with either HLA-
DR associated alleles or other, unknown, genes
in the MHG, or if they may play an additional
role in disease pathogenesis as has been sug-
gested for rheumatoid arthritis [12].
Tubulointerstitial nephritis and uveitis syn-
drome is strongly associated with HLA-
DRB1*o01, in particular HLA-DRB1*0102. Both
HLA-DQA*o1 and DQB*o05 were also associated
with TINU syndrome [56]. The relative risk of
HLA-DRB1*0102 was 167.1; however, this was
based on published controls. The relative risk
was around 20 for the other HLA-DRB and
HLA-DRQ associations found. Seventeen of 18
patients were HLA-DQA*o1 positive, with 14
having the HLA-DQA1*o101 allele. Previous re-
ports of HLA types in patients with TINU syn-
drome consisted of smaller numbers of pa-
tients, but the various different HLA-DR types
found were in linkage disequilibrium with the
critical HLA-DQA and HL-DQB alleles found in
this larger study. These findings imply that the

HLA-DQ molecules may be more important
than HLA-DR in conferring risk for TINU syn-
drome. Interestingly, the patients were older in
this larger study than in previous reports [56],
but the similarities in HLA associations imply
that this is a single nosologic entity.

HLA-DRs5 was associated with chronic sys-
temic sarcoidosis, and HLA-DR1 and HLA-DR4
were thought to be protective, but uveitis was
not specifically examined [18, 23]. A recent re-
port implies HLA-B*7 may play a role in chron-
ic sarcoidosis, although again uveitis was not
specifically examined [34].

Juvenile rheumatoid arthritis (JRA) is the
term traditionally used in the United States for
what may be a heterogeneous group of arthri-
tides in children. Arthritis and uveitis associated
with HLA-B*27 can rarely start in childhood, but
the chronic arthritis of children referred to as
JRA is found in HLA-B*27 negative individuals.
The presence of antinuclear antibodies, lack of
positive serology for rheumatoid factor, female
sex, and oligoarticular onset are associated with
increased risk for the development of uveitis. The
highest risk for developing uveitis was associated
with the presence of HLA-DR5 and HLA-DP2.1
and HLA-DPw8 and the lack of HLA-DR1; indi-
viduals without HLA-DR5 and HLA-DP2.1 but
who were positive for HLA-DR1 had the lowest
risk for developing uveitis [27]. It is interesting
that these HLA associations are similar to those
reported in systemic sarcoidosis. HLA-DR5 has
subsequently been redefined and now is classi-
fied as HLA-DR11. HLA-DR11 did not correlate
with prognosis in more recent studies [35,87],but
HLA-DRB1*01 was again thought to be protective
[35]. The HLA-DP associations remain intriguing
as HLA-DPB1*0201 was associated with chronic
anterior uveitis in Greek children with JRA [90].

Summary for the Clinician

e HLA associations with pars planitis vary in
different populations but appear similar to
those for optic neuritis and multiple sclero-
sis, as expected clinically

e HLA-DRB1*0405 is strongly associated
with VKH disease in Asian patients, but not
Mexican Mestizo patients, for whom both
HLA-DR1 and HLA-DR4 confer a low
relative risk
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e HLA-DRB1*o1, HLA-DQA*o1 and DQB*o5
are associated strongly with TINU
syndrome. Diverse populations with TINU
syndrome have a common genetic risk

¢ JRA associated uveitis has HLA-DP
associations that have been replicated
and HLA-DRu is protective

7.3.3
HLA Associations with Ocular Infections

While infections are clearly due to exogenous
agents and therefore an environmental factor
par excellence for ocular inflammatory disease,
it is similarly clear that the host response is
critical in determining disease outcome. An el-
egant animal model of herpes simplex virus
(HSV) stromal keratitis that illustrates this, as
well as the complexities of HLA in disease, has
been reviewed elsewhere [16]. An HSV coat
protein, UL-6, shares a seven amino acid se-
quence with IgG2a. Mice were protected from
stromal keratitis if they had a certain IgG2a al-
lele, IgG2a b. When mice were infected with
HSV, it was thought that a corneal peptide that
cross reacted with the specific IgG2a b allele
and viral UL-6 was “unmasked”; if mice had the
IgG2a b allele they would have developed cen-
tral tolerance and an immune response was not
elicited.

Acute retinal necrosis (ARN) is due to infec-
tion with either herpes zoster or simplex virus-
es. As for other manifestations of disease sec-
ondary to herpes viruses, it is not clear why
some otherwise healthy individuals develop this
devastating infection. In one study in HLA-
DQwy, Bw62 and DR4 was associated with ARN
[38] and in a second study HLA-DR9 was corre-
lated with severity of ARN [64].

Two studies found no HLA association with
toxoplasmosis [85, 82]. There are other studies
that indicate that HLA may be important. Severe
ocular involvement was associated with HLA-
Bwé2 [68], and HLA-DQ3 may be associated
with hydrocephalus secondary to congenital
toxoplasmosis [59] as well as with toxoplasmic
encephalitis in individuals with AIDS [104],
whereas HLA-DQ1 may be protective [103, 104].
In addition, T-cell clones that were HLA-DR re-

stricted were derived from the vitreous of pa-
tients with ocular toxoplasmosis [21].

Presumed ocular histoplasmosis is not asso-
ciated with overt active inflammation clinically,
and loss of vision is most often a result of mac-
ular choroidal neovascular membranes. One
study found that macular damage from macular
choroidal neovascular membranes was associ-
ated with HLA-DRw2 [69].

Uveitis in patients with leprosy was associat-
ed with HLA-DR2,but HLA-DR4 was decreased
in patients with uveitis [43]. In the same study
HLA-BRB1*1501 was also found in increased
frequency in patients with uveitis and HLA-
DRB1*0405 was decreased.

7.3.4
HLA Associations
with External Ocular Inflammation

Class IT HLA genes sharing a DQB1 reactivity
were associated with primary Sjogren’s syn-
drome [44]. Ocular involvement was more com-
mon in patients with Stevens-Johnson syn-
drome if they were HLA-Bw44 positive [77].
Mooren’s ulcer was associated with HLA-
DR17(3) and/or HLA-DQ2 in patients of Asian
or African descent, but the number of patients
was small and comparing to appropriate con-
trols is difficult with a group of individuals with
differing descent [108]. As expected, among a
group of patients with sterile corneal ulcers, in-
dividuals with rheumatoid arthritis were more
likely to be HLA-DR1 positive [26]. This does
imply that corneal ulcers from rheumatoid
arthritis are a separate nosologic entity from
Mooren’s ulcer. HLA-B*12 was more common in
controls than in patients with ocular cicatricial
pemphigoid [78].

7.3.5
HLA Associations with Extraocular Disease

Giant cell arteritis (GCA) has been associated
with HLA-DRB1*04 in most studies, and in
some patient populations with HLA-DR1 geno-
types [29]. In Italian patients, HLA-DQB1*0302
was weakly associated with GCA [94]. While
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these HLA associations are similar to what has
been found in individuals with VKH disease, it
is interesting that, unlike VKH disease, biopsy
proven GCA appears to be uncommon in His-
panics in Southern California [58], implying a
large role for other genetic or environmental
factors. Additional genetic associations have
been found including an IL-6 promoter poly-
morphism [30], mannose-binding lectin alleles
[42] and tumour necrosis factor and IL-1 poly-
morphisms [65], but not intercellular adhesion
molecule-1[6].

Graves’ disease has been associated with
HLA-DRB1*0301 as well as HLA-DRB1*08 in
early onset disease in Caucasians [14, 121], but
not in Taiwanese patients, in whom HLA-
A*o0207 was weakly associated [39]. HLA-DQ
associations were thought to be by linkage dise-
quilibrium [121]. A mouse transgenic for HLA-
DRB1*0301 developed inflammatory thyroid
disease when immunized with a plasmid encod-
ing human thyrotropin receptor [22]. In a re-
view of studies involving genome wide scans in
autoimmune thyroid disease, the author felt the
HLA associations with Graves’ disease most
likely were modulating genes, increasing risk
but not primary to disease pathogenesis [110].
Another gene important in the immune re-
sponse that was implicated was the gene for
CTLA-4 and several other candidate loci were
described [110].

7.4
Non-HLA Genes Associated
with Ocular Inflammatory Disease

The most exciting non-MHC association with
uveitis has been the gene for the nucleotide
oligomerization domain (NOD) 2 protein [93].
Mutations of this protein are found in systemic
diseases associated with uveitis, Crohn’s disease
[40, 84], and Blau syndrome (familial juvenile
systemic granulomatosis, or Jabs disease) [7o0,
112]. A mutation in another domain, the capsase
recruitment domain (CARD) of the same pro-
tein, has been associated with another rare dis-
ease that includes uveitis, NOMID/CINCA
(neonatal-onset multisystem inflammatory dis-
ease/chronic infantile neurologic, cutaneous,

articular syndrome) [3]. This fascinating pro-
tein is involved in the NF-kB and apoptosis
pathways, and so efforts have been made to find
mutations in other inflammatory disease, but
no association was found with either uveitis in
patients with sarcoidosis [63] or Wegener’s
granulomatosis [79].

Another strategy is to look for genes that
may predispose to complications of disease.
Recently Behget’s patients with retinal vascular
occlusive disease were found to have a higher
frequency of factor V Leiden, but not prothrom-
bin gene G20210A mutations [9].

Tumour necrosis factor (TNF) plays a role in
Behcet’s disease and other forms of uveitis. The
TNF inhibitor, infliximab, has been reported to
be successful in treating uveitis in small case se-
ries. The TNF allele TNFB*2 may be associated
with a poor prognosis in ocular Behget’s disease
[111], but a role for TNF polymorphisms in Be-
hget’s disease has not been clearly established.
While one study found TNF-1031C allele to be
independently associated in Caucasians [2], a
second study found no TNF polymorphism to
be associated independently with disease in
Korean patients [53]. Research into whether
TNF polymorphisms or other genomic markers
may predict response to TNF inhibition in sys-
temic inflammatory disease is being actively
pursued. Polymorphisms of the promoter/en-
hancer region of the TNF gene were associated
with uveitis from the human T-cell lym-
photrophic virus (HTLV) type I [96].

Interleukin (IL)-1 polymorphisms have also
been thought to be associated with juvenile
rheumatoid arthritis [67], but not in all studies
[17]. Homozygosity for specific IL-1 polymor-
phisms did appear to increase the risk of Be-
heet’s disease [45]. These studies did not look at
uveitis specifically. Using single nucleotide
polymorphisms a recent study found polymor-
phisms in chemokine genes differed between
men and women with Behc¢et’s disease [15].

Summary for the Clinician

o The recent finding of NOD2 associated with
a rare familial granulomatous disease has
been promising, although so far has not
been found to be associated with other
granulomatous uveitides
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¢ Finding TNF associated polymorphisms
provides hope that further research will
provide a means to predict who will
respond best to specific therapeutic agents

7.5
Other Ocular Diseases

Inflammation is involved in the pathogenesis of
many ocular diseases, not only those thought to
be due to primarily to autoimmunity or infec-
tion. Such diverse entities as dry eye, macular de-
generation [5, 7,89, 95], diabetic retinopathy [24]
and glaucoma [113,119] have been shown to have
an inflammatory component. The prognosis of
patients with choroidal melanoma may also be
in part determined by HLA and other genetic
risk factors, as may be expected by the role of the
immune system in controlling malignancies.

No immunogenic studies of macular degen-
eration have been published, although manipu-
lation of genes involved in the immune re-
sponse has resulted in the development of a
murine model of disease [5].

Despite the putative involvement of T cells
[106], cytokines [19,120], IL-6 [48],and chemo-
kines [13,20] in diabetic eye disease, a consistent
HLA association has not been found. HLA-
DQB1*0201 and HLA-DQB1*0302 were thought
to be associated with severe retinopathy, with
HLA-DR3 and HLA-DR4 being involved by link-
age disequilibrium in one study [1]. HLA-DR3
and HLA-DR4 were not associated with the dia-
betic retinopathy in a more recent study [117],
while an association with HLA-B*62, HLA-Cw4
and HLA-DQ4, and in particular with the HLA-
Cw4/DR4/DQ4 haplotype in patients with type
2 diabetes, was described [71]. These discrepan-
cies are not surprising; multiple environmental
and genetic factors contribute to the develop-
ment of diabetic retinopathy, and different pa-
tient populations have been studied. It may be
that genes related to these other mediators of
inflammation will be found that are more criti-
cal in the inflammatory response in diabetic
retinopathy.

Primary open angle glaucoma was associat-
ed with the HLA-DRB1*0407-DQB1*0302 in
Mexican Mestizos [28]. A TNF gene polymor-

phism was found in Chinese patients with pri-
mary open angle glaucoma [57].

Summary for the Clinician

e Macular degeneration, diabetic retinopathy,
glaucoma and dry eye have an inflammato-
ry component; future research in the
immunogenetics of these diseases may
provide insights into pathogenesis

7.6
Conclusion

Genetic associations are useful for providing
supportive evidence for the diagnosis of specif-
ic entities in the work-up of patients with
uveitis. No specific HLA type makes the diagno-
sis, however. Immunogenetic research has pre-
sented us with the profound challenge of trying
to understand the reasons for the impressive
HLA associations with ocular inflammatory
disease. This would have implications for non-
ocular diseases as well. As our understanding of
the human genome becomes more sophisticat-
ed and our research techniques more robust, we
will be able to evaluate additional genetic con-
tributions to the pathogenesis not only of
uveitis, but other ocular diseases including
macular degeneration, diabetic retinopathy,
glaucoma and intraocular tumours. This will al-
low a better understanding of disease mecha-
nisms and the design of novel therapies.
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Immune Mechanisms in Uveitis

LinGg CHEN, LyNN K. GORDON

e The eye is a site of immune privilege that
results from local structural features, local
expression of soluble immunosuppressive
agents, and cell surface expression of
negative immunoregulators

Despite the bias against active inflamma-
tion,immune mediated disease of the eye
is responsible for significant morbidity and
permanent visual loss in affected patients
Animal uveitis models help identify impor-
tant immune mechanisms that may regu-
late disease in humans

Experimental autoimmune uveitis (EAU)

is induced in genetically susceptible
animal species and is produced by CD4+

T lymphocytes bearing a Th1 phenotype
Cytokines such as interleukin 2 (IL-2),
interleukin 12 (IL-12), and interferon
gamma (IFNy) play central roles

in EAU pathogenesis

Adhesion molecules, such as intercellular
adhesion molecule-1 (ICAM-1) and
P-selectin, are important to leukocyte
migration into the eye in cases of experi-
mental uveitis

Immune pathogenesis in human uveitis
likely results from genetic susceptibility
factors, for example HLA-B*27 and HLA-
A29,in the setting of appropriate proin-
flammatory stimuli

Behcet's disease is associated with neu-
trophil activation, vasculitis,and T-lympho-
cyte-mediated immunity

Evidence supports a role for antigen-specif-
ic T lymphocytes directed against tyrosi-
nase family members in the pathogenesis
of Vogt-Koyanagi-Harada (VKH) syndrome

8.1
Introduction

Immune privilege refers to an anatomical site in
an immunocompetent host in which there is
dampening of the immune response. In com-
parison to conventional sites, immune privilege
confers preferential maintenance of allogeneic
material without eliciting significant rejection
[1]. The eye is a classic example of an immune-
privileged site in which multiple factors, includ-
ing local structural anatomy and tissue specific
gene expression of secreted and cell surface
proteins, are believed to play important roles.
Tissue features that bias against immunolog-
ic reactivity in the eye include (1) blood tissue
barriers formed by tight endothelial cell junc-
tions of the retinal and uveal vasculature, (2)
tight junctions between epithelial cells of retina,
iris and ciliary body, (3) limited afferent deliv-
ery of local antigen to regional lymph nodes,
and (4) an immunosuppressive ocular micro-
environment [1-3]. The immunosuppressive
ocular microenvironment is also maintained
through multiple soluble and cell surface mech-
anisms. Soluble negative immunoregulators
in the aqueous humor include transforming
growth factor-beta (TGF-f), vasoactive intes-
tinal polypeptide (VIP), a-melanocyte stimu-
lating hormone (x-MSH), macrophage migra-
tion inhibitory factor (MIF), and IL-1 receptor
antagonist (IL-1ra). Constitutive expression of
Fas ligand on intraocular cells also contributes
to ocular immune privilege through the promo-
tion of site-specific apoptosis [4]. Anterior
chamber associated immune deviation (ACAID),
characterized by a selective antigen-specific
downregulation of delayed hypersensitivity and
a simultaneous induction of the serum antibod-
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ies, is a well-defined example of ocular immune
privilege that is believed to protect the eye from
deleterious immune responses.

Despite these multiple mechanisms for im-
munologic downregulation, clinically relevant
immune-mediated ocular disease produces sig-
nificant patient morbidity as well of loss of visu-
al function [5]. This chapter reviews both the
current state of animal models used in the study
of intraocular inflammation and selected im-
munologic mechanisms of specific forms of hu-
man uveitis.

8.2
Animal Uveitis Models

Development of animal models of uveitis per-
mits definition of immunopathogenetic mecha-
nisms that are likely relevant to human disease.
These models provide useful tools to help de-
fine basic studies of immune mechanisms in
ocular inflammation and genetic factors predis-
posing to uveitis, and serve as templates for
development of new therapeutic strategies.

8.2.1
Experimental Autoimmune Uveitis (EAU)

EAU is an animal model of posterior uveitis,
which can be induced in genetically susceptible
animal species by immunization with uveito-
genic retinal antigens or by the adoptive trans-
fer of antigen-specific T cells [6]. The EAU
course is characterized by photoreceptor dam-
age, vasculitis, choroiditis and vitritis, serous
retinal detachment and retinal folding. EAU
histopathology strikingly resembles lesions of
ocular sarcoidosis, Vogt-Koyanagi-Harada (VKH)
syndrome, sympathetic ophthalmia, Behget’s
disease, and birdshot retinochoroidopathy, a
group of non-infectious uveitis syndromes in
humans that have a suspected autoimmune
aetiology. EAU also serves as an animal mod-
el for organ-specific, T-lymphocyte-mediated
autoimmunity.

8.2.1.1
Cellular Responses in EAU

Various lines of experimental evidence point to
a central role for T lymphocytes in EAU. Uveito-
genic antigens are classically presented by anti-
gen presenting cells (APCs) to T lymphocytes.
The presentation, in conjunction with MHC and
costimulatory molecules, results in T-cell acti-
vation and, in susceptible animal strains, the
T cells produce tissue-specific disease. Once
stimulated, the activated T lymphocytes traffic
to the target tissue, produce proinflammatory
cytokines, and result in local damage(Fig. 8.1)
[6]. Effector T cells are often characterized as
either T-helper cell type 1 or type 2 (Th1 or Th2)
by their selective patterns of cytokine secretion.
Classically, the Th2 phenotype is observed in al-
lergy or in conferring protection from autoim-
mune diseases whereas the Th1 phenotype has
been linked to numerous autoimmune diseases
[7]. The central role of CD4+ T cell polarized to-
wards Th1 in EAU pathogenesis is confirmed by
adoptive transfer experiments. In these studies,
the tissue specific EAU is transferred to suscep-
tible naive syngeneic recipients by uveitogenic,
antigen-specific CD4+ T lymphocytes. Further-
more, EAU susceptibility was associated with a
high Thi1 effector response, whereas resistance
was associated with a Thi-low response [8]. The
critical role for T cells is also provided by exper-
iments with athymic rats which are resistant to
EAU.

Dynamic changes in lymphocyte subsets are
observed through immunohistopathological
studies of EAU involved eyes [9]. Early stages of
S-Ag induced EAU is associated with an early
T-helper phenotype. In contrast, T-suppressor
cell abundance is very low during the initial
inflammatory phases (less than 20 % of the total
T lymphocytes), but continually increases in the
recovery phase (50-67 % of the total T lympho-
cytes). These changes in the ratios between
T-helper and T-suppressor cells during the dif-
ferent stages of EAU likely reflect the kinetics
and regulation of the inflammatory response in
autoimmune diseases.
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Fig.8.1. Schematic of ocular tissue damage in uveitis

8.2.1.2
Uveitogenic Antigens in EAU

Multiple uveitogenic antigens are identified
which induce EAU in susceptible animal
species. Although the uveitogenicity of these
proteins varies in different species, the ocular
inflammatory disease, as observed both clini-
cally and by histopathology, shares the essential
features.

Retinal Soluble Antigen (S-Ag). S-Ag, the first
purified uveitogenic antigen, is a 48-kDa intra-
cellular protein localized to photoreceptor cells,
and involved in the visual process [10]. Its func-
tion is believed to mediate rhodopsin-catalysed
adenosine triphosphate binding and quench
cyclic guanosine monophosphate phosphodi-
esterase (PDE) activation. It binds to photoacti-
vated phosphorylated rhodopsin, preventing
the transducin-mediated activation of PDE.
Immunization with native S-antigen produces a
severe inflammatory response which results in
the complete destruction of the photoreceptor
cell layer of the retina.

Interphotoreceptor Retinoid-Binding Protein
(IRBP). IRBP is alarge glycolipoprotein found
in the interphotoreceptor matrix between the
neural retina and retinal pigment epithelium.
IRBP, which binds multiple retinoid and fatty
acid ligands, is believed to play a role in retinoid
transport between retinal photoreceptors and
pigment epithelial cells [11]. This protein is
highly uveitogenic in rats, mice and monkeys
and multiple specific peptide fragments are also
capable of inducing disease. In contrast to S-Ag
induced EAU, IRBP immunization is associated
with a more chronic disease with less vitreous
inflammation.

Rhodopsin. Rhodopsin, a membrane protein
of rod photoreceptor cells, is central to the visu-
al pathway. This 40-kDa rod visual pigment and
its less uveitogenic form, opsin, induces EAU in
rats [12]. In high doses, rhodopsin produces a
severe bilateral uveoretinitis which results in
complete elimination of the photoreceptor cells.

Recoverin. Recoverin, a 23-kDa calcium-bind-
ing protein present in vertebrate photoreceptor
cells, is believed to be involved in the termination
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of the phototransduction cascade. It is the target
of antibodies in the cancer-associated retinopa-
thy syndrome [12,13]. Immunization with recov-
erin can induce a severe panuveitis which close-
ly resembles those induced by S-Ag [14]. EAU
can be transferred to naive animals by lympho-
cytes from recoverin-immunized animals.

Phosducin. Phosducin is a 33-kDa phospho-
protein present in retinal photoreceptor cells
which plays an important role in visual photo-
transduction. In high quantities, it is able to
induce EAU, resembling the inflammation in-
duced by S-Ag and recoverin [12].

RPE 65. RPE 65 is a 61-kDa protein, specifical-
ly and abundantly expressed in the retinal pig-
ment epithelium (RPE) and associated with the
microsomal fraction. RPE 65 appears to play an
essential role in vitamin A metabolism. Muta-
tions of RPE 65 were identified to be associated
with Leber congenital amaurosis and retinitis
pigmentosa. Immunization with this antigen in-
duces an acute and severe ocular inflammation
in rat, similar to that induced by the S-Ag [15].

8.2.1.3
Susceptibility to EAU

Genetic association of human uveitis with
histocompatibility antigens, ethnicity, familial
background, or gender suggests a genetic sus-
ceptibility factor. In animal uveitis models, sus-
ceptibility to EAU is strain associated, indicat-
ing an important genetic influence on disease
development. EAU expression in mice or rats re-
quires the presence of both a susceptible MHC
haplotype and a “permissive” genetic back-
ground. Non-MHC genetic influences including
T-cell repertoire, hormonal regulation, cytokine
regulation and mast cell mediators are thought
to play an important role in development of
EAU and determine the immunoresponsive
“permissiveness”. Caspi and coworkers found
that MHC control of susceptibility in H-2k mice
is dependent on the I-A subregion of class II
genes [8]. Their results showed that the pres-
ence of a susceptible I-A subregion (functional
equivalent of the human HLA-DR) was both
necessary and sufficient to permit EAU expres-

sion. These findings might help explain the
complexity of uveitis susceptibility in associa-
tion with specific HLA haplotypes.

8.2.14
Cytokines in EAU

Cells polarized towards a Th1 phenotype secrete
interleukin-2 (IL-2) and interferon-y (IFNYy),
which are thought to be primarily responsible
for cell-mediated inflammatory reactions, de-
layed-type hypersensitivity (DTH), and tissue
injury in autoimmune diseases (Fig. 8.2). In con-
trast, Th2 cells produce IL-4, IL-s5, IL-6, IL-9 and
IL-10 and are efficient promoters of antibody re-
sponses. The imbalance between these two types
of response is considered to be involved in the
pathogenesis of autoimmune disease. Both sus-
ceptible as well as resistant animal strains ini-
tially mount a balanced Tho type response to the
uveitopathogenic antigen [16]. However, EAU
susceptibility is characterized by polarization of
the early Tho response toward Thi in susceptible
strains and Th2 in resistant strains. Since cy-
tokine production may play a critical role in the
mechanism of human uveitis and biologic
agents that interfere with cytokine action are be-
coming available as potential therapeutic agents,
it is important to understand the role of various
Thi1 and Th2 cytokines in pathogenesis of EAU.

IFNy. IFNy is a homodimeric protein pro-
duced by NK cells, CD4+Thi cells, and CD8+
T cells. It is the signature cytokine of the Th1
subset. IFNy promotes the differentiation of
naive CD4+ T cells to the Th1 subset and in-
hibits the proliferation of Th2 cells [17]. IFNy
can also stimulate expression of MHC class I,
MHC class II, and costimulatory molecules on
antigen presenting cells. Elevation of IFNy was
observed in eyes affected by EAU which may be
directly responsible for the observed ocular
overexpression of MHC class II molecules dur-
ing experimental uveitis. Additionally, levels of
IFNy expression following antigenic challenge
are higher in EAU-susceptible as compared to
EAU-resistant species.

Further evidence for the importance of this
molecule in uveitis is provided by studies using
transgenic rats with constitutive overexpression
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of IFNy in the eye [18]. In these transgenic rats
IFNy increases both the severity and accelera-
tion of the onset of experimental autoimmune
uveitis. However, studies using cytokine
deficient mouse strains provide conflicting
evidence for the role of I[FNy in EAU pathogen-
esis. However, studies using IFNy knockout
mice(IFNy-/-) provide evidence for additional
pathogenic pathways in uveitis development.
This mouse strain does not promote the devel-
opment of a Th1 response, yet it may develop
EAU following an appropriate antigenic stimu-
lus. Strong MHC class II expression is apparent
in the eyes of IFNy-/- mice with EAU, indicat-
ing alternative pathways for MHC upregulation.
IFNy-/- mice exhibited an antigen-specific ef-
fector response with upregulation of IL-5, IL-6
and TNF-a in the uveitic eyes. There was no sig-
nificant increase in IL-4 and no upregulation
of inducible nitric oxide synthase (iNOS) in
these studies. Therefore, tissue damage in the
IFNy-/- mice appears to be mediated by a dif-
ferent mechanism than in the wild-type [19].
These seemingly conflicting results in the over-
expressing rat strain and the knockout mouse
strain may indicate distinct roles for IFNy in
immunomodulatory pathways in mice and rats
during uveitis or may simply reflect redundan-
cy of the proinflammatory pathway.

IL-2. IL-2isa growth factor for antigen-stimu-
lated T lymphocytes and is responsible for
T-cell clonal expansion after antigen recogni-
tion. IL-2 is produced by activated CD4+ T lym-
phocytes and, in lesser amounts, by CD8+
T cells. IL-2 production is transient, with peak
secretion occurring about 8-12h after activa-
tion. The IL-2 receptors (IL-2R) consist of three
non-covalently associated proteins: «,  and y.
The o and B chains are involved in cytokine
binding, and  and y chains are involved in sig-
nal transduction. Expression of functional
IL-2R is enhanced by antigen stimulation. In
EAU, upregulation of the IL-2R is observed and
believed to be an important step in the patho-
genesis of disease. Therapeutic use of anti-
bodies against the IL-2R in EAU results in
the decrease of acute ongoing inflammation in
the eye. In addition, use of low dose IL-2 with
small quantities of antigen may enhance the
induction of oral tolerance in the EAU model
[20].

IL-4. IL-4is the major stimulus for the produc-
tion of Ig E antibodies, development of Th2 cells
from naive CD4+ T cells, and functions as an
autocrine growth factor for differentiated Th2
cells. In EAU, an inverse relationship between
IL-4 and IFNYy is observed and it is hypothesized
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that IL-4 may exert a dose-dependent differen-
tial effect on the induction of immune respons-
es and on autoimmunity. Experimentally, ad-
ministration of IL-4 shifts an autoimmune
response towards a non-pathogenic Th2 path-
way [21]. In addition, evidence for a role of IL-4
in suppressing autoimmunity is supported by
increased IL-4 mRNA in orally tolerized mice.

IL-6. In animal models of EIU, conflicting
evidence supports the role of IL-6 as a proin-
flammatory mediator in ocular inflammatory
disease [22, 23]. Upregulation of IL-6 in the
anterior chamber is reported during EIU and
levels of IL-6 positively correspond to cellular
infiltration; however, IL-6 was not sufficient
to induce uveitis and neither did the absence of
IL-6 prevent uveitis induction. Studies of an-
terior chamber-associated immune deviation
(ACAID) demonstrate reduced ACAID after ex-
posure to IL-6 and increased aqueous humor
immunosuppression following IL-6 depletion
[24].

IL-10. IL-10 inhibits activated macrophages
and dendritic cells and is involved in the control
of cell-mediated immunity. IL-10 can inhibit the
production of IL-12,and expression of both cos-
timulatory and MHC class II molecules on
macrophages and dendritic cells. Studies indi-
cate that endogenous expression IL-10 limits
development of EAU and, reciprocally, IL-10-de-
ficient mice are susceptible to EAU [21, 25, 26].
Both IL-4 and IL-10 are required for induction of
protective oral tolerance, providing additional
evidence for the protective role of IL-10 in EAU.

IL-12. IL-12 is a key inducer of cell-mediated
immunity. The principal sources of IL-12 are ac-
tivated mononuclear phagocytes and dendritic
cells. Although IL-12 was originally identified as
an activator of NK cell cytolytic function, one of
its critical actions is to stimulate IFNy produc-
tion by T cells and NK cells and to polarize dif-
ferentiation of CD4+ helper T lymphocytes into
IFNy-producing Thi cells. An elevated level of
IL-12 is observed in the ocular tissues of EAU
animal species, supporting a role for IL-12 in
EAU pathogenesis. Studies to evaluate the role
for endogenous IL-12 were performed using

IL-12 p4o-deficient mice [27]. These mice were
resistant to EAU; however, they were able to de-
velop a Th2 polarized antigen-specific response
to the inciting uveitogenic antigen. In contrast,
EAU developed in these animals after receipt of
syngeneic, antigen-specific cells that had been
incubated with antigen in the presence of IL-12.
These findings support the critical role for IL-12
in the induction phase of EAU and that resist-
ance to EAU may involve the inability to devel-
op a pathogenic Th1 response in response to
antigenic stimuli.

IL-13. IL-13 is a pleiotropic cytokine produced
by Th2 CD4+ T cells. IL-13 inhibits the synthesis
of proinflammatory cytokines IL-1, IL-6, IL-8
and TNF-a, and induces B-cell proliferation, IgE
production, and expression of certain adhesion
molecules on endothelial cells. IL-13 does not
exhibit an autocrine affect and therefore has no
direct action on the T cells. However, by inhibit-
ing the production of IL-12 and IFNy, IL-13 may
indirectly prevent the active development of the
Thi lymphocyte pathway. Use of IL-13 in uveitis
therapy was studied in a monkey model of EAU.
At the onset of EAU in monkey, IL-13 was inject-
ed subcutaneously once a day for 28 days [28].
Dramatic improvement of the inflammatory
signs of uveitis was observed in the IL-13 treat-
ed group as compared to the controls. This
study suggests a potential therapeutic role for
IL-13.

Th1 and Th2 cytokines have been implicated
in pathogenesis, recovery, and resistance of
EAU. Many experimental evidences point to an
important role of a Th1 type response in the
pathogenesis of autoimmune uveitis. However,
the Th2 type response may contribute to the
spontaneous termination of EAU and resistance
to autoimmune response. New approaches for
the immunotherapy of inflammatory autoim-
mune disease are based on the observations in
these experimental systems in which polariza-
tion of the pathogenic Th1 response towards an
immunosuppressive, Th2 response is beneficial
in disease prevention or reduction.
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8.2.1.5
Adhesion Molecules in EAU

Cell adhesion molecules are surface proteins
that mediate cell binding, and expression of
these molecules can promote leukocyte migra-
tion into areas of ocular inflammation [29, 30].
Cell adhesion molecules are divided into three
structural groups; selectins, integrins, and im-
munoglobulin gene superfamily. Selectins ap-
pear to mediate the initial adhesion of inflam-
matory cells to the vascular endothelium,
leading to a rolling of the cells along the vascu-
lar wall. Integrins and members of the immuno-
globulin gene superfamily interact to form a
more firm adherence between the leukocytes
and vascular endothelium, leading to trans-
endothelial immigration of the cells into the in-
flamed tissue. Cell adhesion molecules have
been shown to play a critical role in the patho-
genesis of EAU.

Intercellular adhesion molecule-1 (ICAM-1)
is a member of the immunoglobulin supergene
family and is expressed on the cornea, retinal
pigment epithelium, capillary endothelium of
the iris, ciliary body, choroid, and retinal glial
cells. Lymphocyte function-associated anti-
gen-1 (LFA-1), the counterreceptor for ICAM-1,
is expressed on leukocytes and is involved in
lymphocyte trafficking. An important role of
ICAM-1 and LFA-1 in EAU is suggested by ex-
perimental studies [31, 32]. ICAM-1 is strongly
expressed on the vascular endothelium of cil-
iary body and retina within 7days following
immunization, thus preceding definitive histo-
pathologic evidence of inflammatory cells in
the eye by 4 days. Levels of adhesion molecules
both increase progressively during EAU devel-
opment and correlate with the histologic grade
of ocular inflammation. Localization and up-
regulation of the adhesion molecules ICAM-1
and P-selectin in retinal vein and venules in
EAU may contribute to the specific adhesion of
activated leukocytes in these vessels and subse-
quently the breakdown of the blood-retinal bar-
rier (BRB), promoting intraocular migration of
inflammatory cells. Experimental evidence for a
fundamental role for adhesion molecules in
EAU is suggested by studies using monoclonal
antibodies against cell adhesion molecules. In

vivo treatment with antibodies against ICAM-1
and LFA-1 reduced or prevented disease devel-
opment in both IRBP and S-antigen-induced
EAU models. Mechanistically there is evidence
for EAU inhibition through interference with
immunization and antigen sensitization as well
as inhibition of leukocyte migration into the eye

[31].

8.2.1.6
Mechanisms of Tissue Damage

Histopathologic and immunopathologic stud-
ies indicate that both antigen-specific and non-
specific inflammatory cells penetrate ocular tis-
sue in EAU. T-cell infiltration is the dominant
feature in the posterior segment tissue lesions;
however, the total cellular infiltrate in EAU
varies according to both the species and anti-
gens used. In rats, an acute inflammatory infil-
trate characterized by a prominent early neu-
trophil influx is often observed, whereas a more
chronic, granulomatous inflammation is typi-
cally observed in monkeys and mice. Cell re-
cruitment depends on local production of T-cell
production of lymphokines, which induce ad-
hesion molecules on retinal vascular endotheli-
um and chemoattractants, thus establishing a
chemotactic gradient. Recruited cells then am-
plify this process by contributing their own
products, thus fueling an escalating inflamma-
tory cascade [33]. Central to recruitment of cir-
culating inflammatory cells in EAU is the BRB
[29]. Early in EAU, upregulation of adhesion
molecule expression facilitates the BRB break-
down with resultant leukocyte migration into
the eye. An alternative source of BRB break-
down are mast cell derived mediators, which are
thought to contribute to the pathogenesis of
EAU.

Active oxygen products are believed to play
an important role in the tissue damage ob-
served in EAU. Retinal lipid peroxidation prod-
ucts, measured at various stages of EAU, are
closely related to both the cellular infiltrate and
to retinal tissue damage. Peroxynitrite is ob-
served to concentrate in the photoreceptors but
is also present in some inner retinal areas, in-
cluding ganglion cell layers, nerve fibre layers,
and retinal blood vessels, correlating with the
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local pathologic oxidation [34]. Nitric oxide is
an important mediator of inflammation and
iNOS is found to be strongly expressed by infil-
trating macrophages during the acute inflam-
matory stages of EAU. Experimentally, the criti-
cal role for iNOS in EAU pathogenesis is
suggested by decreased EAU susceptibility after
inhibition of iNOS in rats. However, the iNOS
knockout mice are fully susceptible to EAU, sug-
gesting alternative pathways in disease patho-
genesis [35]. These findings underscore the con-
cept of redundant pathways in mechanisms of
oxidative tissue damage.

Summary for the Clinician

EAU is an animal model of posterior uveitis
Retinal S-Ag and IRBP are the main uveito-
genic antigens in EAU

e EAU expression requires the presence of
both a susceptible MHC haplotype and
a“permissive” genetic background

e CD4+ T-lymphocyte-mediated immune
response play an important role in the
pathogenesis of EAU

o Thi pathway cytokines such as IL-2,1L-12,
and IFNy play central roles in EAU patho-
genesis

e Intraocular infiltration of inflammatory
cells, BRB breakdown, and active oxygen
products are involved in the tissue damage
in EAU

e Determination of relevant immunopatho-
genic mechanisms of EAU may help identify
potential therapeutic targets for treatment
of human uveitis syndromes

8.2.2
Endotoxin-Induced Uveitis (EIU)

EIU, an acute monophasic inflammatory re-
sponse, is induced by the systemic injection of
endotoxin in the rat and mouse, and has been
used as an animal model for the human acute
anterior uveitis. Within 6 h following endotox-
in exposure, an influx of cells and protein is
seen within the aqueous humor. This reaction
increases, achieving a peak at 24 h, with gradual
resolution. Histopathologic analysis reveals a
prominent iridocyclitis, characterized by mac-

rophages, polymorphonuclear cells, and lym-
phocytes near the iris-ciliary body and the vit-
reous body [36]. Recently, a biphasic ocular in-
flammatory response to endotoxin was ob-
served in a C3H/HeN mouse model [37]. In this
model, the first inflammatory wave appears at
day 1, subsides by day 3, and a second inflam-
matory wave is observed beginning on day 5.
The initial influx is characterized by neu-
trophils and sparse macrophages in the poste-
rior vitreous and iris. This is accompanied by a
sharp peak of ocular IL-6 mRNA, serum IL-6
levels, and elevation of the aqueous protein lev-
el. This inflammation resembles an acute form
of human anterior uveitis. The second wave is
characterized by significant macrophage infil-
tration present in the anterior segment, accom-
panied by neutrophils and a few cytotoxic
CD8+ T cells. This is similar to the cellular pro-
file of human subacute anterior uveitis. High
levels of ocular TNF-«, IL-1c, and GM-CSF
message are found in this second wave. The lev-
el of aqueous protein is lower and IL-6 is ab-
sent, indicating that two inflammatory phases
of EIU are mediated by different cytokines and
inflammatory cells.

8.2.3
Experimental Melanin-Protein-Induced
Uveitis (EMIU)

EMIU (previously termed experimental au-
toimmune anterior uveitis) can be effectively
induced by immunization with bovine ocular
melanin protein in Lewis rats. EMIU is a CD4+
T-cell-mediated autoimmune uveitis, resem-
bling non-infectious recurrent iridocyclitis and
choroiditis in humans [38]. The most remark-
able feature of EMIU in contrast to other animal
uveitis models is that it involves the choroid and
iris, but usually spares the retina, thus mimick-
ing relevant forms of human anterior uveitis. At
the onset of EMIU, lymphocytes virtually con-
stitute the predominant infiltrating cells in the
uvea, the anatomic site of melanocytic antigen
expression. Choroiditis is variable and ranges
from mild to moderate; however, the iritis is
typically severe. The typical course of EMIU has
an acute-phase anterior uveitis and choroiditis
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2-3weeks after immunization, and subsides
within 1month. Spontaneous recurrence may
occur in some animals.

8.24

Experimental Autoimmune Pigment
Epithelial Membrane Protein-Induced
Uveitis (EAPU)

EAPU occurs following immunization with
uveitogenic pigment epithelial polypeptide
(PEP)-65, PEP-43, or PEP28/30 isolated from the
microsomal fraction of the RPE cells. The
histopathological pattern of onset and progres-
sion of EAPU differ markedly from EAU and
EMIU. EAPU is mainly characterized by a pig-
ment epithelitis. Accumulation of a massive
number of macrophages is observed along both
sides of the RPE-Bruch’s membrane layer, which
is destroyed by the inflammatory response.
However, inflammatory foci within the neuro-
retina are virtually absent. The immunopatho-
genesis of EAPU appears to be macrophage de-
pendent whereas those in EMIU and EAU are
not. The macrophages can secrete many prod-
ucts that may play multiple roles in non-specif-
icinflammatory reactions and may lead to dam-
age of the normal cellular structures. Effector
molecules produced by activated macrophages
include eicosanoids, reactive oxygen species,
proteinases, IL-1,IL-6, and TNF-a. These agents
are capable of damage to the blood-ocular bar-
rier and attract and activate immunocompetent
cells [39].

8.3
Immune Mechanisms in Human Uveitis

Studies of specific human uveitis syndromes
provide additional support for the complex im-
munopathogenic mechanisms in uveitis. Al-
though multiple significant studies identify
candidate uveitogenic antigens as well as the
cellular and cytokine components of active in-
flammation, this chapter focuses on mecha-
nisms in HLA-associated uveitis and the specif-
ic uveitis syndromes of Behget’s disease and
VKH syndrome.

8.3.1
HLA-Associated Human Uveitis

The major histocompatibility complex, MHC,
produces two major categories of proteins,
called class I and class II and represented in the
human by the HLA antigens. MHC class I mole-
cules, HLA-A, HLA-B, and HLA-C, are ubiqui-
tously expressed in all cells and are responsible
for presenting antigens to CD8+ lymphocytes.
MHC class II molecules, HLA-DR,HLA-DQ, and
HLA-DP, have a limited expression profile and
present antigen to CD4+ T cells. Genetic suscep-
tibility to a variety of immune-mediated dis-
eases is linked to specific HLA alleles.

8.3.1.1
HLA-B*27-Associated Uveitis

HLA-B*27-associated uveitis, typically an acute
anterior uveitis (AAU), is frequently associated
with systemic diseases including ankylosing
spondylitis, reactive arthritis, psoriatic arthri-
tis, and inflammatory bowel disease. Approxi-
mately 50 % of patients with AAU will be HLA-
B*27 positive, which is a predictor of disease
severity. HLA-B*27 consists of 24 subtypes,
which are encoded by 26 different alleles. The
HLA-B*27 subtypes vary in prevalence among
different ethnic populations, and some sub-
types are more highly associated with risk of
eye disease. HLA-B*2705 is definitely associated
with uveitis, and is the most common associat-
ed type in North America. HLA-B*2704 is the
more common subtype in Chinese and Japanese
populations, and is also associated with uveitis.
However, some subtypes, for example HLA-
B*2706 (predominant in Asians) and HLA-
B*2709 (more common in Sardinians), may not
be associated with uveitis. Studies in HLA-B*27
transgenic animals have not supported a role
for HLA-B*27 in susceptibility to infectious
uveitis in a rat model and decreased the inci-
dence of but increased the severity of IRBP-in-
duced uveitis in a mouse strain [40, 41]. Suscep-
tibility to uveitis is complex and likely reflects
the presence of the specific HLA-B*27 subtypes,
in combination with other genetic and environ-
mental factors.
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8.3.1.2
HLA-A29 and Birdshot
Retinochoroidopathy

The strongest association between HLA and
human disease is that of HLA-A29 and birdshot
retinochoriodopath [42]. The HLA-A29 pheno-
type is found in more than 90 % of individuals
with birdshot retinochoroidopathy and sug-
gests a primary and direct role for the HLA-A29
molecule in disease pathogenesis. The sensitivi-
ty and specificity of HLA-A29 phenotype in this
uveitis syndrome have been estimated as high
as 96 % and 93 %, respectively. In support for a
direct role of HLA-A29 and uveitis pathogene-
sis, HLA-A29 transgenic mice developed a spon-
taneous retinopathy, showing a striking resem-
blance to birdshot retinochoriodopathy [43].

8.3.1.3
HLA-B*51

Although the aetiology and pathogenesis of Be-
hget’s disease remains unknown, HLA typing of
affected individuals revealed a strong associa-
tion with HLA-B*51 [44, 45]. HLA-B*51 was de-
tected in 50-80 % of patients with Behget’s dis-
ease in many ethnic populations from the
Middle East to Japan, including Turkish, Greek,
Italian, French, Tunisian, Saudi Arabian, Israeli,
Chinese, Korean, and Japanese, as compared to
its presence in only 10-20 % of unaffected con-
trols. Studies using HLA-B*51 transgenic mice
demonstrate immune dysregulation character-
ized by a heightened neutrophil response with
increased production of superoxide, therefore
supporting a possible role in immune patho-
genesis [46]. However, uveitis and more specifi-
cally the typical lesions observed in Behget’s
disease are not observed in these transgenic an-
imals. It is likely that HLA-51 in combination
with other genetic and environmental factors
may predispose to ocular inflammatory and
systemic autoimmune diseases.

8.3.14

HLA-DQ and HLA-DR Alleles
and Tubulointerstitial Nephritis
and Uveitis Syndrome (TINU)

Although TINU is uncommon, several HLA as-
sociations have been reported [47]. HLA-A24 is
found in 67% of Spanish patients and 75% of
Japanese patients. TINU has also been associat-
ed with specific HLA class Il HLA-DR and -DQ
alleles. In a study of 18 affected patients,
the HLA-DQA1*01/DQB1*o5/DRB1*o1 haplo-
type was found in 13 TINU patients, suggesting
the high association of the HLA-DQA1*o1,
-DQB1*05, and -DRB1*o1 alleles with TINU.
This observation suggests an importance for
HLA class II antigens, expressed in both renal
epithelial cells and inflamed uvea, in autoim-
mune pathogenesis.

8.3.1.5
Immunogenetics
in Vogt-Koyanagi-Harada Syndrome

Strong HLA associations are observed in the
VKH syndrome. In affected Japanese patients,
88% of patients demonstrated the HLA-DR4
antigen, and HLA-B*53 was present in all the
patients [48]. HLA-DRB1*o405 and HLA-
DRws3 are also associated with multiple ethnic
groups.

Summary for the Clinician

e HLA-B*27-associated uveitis has frequent
associations with systemic disease

e HLA-A29 is the strongest association of a
specific HLA with a human disease syn-
drome, birdshot retinochoroidopathy

e HLA-B*s51is strongly linked with Behget’s
disease

e Both HLA class I and HLA class II antigens
may be susceptibility markers for human
inflammatory diseases
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8.3.2
Behcget’s Disease

Behget’s disease is a refractory multisystemic
autoimmune inflammatory disorder character-
ized by recurrent and episodic uveitis, oral ul-
cers, genital ulcerations and skin lesions [45].
The prevalence of ocular involvement in Be-
heet’s disease is high, occurring in 50-70% of
affected men and 20-30% of affected women,
and it is responsible for significant morbidity.
Behget’s disease may produce permanent loss of
vision in up to 20 % of affected individuals [49].
Although the pathogenesis is uncertain, recent
studies suggest a role for neutrophil hyperfunc-
tion, vasculitis with endothelial injuries, and
aberrant T-lymphocyte responses in its patho-
physiology.

The histopathologic appearance in Behget’s
disease is characterized by a non-granuloma-
tous inflammation with perivascular T lympho-
cytes and neutrophil infiltration and upregula-
tion of expression of multiple adhesion mole-
cules. The neutrophil infiltrate is hypersensitive
and believed to be “primed” for inflammation.
There is rapid activation observed to proinflam-
matory signals and increased expression of
proinflammatory cytokines, including TNF-a,
IL-1f and IL-8 [50]. The neutrophil hypersensi-
tivity is believed to result from genetic factors
such as HLA-B*51, which as noted appears to be
associated with intrinsic abnormalities of neu-
trophils [46]. Vascular involvement with accom-
panying thrombosis is a Behget’s disease char-
acteristic that is not typically seen in other
uveitis syndromes [51]. Local expression of
proinflammatory cytokines, increased circulat-
ing immune complexes (CICs), endothelial dys-
function, and an abnormal coagulation system
are important to pathogenesis in the Behget’s
disease-associated vasculitis.

8.3.2.1
Cellular Inmunological Abnormalities

T-cell-mediated immune responses play a cen-
tral role in the pathogenesis of Behget’s disease.
Evidence suggests a decrease in the CD4+
T cells and an increase in CD8+ T cells, there-

fore decreasing the CD4+/CD8+ T cell ratio and
the presence of a suppressor regulatory defect.
Studies of circulating antibodies in patients
with Behget’s disease demonstrate increased
levels of HSP-specific antibodies. T-cell stimula-
tion studies, using multiple different antigens
including heat shock protein (HSP)-derived
peptides, S-antigen, and IRBP, used peripheral
blood lymphocytes from affected patients and
controls [52]. These studies reveal increased T-
cell reactivity against the 6o-kDa HSP, which
has significant homology with the mycobacter-
ial 65-kDa HSP, in a disease subset of patients
with Behget’s disease. This result is intriguing as
it raises the possibility for molecular mimicry,
or an immunologic cross-reaction between hu-
man and microbial HSP, in disease pathogene-
sis.

The autoimmune lymphocytes in patients
with Behget’s disease are reported to be resist-
ant to Fas-mediated apoptosis [53]. Apoptosis of
these inflammatory cells, mediated by the ex-
pression of Fas and FasL, is considered as an im-
portant mechanism leading to prompt rapid
resolution of inflammation in the ocular mi-
croenvironment. Disturbed expression of Fas
and FasL may contribute to T-cell longevity in
Behget’s disease and may play an important role
in the chronic and recurrent intraocular inflam-
mation.

8.3.2.2
Cytokines

It has been hypothesized that polarization to-
wards a Thi-type T-lymphocyte response is in-
volved in the pathogenesis of Behget’s disease
based on observations of upregulated expres-
sion of proinflammatory, Thi-type cytokines.
However, other studies support a role for a Th2
response in Behcet’s disease pathogenesis. In-
creased levels of IL-4, IL-10 and IL-13 are ob-
served in the sera of patients with active Be-
hget’s disease [54, 55]. IFNy, TNF-a, TNF
receptor (TNFR-75), IL-1, IL-2, soluble IL-2 re-
ceptor (sIL-2R), IL-8, and IL-12 are all reported
to be significantly higher in the sera of affected
patients [50]. In addition, a subset of cytokines,
including sIL-2R, IL-8, IL-12 and TNFR-75, may
serve as markers of disease activity [56]. In
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studies of lymphocyte apoptosis, recombinant
IL-12 decreased Fas-induced lymphocyte apop-
tosis and enhanced the proliferation of Thi
T lymphocytes [57]. These findings, both from
in vivo and in vitro studies, suggest that high
IL-12 levels increase both the survival and pro-
liferation of autoreactive Thilymphocytes lead-
ing to disease progression. Exposure of periph-
eral blood lymphocytes to IFNy produced
decreases in IL-4 and IL-10 and an increase in
IL-12, evidence for the Thi1 polarization of the
immune response.

8.3.2.3
Clinical Therapeutic Trials

Clinical trials can provide in vivo evidence for
the importance of specific immunologic mech-
anisms in ocular inflammation diseases. Type I
interferons (IFNea/f), which possess immuno-
modulatory, anti-proliferative, and immuno-
suppressive properties, have been studied in Be-
heet’s disease. Recombinant human interferon
alpha-2a, administered for severe ocular in-
volvement, achieved a rapid clinical response
within 2-4 weeks [58]. Although a successful re-
sponse to therapy was observed in 92% of treat-
ed patients, morbidity of treatment included
depression, flu-like symptoms, alopecia, and
leucopenia. These adverse effects were both
dose dependent and reversible. Other studies
confirmed significant efficacy of interferon al-
pha-2a in severe and refractory Behget’s dis-
ease-associated uveitis [59]. Following intra-
muscular IFNo/p administration, decreased
levels of both intraocular IFNy and IL-10 are
observed, suggesting suppression of both Thi1
and Th2 phenotypes. TNF-« is believed to play
a pivotal role in Th1 T-cell-mediated disease.
Direct use of TNF inhibitors also demonstrates
clinical success in chronic, resistant Behget’s
disease [60]. These clinical studies help support
the role for Th1 T lymphocytes in disease patho-
genesis of Behget’s disease.

Summary for the Clinician

e Behget’s disease is characterized by a
non-granulomatous inflammation with
perivascular T lymphocytes and neutrophil
activation

o T-cell-mediated immune responses play a
central role in the pathogenesis of Behget’s
disease

o Interferon alpha-2a and TNF inhibitors
are two biologic agents that have been used
in clinical therapy for refractory and severe
Behget’s disease

8.3.3
Vogt-Koyanagi-Harada Syndrome

VKH syndrome is a bilateral, granulomatous
panuveitis associated with poliosis, vitiligo, and
alopecia with both central nervous system and
auditory manifestations [61]. This inflammato-
ry syndrome is considered to be a T-cell-medi-
ated autoimmune disorder against a melano-
cytic antigen. Typical histopathological features,
seen in the early phases of VKH, are a granulo-
matous T-cell inflammation that primarily in-
volves the choroid, with similar milder inflam-
matory infiltration in the iris and ciliary body.
The retina is preserved except at sites of Dalen-
Fuchs nodules, aggregations of proliferating
retinal pigment epithelial cells admixed with a
few inflammatory cells. Damage of RPE cells is
detected by fluorescein angiography as multiple
pinpoint areas of leakage at the level of RPE.
Disruption of RPE cells is confirmed through
electron microscopic examination, by showing
Miiller cell processes with attachment to Bruch’s
membrane. Disappearance of choroidal melano-
cytes, phagocytosis of pigment,and lymphocyt-
ic infiltration is also observed [62].
Immunologic studies of ocular VKH syn-
drome show choroidal infiltration of T lympho-
cytes with an increased CD4+/CD8+ ratio in
two cases [63]. Further investigations of T-lym-
phocyte subsets in the aqueous humor and pe-
ripheral blood indicate an increase in the num-
ber of activated memory T cells. Recent studies
have centred largely on T-cell immune respons-
es directed against specific candidate antigens
in VKH patients. The major candidate autoanti-
gens in VKH are from the tyrosinase family pro-
teins, enzymes involved in melanin formation
and specifically expressed in melanocytes. Spe-
cific antigenic stimulation, after exposure to
specific tyrosinase-derived 30-mer peptides,
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has been observed in lymphocytes from affect-
ed patients [64, 65]. Furthermore, T-cell clones
established from patients with VKH syndrome
and stimulated with tyrosinase family peptides
demonstrated a predominately proinflammato-
ry, Thi-type T-cell response. Additional experi-
mental support for the uveitogenicity of these
proteins comes from experiments with Lewis
rats, in which peptide immunization induced
ocular and extraocular changes that highly re-
sembled VKH clinical disease manifestations.
These important findings suggest that tyrosi-
nase family proteins are the important and clin-
ically relevant target antigens in VKH patho-
genesis [65].

Immune responses against other retinal pro-
teins are also reported in patients with VKH.
Circulating antibodies from patients with VKH
syndrome recognize photoreceptor outer seg-
ment, Miiller cells and pigmented melanoma
cells [66]. Studies of peripheral lymphocyte
proliferation indicate that circulating lympho-
cytes in patients with VKH syndrome respond
to S-antigen. These reactivities may reflect a
primary anti-retinal immune response or alter-
natively may reflect a bystander response to
antigens liberated during severe posterior pole
inflammatory disease.

Summary for the Clinician

e VKH syndrome is a granulomatous,
T-cell-mediated inflammation

e HLA-DR4 and HLA-DRws3 have strong
associations with VKH syndrome

e Antigen specific T lymphocytes against
tyrosinase family proteins play a role
in the pathogenesis of VKH syndrome

Complex mechanisms with genetic susceptibil-
ity factors in conjunction with specific anti-
genic exposure in the setting of proinflammato-
ry costimulatory agents result in generation of
intraocular inflammatory disease. Studies that
document specific mechanisms in both human
disease and animal models help define disease
pathogenesis and determine potential targets
for therapeutic interventions.
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The Tip of the Iceberg: Current Knowledge

of Uveitis in Juvenile Arthritis

UWE PLEYER, CLAUDIA SENGLER, NATASA ORLIC, ROLF KEITZER

Core Messages

e Uveitis is a serious extra-articular manifes-
tation of juvenile chronic arthritis (JCA).
Itis a particular challenge because of its
indigenous onset, high complication rate
and risk of being a potentially blinding
disorder at a young age

Screening of children with JCA for uveitis
and identifying confounding factors that
correlate with intraocular inflammation
remains an important task for the reduc-
tion of the risk of severe ocular damage
Whereas gender (girls) and type of arthritis
(oligoarthritis) have been previously sug-
gested as risk factors for uveitis, recent
prospective studies could not confirm this
and indicate the need for refinements in
screening efforts

Genetic factors that play a role in the
susceptibility for uveitis in JCA include:
HLA-DR5, HLA-DP 2.1 and HLA-B*27, where-
as HLA-DR 1 and HLA-DR 4 are negatively
associated with intraocular inflammation

9.1
Introduction

Uveitis remains a disorder that accounts for ap-
proximately 10-15% of blindness. It manifests
predominantly in young adults, and 6-10%
of all patients are children under the age of
16 years [31, 42]. Uveitis in children remains a
particular challenge for physicians because of
the often indigenous nature of intraocular in-
flammation, difficulties in communication with
the patient and the high risks of side effects with

e A variety of autoantigens including antinu-
clear antibodies, anti-histone 3, collagen
type Il and heat shock protein 60 (hsp60)
have been suggested to play a role in
JCA-associated uveitis, but still need to be
confirmed in independent studies
Conditions that are often predictive of poor
outcome due to uveitis include: gender
(boys), early onset of arthritis and short time
interval between onset of arthritis and
uveitis and the severity of intraocular in-
flammation at the first presentation

The role of cytokines in JCA is an active field
of interest. TNF-o, INF-y and their receptors
are significantly elevated in synovial tissue
of children with JCA.New treatment options
directed against these cytokines have been
successfully introduced for arthritis;
however, their value for uveitis is

not yet clear

local and systemic immunomodulating treat-
ment in a developing individual. The spectrum
of disorders associated with intraocular inflam-
mation in children includes almost all entities
that are known in adults; however, there are
noteworthy aspects that differ and need particu-
lar attention. By far the most common cause of
chronic intraocular inflammation in children is
juvenile rheumatoid arthritis (JRA), or juvenile
chronic arthritis (JCA) as it is defined (see be-
low) in Europe. Even when JRA/JCA is a hetero-
geneous disease, uveitis in these children re-
presents a distinctive and enigmatic entity. An
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association of uveitis with juvenile arthritis has
been suspected since the first report by Ohm
[47]; however, it was not firmly established before
1950, when Vesterdal summarized his findings in
34 patients [73]. Since then the association of
arthritis and uveitis in the paediatric population
has been well established and the clinical and
serologic correlates better defined. In addition,
our understanding of the pathogenesis and clin-
ical management has improved. This update fo-
cuses on uveitis in children with JRA/JCA and
discusses the management of its complications.

9.2
Classification of Arthritis

Chronic arthritis in children is a heterogeneous
group of disorders that has been repeatedly clas-
sified. “Juvenile rheumatoid arthritis” (JRA),
which affects up to 120,000 children in the US,
has been defined by the American College of
Rheumatology (ACR) as chronic peripheral
arthritis of at least 6 weeks duration with onset
before the age of 16 years, in the absence of any
other cause [2]. Three subsets of arthritis have
been differentiated: the oligoarticular type ac-
counting for 50-60 % of patients with up to four
joints involved, the polyarticular type (20-30%
of patients) affecting five or more joints and sys-
temic disease characterized by fever, rash, lym-
phadenopathy and splenomegaly.

The European League Against Rheumatism
(EULAR) classification proposed the term “ju-
venile chronic arthritis” that includes systemic
JCA (11%), pauciarticular JCA (50%), rheuma
factor negative polyarticular disease (17%),
juvenile onset seronegative spondyloarthro-
pathies (8 %) [e.g. ankylosing spondylitis (2 %),
Reiter’s syndrome (1%)], and psoriatic arthritis
(7%) and excludes rheuma factor-positive pol-
yarthritis (3%) [27, 69]. For better comparison
these two classifications are summarized in
Table 9.1.

Recently, the International League against
Rheumatism (ILAR) has defined seven sub-
groups of juvenile idiopathic arthritis according
to certain clinical and immunological criteria
[27]. Since most of the studies regarding uveitis
were previously performed in children classi-
fied according to either the ACR or the EULAR
criteria so far, the ILAR criteria are not further
described here.

9.3
Epidemiology

Independent of the different classification sys-
tems (ACR or EULAR) the prevalence and inci-
dence of juvenile arthritis seems not to be sig-
nificantly affected. The prevalence rates of
arthritis range from 100/100,000 to0 220/100,000
and the overall incidence of chronic inflamma-

Table9.1. American and European criteria for the classification of juvenile arthritis

Classification American College European League Against
of Rheumatology (ACR) Rheumatism (EULAR)

Nomenclature JRA JCA

Age at onset (years) <16 <16

Minimal duration of arthritis 6 weeks 3 months

Subtypes Systemic Systemic
Polyarticular Polyarticular
(Oligoarticular) (Oligoarticular)
Pauciarticular Pauciarticular

Positive rheumatoid factor Included as JRA Excluded as JCA

Negative rheumatoid factor Included Included

Spondyloarthropathies Excluded Included

Other diseases excluded Yes Yes
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Table9.2. Features of JRA/JCA according to disease course during the first 6 months

Frequency of cases 50% 20-30% 10%
Number of joints involved <4 >4 Variable
Age at onset Early childhood Throughout Throughout
childhood childhood
Sex ratio (F:M) 5:1 3:1 1:1
Systemic involvement None Moderate Prominent
Chronic anterior uveitis 20% 5% Rare
Rheumatoid factor present Rare 10% Rare
Antinuclear antibody present 75-85% 40-50% 10%

Articular and overall prognosis

Ocular prognosis Variable

Good to excellent

Fair to good Poor to good

Fair Variable

tory arthritis is estimated to be as high as 25 per
100,000/year [4, 30, 32].

The ranges of prevalence and annual inci-
dence of uveitis in JCA are 8-11/100,000 and
1.5-2/100,000 respectively [6, 21, 32, 35].

It is noteworthy that the rate of severe visual
impairment is up to one-third in children with
JRA/JCA and chronic uveitis may end with
blindness in 6-25% of affected children [11, 13].
It is of further interest that the percentage of
children with chronic intraocular inflammation
seems to vary according to the subtype of
JRA/JCA (Table 9.2).

9.4
Pathogenesis

The exact pathogenesis of intraocular inflam-
mation associated with JRA/JCA is not known.
Whereas certain clinical characteristics of chil-
dren with JCA and uveitis can be identified, the
aetiology of the coexistence of ocular and joint
inflammation remains obscure [63]. The sus-
ceptibility to developing juvenile arthritis as an
autoimmune disorder is thought to be influ-
enced by largely unidentified genetic and envi-
ronmental factors.

The role of genetic factors has been intensive-
ly investigated and considered to play an impor-
tant role in the susceptibility for JCA [1]. In ad-
dition, there exists a relationship of HLA anti-

gens for the development of uveitis in children
with JCA (see Sect. 8 below). HLA-DR5 has been
associated with uveitis in JCA children as well as
HLA-DP 2.1 [56, 65]. In contrast, HLA-DR 1 and
HLA-DR 4 have been negatively associated with
intraocular inflammation [32, 40]. It has been
suggested that HLA antigens are directly in-
volved in disease susceptibility [65]. Whether
inciting agents such as infectious organisms
may induce an autoimmune response in a ge-
netically predisposed child is still a matter of
debate. Earlier reports on the detection of bac-
teria could not been confirmed [51, 76].
However, a variety of autoantigens has been
suggested to play a role in children with JCA-
associated uveitis [13, 32]. A high prevalence of
anti-nuclear antibodies has been reported but
their specificity is still not certain [45]. Further-
more the finding of increased anti-histone 3 an-
tibodies is controversial. Interestingly there is a
sequence homology between an 18-amino-acid
peptide of retinal S-antigen and a nuclear his-
tone 3 antigen, and the level of anti-histone 3
antibodies seems to be significantly increased
in children with active JCA-associated uveitis
as compared to other children with intraocular
inflammation [44, 48]. Also heat shock proteins
have been proposed as a target of a pathologic
immune response. Patients with oligoarticular
JCA demonstrated a specific T-cell prolifera-
tion to (self) heat shock protein 60 (hsp6o) and
similar results were found in an animal model
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of experimental induced arthritis [57]. Where-
as all these findings may indicate an abnormal-
ity of the immune regulation in children with
JCA, their significance remains elusive. Also the
assumption of an autoimmune response direct-
ed to targets present in the joints and the eye
could not be further substantiated. Type II col-
lagen, which is present in the joints and aque-
ous humour, was one of the candidate antigens.
Indeed, type II collagen can be used to induce
experimental chronic arthritis in Lewis rats
[50]. However, these animals did not demon-
strate concomitant uveitis. In addition, in chil-
dren with arthritis and uveitis the frequency
of antibodies directed to type II collagen did
not differ from children affected by arthritis
alone.

More recently, the role of cytokines in JCA has
been a broad field of interest. It has been shown
that TNF-a, INF-y and also their receptors are
significantly elevated in synovial tissue of chil-
dren with JCA [25]. As a consequence new treat-
ment options based on these findings have been
developed and are already in clinical practice
(28,38,39].

9.5
Risk Factors for the Development
of Uveitis in JRA

Several clinical and laboratory factors have
been associated with the development of uveitis
in JRA. It has to be kept in mind, however, that
retrospective studies investigating the preva-
lence of uveitis in children with JRA are limited
because of differences in the classification sys-
tems in the past. Although these limitations
need to be borne in mind, several factors in-
cluding gender, type and onset of arthritis and
laboratory findings such as autoantibodies have
been proposed as risk factors of uveitis.

A number of studies indicate that girls are
predominantly affected by uveitis with a preva-
lence of 77-82% of all arthritis patients [6, 8,
49]. However, since girls are far more frequently
affected by JCA than boys, this observation has
to be carefully reevaluated. Indeed, more recent
prospective studies were not able to identify
gender as an independent risk factor [35].

Similarly, the type of arthritis needs also to
be critically reevaluated. It has been suggested
that children with oligoarthritis are more likely
to develop uveitis as compared to children with
polyarthritis or systemic onset of JCA. This
again has to be carefully reconsidered, since
oligoarthritis is the predominant type of arthri-
tis [49]. It also has to be kept in mind that a
number of children initially diagnosed with
oligoarthritis may subsequently develop pol-
yarthritis during their follow-up. Indeed, when
Kotaniemi et al. reclassified children with JCA
and uveitis beyond the first 6 months after onset
of uveitis, a comparable number of patients
with oligoarthritis and polyarthritis was found
(35].

Not only the type of arthritis but also the on-
set of arthritis has been proposed as a risk factor
for uveitis. In general, uveitis appears signifi-
cantly more frequent in children with early
manifestation of JCA [35]. Young children, aged
2-4years, are of the highest risk of developing
uveitis. With few exceptions, most children de-
velop uveitis within 18-24 months after the on-
set/diagnosis of arthritis [5, 6, 49]. Subsequently,
the risk for intraocular inflammation diminish-
es on long-term follow-up. Within 4-7years
after onset of arthritis, 90 % of all uveitis mani-
festations are diagnosed.

Antinuclear antibodies have been repeatedly
associated with an increased risk of developing
uveitis. ANA positivity was significantly more
frequent in patients with uveitis as compared
with those that did not have uveitis in a pro-
spective study [35].

9.6
Clinical Features of Uveitis in JCA

The onset of uveitis in children with JCA is usu-
ally insidious, bilateral and anterior in type [8].
It is almost characteristic that even severe
intraocular inflammation does not lead to ex-
traocular signs and no alarming symptoms are
recognized by the parents. Because of this
asymptomatic onset there is often a significant
delay of adequate diagnosis and treatment. It is
not rare that children first seen by an ophthal-
mologist already present with secondary ocular
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complications such as persistent synechiae or
cataract formation. In contrast, a more sympto-
matic, acute onset is more probably seen in
HLA-B*27 positive boys at the age of 8-15 years
who often develop spondylarthropathy later.
Intraocular inflammation occurs bilaterally
in more than 70 % of children and involves the
second eye within a few months [34, 67]. Only
rarely will the contralateral eye be involved after
more than a year has elapsed from the primary
manifestation. Most commonly ocular signs are
unspecific and present as a nongranulomatous
anterior uveitis. However, keratic precipitates
can be present as well as Koeppe nodules. Poste-
rior synechiae are frequent findings and of par-
ticular importance in these children since they
may cause metabolic disturbances leading to
early cataract formation. In more severe cases
the anterior vitreous humour can also be in-
volved and may contribute to impaired vision.

9.7
Complications of Uveitis in JCA

The overall prognosis and functional outcome
in children with JCA may have improved; never-
theless a number of ocular complications can
lead to poor prognosis for vision. The most
frequent complications include band keratopa-
thy, secondary glaucoma, posterior synechiae,
cataracta complicata, and cystoid macular
edema (Table 9.3).

Band keratopathy is not necessarily a visual-
ly disabling complication in JCA but can be fre-
quently observed. The hydroxylapatite deposits
at Bowman’s layer are an unspecific manifesta-
tion; however, they may even guide the diagno-
sis of chronic intraocular inflammation associ-
ated with JRA/JCA (Fig. 9.1).

Secondary glaucoma has been frequently as-
sociated with a poor prognosis in children with
uveitis. Up to 27 % of glaucomatous eyes in JCA
ended with no light perception [77]. A number
of factors may contribute to this unsatisfactory

Table 9.3. Complications: percentage of affected eyes (nd not described)

©
g

« n N =~
) ) S B2
& | = =
= =N 2 3
S S 8 &

Number

of patients 61 45 36 38 35

Number

of eyes nd 85 61 nd 61

Mean

follow-up

(years) 10 nd 6.3 4.8 <6

Synechiae 75 61 38 37 8

Band

keratopathy 56 49 13 21 5

Cataract 51 58 22 34 13

Glaucoma 25 22 14 8 3

Phthisis

bulbi 11 0 10 5 5

Wolf 1987
Malagon 1992
Cabral 1993
Chalom 1997
Méller 2000
Edelsten 2001

51 61 49 22 45 163
89 nd 82 nd nd 275
10.3 nd 9.4 4 nd 4
43 332 24 102 14 nd
30 342 17 178 38 nd
46 392 21 142 38 21
27 102 9 e 22 14

4 2 1 nd nd nd

2 Percentage of affected patients.
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L :
Fig.9.1. Typical (unspecific) clinical presentation of
chronic uveitis in JCA displaying band keratopathy,
posterior synechiae and secondary cataract in a 7-
year-old girl with oligoarthritis

outcome including difficulties in monitoring
IOP in young children, unsatisfactory therapy
and a low rate of success in glaucoma surgery.
Up to now, no consensus exists about the surgi-
cal procedures for secondary glaucoma in chil-
dren, in particular on the use of drainage im-
plants or conventional filtering surgery with
mitomycin C or 5-fluorouracil [18, 72].

Cataract formation is a frequent complica-
tion as a result of chronic persistent uveitis,
synechiae formation and corticosteroid treat-
ment and significantly contributes to impaired
vision. Because these cataracts appear in in-
flamed eyes with band keratopathy, increased
ocular pressure and posterior synechiae, they
often offer unique challenges in their surgical
treatment. Although cataract extraction is a safe
and routinely performed procedure in children,
morphological and functional outcome in JCA
often remains limited. Several authors have em-
phasized the difficulties of cataract surgery in
patients with JCA associated uveitis [16, 20, 26].
No general consensus exists for optimal care
in these eyes; in particular it is not clear
whether a pars plana lentectomy or a standard
phacoemulsification technique should be pre-
ferred. Although implantation of an intraocular
lens at cataract surgery has been successfully
performed in any kind of uveitis and is a routine
procedure in children, strong reservations have
been expressed regarding IOL implantation in

children with JCA [54]. More recently some
reports suggested that in selected patients
cataracts caused by juvenile arthritis can under-
go standard phacoemulsification and IOL im-
plantation with good results [37, 59]. It has to be
stressed, however, that most of these “children”
with favourable outcome have already been
through their teens, whereas in younger chil-
dren still no general recommendation for IOL
implantation can be given.

9.7.1
Macula Edema

Maculopathy has been infrequently reported in
JCA children and mainly considered as a sec-
ondary complication following cataract surgery.
However, Dana et al. observed macula changes
during long-term uveitis in about one-third of
their patients [11]. More striking is the finding
that the majority of these eyes never underwent
intraocular surgery, indicating that macula
changes were predominantly due to chronic
intraocular inflammation. Since in a number of
patients irreversible visual impairment results,
more attention has to be paid to prevent this
complication.

9.8
Differential Diagnosis

The differential diagnosis includes a broad spec-
trum of diseases that may present with anterior
uveitis (Table 9.4). Chronic anterior uveitis may
occur associated with other systemic disorders,
such as sarcoidosis, M. Behget and as an isolated
entity. Indeed, some of these diseases associated
with uveitis may also manifest with arthritis.
Since sarcoidosis and M. Behget not only involve
the anterior segment of the eye but also fre-
quently present as choroiditis or retinal vasculi-
tis, a routine fundus examination in all patients
is initially obligatory. Sarcoidosis, keratouveitis
due to herpes viruses,lyme borreliosis and trau-
ma are among the main causes of anterior
uveitis that have to be ruled out. Even when
some ocular findings guide the experienced
ophthalmologist in the differential diagnosis,
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Table 9.4. Anterior uveitis: differential diagnosis in childhood

Juvenile rheumatoid arthritis
Juvenile psoriatric arthritis
Reiter’s syndrome
Sarcoidosis

Behget’s disease?

Ulcerative colitis

Lupus erythematodes
Kawasaki’s disease

NOMID syndrome
Vogt-Koyanagi-Harada syndrome?
Fuchs heterochromic cyclitis
Masquerade syndromes?®
(Leukemia, retinoblastoma)
Trauma

Keratouveitis

(Herpes simplex virus, Herpes zoster virus)
Tuberculosis

Lyme borreliosis

Syphilis

Toxoplasmosis?

Toxocariasis®

2 This type of uveitis predominately manifests as posterior uveitis/panuveitis, but may mislead as anterior

uveitis because of “spill over”.

close collaboration between the ophthalmolo-
gist and paediatrician with appropriate investi-
gations is necessary to establish the diagnosis.

Of particular importance are infectious aeti-
ologies for uveitis in children that include her-
pes simplex and herpes zoster viruses, Toxo-
plasma gondii, Borrelia burgdorferi, Bartonella
henselae and Toxocara canis. Depending on the
medical history, clinical presentation and mani-
festation of intraocular inflammation, laborato-
ry investigations are usually necessary to estab-
lish the diagnosis. Although serological results
are more informative in children as compared
to adults, positive antibody findings are often
not discriminatory for intraocular infection.
Therefore aqueous humour analysis might be
beneficial in unclear situations to diagnose an
infectious aetiology [12, 70].

A rare, but important systemic disease with
close similarities with JCA is the NOMID syn-
drome (neonatal onset multisystem inflamma-
tory disease syndrome) characterized by arthri-
tis and anterior uveitis [58]. Most of these
patients will present with neurologic, cutaneous
and articular lesion including papillitis. There-
fore particular attention should be paid to any
of these signs and symptoms. Interestingly,
there is a striking absence of posterior synechi-

ae in this syndrome and consequently only a
low risk of cataract formation.

2.9
Prognostic Factors for Uveitis

Attempts to identify risk factors for sight-
threatening consequences of uveitis are certain-
ly important. Identification of several charac-
teristics that correlate to the clinical course of
chronic uveitis in JCA has led to screening pro-
grams and surveillance guidelines for early de-
tection and adequate treatments. Although sev-
eral attempts to predict the chronic course of
uveitis have been made, we have to realize that
these criteria remain limited, not yet firmly es-
tablished and may vary in an individual child.
Clinical and general conditions that have been
suggested to be predictive of poor visual out-
come due to uveitis associated with JCA in-
clude: gender, type and onset of arthritis, dura-
tion between the onset of arthritis and uveitis
and the severity of uveitis at the first presenta-
tion (Tableg.5). Furthermore, the presence of
certain HLA types, autoantibodies and elevated
a,-globulin has been suggested as predictors
[62,71,78].
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Table 9.5. Proposed risk factors for severe uveitis in children with JCA

Factors Severe uveitis course Moderate uveitis course

(Gender)
Onset of arthritis

(Male)
<4years

Type of arthritis
psoriatric arthritis

Oligoarticular onset,

(Female)
>4 years
Systemic arthritis onset

Clinical presentation Reduced visual acuity, Negative
of uveitis at first visit glaucoma, synechiae
ANA Negative Positive
9.9.1 9.9.3
Gender Onset of Arthritis

There are a number of studies indicating that
girls might be of greater risk for severe uveitis
[6, 49]. However, it has to be kept in mind that
girls in general are more frequently affected by
JCA and uveitis. Indeed, a prospective study was
not able to identify gender as a risk factor [35]
and some more recent studies have even shown
that boys were significantly more likely to have
severe uveitis [3, 7].

9.9.2
Type of Arthritis

The type of arthritis has also been suggested to
differentiate children with more severe uveitis.
It has been proposed that children with oligo-
arthritis are particularly endangered, whereas
children with polyarthritis or systemic onset of
JCA could be considered at “low risk”. This has
to be carefully reconsidered since children with
oligoarthritis represent per se the majority of
arthritis patients [49]. In addition, it has to be
kept in mind that a number of children present-
ing initially with oligoarthritis may subsequent-
ly develop polyarthritis during follow-up. In-
deed, when Kotaniemi et al. did reclassify
children with JCA and uveitis following the first
6 months after onset of uveitis they reported a
comparable number of patients with oligo-
arthritis and polyarthritis [35].

Not only the type of arthritis but also the onset
of arthritis may predict severe intraocular in-
flammation. In general, severe uveitis is more
common in children when the onset of arthritis
is below the age of 6 years. In addition, several
studies found that there was an increased ocular
complication rate in children with a short gap
between the onset of joint and ocular inflamma-
tion at initial presentation [5, 6, 14]. Vice versa,
the risk of developing intense uveitis decreases
with the interval following onset of JCA [5, 6].

9.9.4
Severity of Uveitis at Onset

Initial ocular examination already provides im-
portant prognostic information. Reduced visual
acuity at first presentation and glaucomatous
optic nerve damage have been found as inde-
pendent prognostic factors of poor final visual
outcome [11]. The presence of posterior syn-
echia is another clinical sign that, if present at
initial examination, is an indicator of early
cataract progression and often limited func-
tional outcome [77].

Even when it remains difficult to predict the
clinical course of uveitis in an individual child,
it has been suggested that the overall prognosis
and visual outcome in children with arthritis
has improved. Whereas earlier reports de-
scribed blindness in 15-38 % of these children,
Table 9.6 demonstrates a decline in recent years
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Table 9.6. Visual outcome in children with juvenile chronic arthritis. Visual acuity: percentage of affected

eyes (nd not described)

o
= ~ 5 N N =
N IN 2N ) 2 X N 2
=) N =2 " [N N =
- P > | 2 S g - £ g
5 S | % |5 | | 2 || |2
7 FLE |2 |3 |2 |5 |2 |3
3 @) Qo & = = o @) s
Number
of patients 61 45 36 38 35 51 61 49 22 163
Number
of eyes nd 85 61 nd 61 89 nd 82 nd 275
Normal
visual acuity 34 nd 78 55 742 61 692 85 892 nd
Reduced
visual acuity 37 nd 8 29 262 17 312 5 e 162
Blindness 29 38 14 16 nd 22 nd 10 0 6
Unilateral 13 nd nd 5 nd 15 nd 9 nd
Bilateral 16 nd nd 11 nd 7 nd 1 nd
2 Percentage of affected patients.
and a more favourable prognosis. However,
even when the number of blind children has 9.11

dropped, we have to keep in mind that there
remains a significant risk for severe uveitis [6].

92.10
Correlation of Uveitis
and Arthritis Activity

Severity and duration of intraocular inflamma-
tion varies widely, but there appears no direct
correlation between the activity of ocular and
joint manifestations [9, 61]. Interestingly, on
long-term follow-up, children with uveitis had
more joints involved, more frequent intra-artic-
ular steroid injections were necessary to control
arthritis and systemic immunosuppressive
treatment had to be given more frequently. In
addition, at the end of the observation period,
systemic laboratory signs such as the blood sed-
imentation rate were more elevated in children
with chronic arthritis and uveitis [36].

Treatment of Uveitis in JCA

Commonly a “step later approach”has been sug-
gested for the treatment of JCA both for chron-
ic arthritis as well as for concomitant uveitis.
Since the activity of both manifestations may
differ significantly in an individual child, close
communication between paediatricians and
ophthalmologists is necessary to provide opti-
mal care [29]. It has to be emphasized that a
number of new treatment options, in particular
“biologic agents”, became available with great
promise for clinical benefit in arthritis. How-
ever, the impact on uveitis is still uncertain.

9.11.1
Topical Steroid Treatment

Since JCA is not a distinct disease entity and the
clinical manifestation of uveitis varies consider-
ably, no standard treatment approach can be
recommended.

It cannot be overstressed that children with
risk of ocular complications need to be identi-
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fied as early as possible. In general, any first
manifestation of anterior uveitis will initially
undergo topical treatment with potent corticos-
teroids such as prednisolone acetate, dexam-
ethasone or betamethasone. No general advice
on frequency and duration of this first line
treatment can be given; however, one of the
most frequent reasons for treatment failure is
the inadequate use of steroids caused by fear of
corticosteroid-induced side effects [66]. In
most patients a 2- to 3-day course of intensive
topical corticosteroids during daytime is suffi-
cient to control intraocular inflammation. Fol-
lowing appropriate control of inflammation,
steroids need to be tapered down under close
clinical observation, ensuring that no flare-up
occurs after cessation of treatment. Only rarely
do first episodes of anterior uveitis not respond
to topical treatment and systemic steroid treat-
ment may become necessary. A short course of
pulsed intravenous methylprednisolone at a
dosage of 10-30 mg/kg body weight per day can
be required to control intraocular inflammation
[55]. The use of subtenon corticosteroid injec-
tions has also been recommended; however, this
might be difficult to apply in young children
and is not a major advantage since it may also
lead to systemic absorption and detectable drug
levels in the circulation (for review see [66]).

Any severe anterior inflammation should be
carefully monitored for formation of posterior
synechiae. Development of cataracts seems to be
a particularly characteristic in children following
these sequelae. Short acting mydriatics are suffi-
cient to control synechiae formation in most of
the patients with moderate inflammation when
applied once at bedtime. In more severe manifes-
tations scopolamine twice daily might be neces-
sary. It has to be kept in mind that the pupil
should be kept mobile and not constantly dilated,
which bears the risk of synechiae formation in a
mydriatic state of the pupil. Therefore long-act-
ing agents such as atropine should be avoided. In
addition, long-term unilateral cycloplegia may
result in amblyopia in young children.

In patients with acute inflammation and
recently developed posterior synechiae, dis-
solution might be achieved using a subconjuncti-
val injection of a cocktail or alternatively a sponge
soaked with these enforced mydriatics (Fig. 9.2).

Fig.9.2. Dissolution of posterior synechiae might be
achieved using subconjunctival injection of enforced
mydriatics (“lytic cocktail”) or alternatively with a
soaked sponge

9.11.2
Nonsteroidal Anti-inflammatory Drugs
(NSAID)

The role of systemic NSAID to control intraoc-
ular inflammation in JCA has not been clearly
established. Whereas it has been shown that
arthritis will adequately respond in approxi-
mately one-third of all patients, this has not
been clearly proved for uveitis [32]. However,
several reports support the use of NSAID as ad-
junctive treatment as a steroid sparing agent
[11]. Dana et al. reported a significantly better
visual outcome in patients on NSAID, but were
careful about overinterpreting their value. Since
NSAID approved for children are safe and well
tolerated by most children, they may merit
more attention and a prospective evaluation.

92.11.3
Systemic Inmunomodulatory Agents

Since repeated treatment of recurrent uveitis
episodes with topical or systemic corticos-
teroids will result in secondary complications,
alternative therapeutic approaches are neces-
sary. Methotrexate (MTX) has become the first
choice of treatment in JCA since the placebo
controlled double masked trial in children [23].
Given at a dose of 10 mg/m? per week, MTX had
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a significant treatment effect [23]. Although the
efficacy of MTX for many patients with arthritis
is well accepted, it has not been proven in any
prospective randomized trial to be similarly ef-
fective in the treatment and prevention of
uveitis. However, in many retrospective studies
the more frequent and earlier administrations
of MTX are considered a significant factor that
reduced the severity of uveitis during long-term
follow-up [11, 75]. Methotrexate has distinct ad-
vantages over other second line agents that in-
clude its once a week dosage, its oral adminis-
tration, low oncogenic potential and lack of
long-term infertility effects.

Weiss and co-workers reported on seven
children with JCA and associated uveitis that
were refractive to topical steroids and already
demonstrated side effects to steroids. In six of
these patients MTX was effective in controlling
ocular inflammation and could be continued as
basic therapy [75].

Similar positive effects were observed by
Dana et al., reporting retrospectively on MTX in
the treatment of uveitis in JCA [11]. Further evi-
dence on the use of MTX derives from observa-
tions in adults with noninfectious uveitis that
indicate true disease modification with reduced
recurrence frequency and steroid sparing effect
in 76 % of 160 patients [64]. Adverse effects on
long-term treatment with discontinuation of
MTX were observed in 18% of all patients,
although directly drug related in only 8 %.

Only few studies have investigated the effect
of cyclosporine A (CsA) in children with JCA
and uveitis. In 34 children that were prospec-
tively monitored, 21% were affected by chronic
recurrent uveitis [22].In 8 out of 12 affected eyes
treatment with CsA was successful in resolving
inflammation and seven eyes had improved vi-
sual acuity. However, typical side effects such as
renal insufficiency, hirsutism and gum hyper-
trophy were frequently (50%) observed [74]. In
addition, the risk of inducing lymphoma has to
be noted.

Recently, the management of juvenile idio-
pathic arthritis has undergone significant
changes and has brought therapeutic benefit re-
garding the manifestation of arthritis. Since
proinflammatory cytokines such as interleukin-
1and TNF-a play an important role in maintain-

ing the chronicity in JCA and mediating tissue
destruction, they became a target for therapeutic
approaches. In particular TNF-antagonists have
emerged as valuable anti-inflammatory agents.
Etanercept, a dimerized version of the soluble
TNF-receptor II,is approved for the treatment of
refractory JCA [60]. Given twice weekly by sub-
cutaneous injection, there was significant sup-
pression of inflammation and prevention of
joint destruction [39]. Reiff et al. were able to fol-
low 10 children with Etanercept treatment (7
with JCA) that did not adequately respond to
previous medications and observed dissolution
of uveitis in 10/16 affected eyes (63 %) [60]. More
recently the use of Etanercept was evaluated vs.
placebo in (adult) uveitis controlled by MTX
[19]. In this randomized, double-masked study,
Etanercept had no significant efficacy over
placebo in preventing relapses of uveitis when
patients were tapered down from MTX.

Infliximab is another anti-TNF agent that
has been successfully introduced for clinical
use. Given as a periodic i.v. infusion it is as effec-
tive as Etanercept in adult rheumatoid arthritis,
and might be useful in paediatric patients with
arthritis as well. Again, little is known about the
use of this agent in concurrent uveitis [41].

Smith et al. treated 16 patients with TNF in-
hibitors and various rheumatoid associated
ocular diseases [68]. Six patients (38%) did
show improvement of uveitis including four pa-
tients with juvenile arthritis. However, it is re-
markable that five (adult patients) experienced
their first episode of uveitis during this treat-
ment. It seems that at least in some patients
there is a risk that some immunomodulatory
approaches may even induce or aggravate the
onset of uveitis. Interestingly, exacerbation of
uveitis following anti-TNF treatment was al-
ready reported previously in experimental,
endotoxin-induced uveitis [33]. Therefore the
role of anti-TNF treatment in uveitis patients
has to be carefully monitored before their
potential use can be recommended and patients
under treatment with these agents need to be
monitored by ophthalmologists.

Still, our understanding of the cause and
pathogenesis of uveitis in JCA remains rudi-
mentary. Therefore the implementation of more
rational, effective treatment is open.
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9.12
Recommendations
for Ocular Screening in JCA

Patient identification and screening for uveitis

remain the most important measures in reduc-

ing the risk for severe ocular damage. In partic-
ular shortening the interval of high-risk pa-
tients for ophthalmic examination may help to
prevent irreversible vision loss.

There are unfortunately several factors that
may interfere with early detection:

1. The diagnosis of the arthritis which typically
precedes uveitis is often delayed. Gare and
Fasth reported an average of 3 months to the
diagnosis of joint problems [21].

2. The severity of uveitis varies greatly at onset.
Children typically do not report early symp-
toms and parents may only notice signs of
severe inflammation. This is a particular
problem since the youngest children are
most severely affected by uveitis and the least
reporting subjective symptoms.

3. Despite efforts to diagnose these children
early for uveitis, more than half of the pa-
tients were not seen within 6 months of onset
of arthritis by an ophthalmologist [7]. In fact,
recent studies did not show a major differ-
ence in the age of the children when diag-
nosed with uveitis, hence suggesting that the
diagnosis is still often delayed [35,78].

It is unclear how often children with JCA should

be seen by an ophthalmologist. Based on the

current literature and on the criteria of the

American Academy of Pediatrics (1993), the fol-

lowing recommendations could be given:

o All children with JCA should undergo at least
one slit lamp examination as soon as the di-
agnosis of arthritis is made.

o If uveitis is detected, appropriate therapy and
follow-up has to be determined by an oph-
thalmologist.

o If no uveitis is detected initially, girls with
JCA should be screened by slit lamp exami-
nation every 2 months for the first 6 months
after development of arthritis. Boys should
also undergo slit-lamp examinations at the

same frequency but kept under control for
12 months [7].

e In children with recurrent episodes of uveitis
and JCA, a collaborative treatment plan
should be set up that reduces the risk of top-
ical/systemic corticosteroid associated side
effects in these children.

Summary for the Clinician

e Uveitis associated with JCA continues to
lead to severe ocular damage in a substan-
tial number of children

o Delayed diagnosis, due to the silent course
of intraocular inflammation and delayed
referral to an ophthalmologist, are key
factors for serious ocular complications

¢ Patient identification and screening for
uveitis are therefore the most important
measures to reduce the risk of poor func-
tional outcome

o Further benefit for long-term outcome in
these patients will result by earlier referral
of general ophthalmologists to ocular im-
munologists who are familiar with systemic
immunomodulatory agents. The use of
these agents often allows corticosteroids to
be spared/avoided that are responsible for
significant side effects in particular in
young children

e “Biologic agents” as new treatment options
for arthritis have been successfully intro-
duced; however, their value for uveitis in
JCA is not yet clear
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Herpes Viruses in Ocular Inflammation

BAaHRrRAM BopaGHI, PHUC LEHOANG

Core Messages

e Herpes viruses are highly adapted oppor-
tunistic agents, which have evolved several
means of evading the immune system and
of establishing latency

e The status of the host’s immune system
largely defines the outcome of herpetic
ocular infections and their complications

* One of the major characteristics of herpetic
ocular infections is the dual occurrence of a
replicative lytic reaction followed or accom-
panied by subsequent ocular inflammation

e The prevalence of seropositivity for herpes
viruses increases with age and varies
geographically

e Intraocular herpetic infections can be
usually divided into two major entities:
anterior uveitis and viral retinopathies

e New clinical entities including CMV-in-
duced anterior uveitis in immunocompe-
tent patients and non-necrotizing herpetic
retinopathies have been recently reported

10.1
Introduction

Herpes viruses represent a major aetiology of
ocular inflammation which should always be
taken into consideration in typical clinical pre-
sentations. Primary infection by members of
this family is usually efficiently controlled by
the immune system. However, the immune sys-
tem does not completely clear the virus. Herpes
viruses have developed a love-hate relationship
with their hosts, which they have maintained for
over 30x10° years. These highly adapted oppor-

© The diagnosis of herpetic intraocular inflam-
mation is initially based on the analysis of
clinical features. Confirmation of intraocular
viral inflammation with or without viral
replication relies on molecular techniques
such as PCR applied to ocular fluids

The other method to confirm viral disease is
to ascertain intraocular antibody produc-
tion against different herpes viruses. How-
ever, the amount of ocular fluids is a limiting
factor in performing diagnostic tests in pa-
tients with suspected viral intraocular in-
flammation

Systemic antiviral drugs should be pro-
posed rapidly in order to control viral repli-
cation before the use of corticosteroids

All anti-herpes virus drugs available today
are virostatic. Therefore, relapses may occur
especially in the absence of antiviral pro-
phylaxis

tunistic agents have evolved several means of
evading the immune system and of establishing
latency. Herpes virus genomes persist in a latent
form at specific sites in the infected host. The
status of the host’s immune system largely de-
fines the outcome of viral infections and their
complications. The majority of the population is
seropositive for at least four (varicella, cyto-
megalovirus, herpes simplex type I, Epstein-
Barr virus) of the eight human herpes viruses.
Initial infection with these herpes viruses is
usually clinically inapparent. And the virus(es)
become latent without causing any pathologic
condition during the subject’s lifetime. In a
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Viral Ocular Diseases

Viral uveitis

Viral kerato-uveitis

Viral retinopathies

Conventional
Presumed
HHV-8 Non necrotizing
herpetic Necrotizing
MV : : =
- retinopathies herpetic
retinitis
HSV, VZV, EBV IRU
ARN
PORN .
Fuchs
. S — heterochromic
Posner-Schlossma ilils CMV retinitis

Fig.10.1. Different patterns of ocular herpetic infection (IRU: Immune recovery uveitis, VKH: Vogt-Koyana-
gi-Harada disease, ICE: Irido-corneo-endothelial syndrome, ARN: Acute retinal necrosis syndrome,

PORN: Progressive outer retinal necrosis syndrome)

small percentage of people, cytopathogenicity
with subsequent inflammation may occur after
the acute phase of viral disease or upon recur-
rences. This may induce uveitis or retinitis with
subsequent complications in the absence of ad-
equate therapeutic strategy. Any delay may
worsen the final prognosis and highlights the
importance of an energetic diagnostic approach
based on thorough clinical and virological ex-
amination. Diagnostic confirmation is a major
issue and allows specific therapeutic strategies
based on antivirals and corticosteroids. There-
fore, it could be possible to prevent major re-
lapses. The use of molecular biological tech-
niques is particularly informative. They serve
not only to characterize the previously well-
known subgroup of presumed viral uveitis, but
also to define the role of these agents or emerg-
ing viruses in atypical forms of autoimmune
uveitis resistant to conventional therapy. The
detection of viral DNA by PCR from patients

with uveitis is a rapid, sensitive and accurate
procedure. Therefore, aqueous humor analysis
could be performed when uveitis is unrespon-
sive to anti-inflammatory molecules, in order to
exclude a viral condition and modify dramati-
cally the therapeutic management. Several new
viral entities have been recently identified,
such as cytomegalovirus-associated chronic an-
terior uveitis and non-necrotizing herpetic
retinopathies in immunocompetent hosts. They
have been included in the previously well de-
scribed group of viral ocular diseases (Fig. 10.1).
Systemic antiviral drugs should be proposed
rapidly in order to control viral replication be-
fore the use of corticosteroids. Maintenance
therapy based on low dose antivirals can reduce
the rate of recurrence and should be consid-
ered.
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10.2
Fundamental Virology

Eight human herpesviruses have already been
characterized. All of these viral agents can in-
duce ocular inflammation. The family includes
herpes simplex virus (HSV) type 1 and type 2,
varicella-zoster virus (VZV), cytomegalovirus
(CMV), Epstein-Barr virus (EBV), herpes virus
6 (HHV-6), herpes virus 7 (HHV-7) and herpes
virus 8 (HHV-8), also known as an agent of Ka-
posi’s sarcoma, (KSHV). HSV and VZV are al-
pha herpesviruses that infect a wide variety of
cell types, where they replicate rapidly (within
24'h) and can cross species barriers. CMV,HHV-
6 and HHV-7 are beta herpesviruses that grow
slowly in a limited number of cell types and are
very species specific. EBV and HHV-8 infect
mainly lymphocytes, grow slowly and are
species specific. Morphologically, all herpes
viruses are enveloped particles 150-200 nm in
diameter, composed of a icosaedric nucleocap-
sid with 20 equilateral triangle faces, containing
a double strand DNA [54, 70]. Herpes viruses
have the next to largest genomes in the world of
viruses, just after pox viruses. Due to the pres-
ence of repeat sequences, the DNA can adopt
four isomeric forms. Between the capsid and the
envelope is an amorphous protein called tegu-
ment composed mainly of phosphoproteins,
which interfere with host-cell protein synthesis
after viral penetration into host cells. Herpes
virus genomes have been sequenced and identi-
fication of open reading frames, transcriptional
regulatory sequences and proteins has dis-
closed a close relationship between the different
members of this family. Glycoproteins integrat-
ed into the viral envelope allow serological iden-
tification. Herpes viruses become latent in their
infected hosts, therefore developing a love-hate
relationship, which has allowed them to evolve
with their hosts for millions of years. These
viruses are found in mammals, reptiles, fish and
birds. Their role in the evolution of species is
under debate.

Human CMV (HCMYV) represents the proto-
type virus of the beta subgroup. Its double-
stranded DNA genome of more than 238 kbp
encodes more than 200 viral proteins. Many of

these proteins functionally mimic host proteins.
This opportunist agent has a strict species
specificity, which is indicative of a long patho-
gen-host coevolution [48]. In fully permissive
cells, viral replication occurs according to a cas-
cade of three consecutive phases: immediate
early (IE), early (E) and late (L). Viral DNA syn-
thesis occurs at the end of the E phase. Proteins
produced during the IE and E phases play an
immunoregulatory role during viral replication.
HCMYV usually replicates in tissues that have a
less stringent immune surveillance, but also in-
fects hematopoietic stem cells and their deriva-
tives. Viral latency is established in various in-
fected tissues and cell types, notably monocytes
and endothelial cells. During latency, HCMV ex-
presses a limited number of viral genes in order
to minimize exposure to the immune system. To
achieve permanent coexistence with its host,
HCMYV has developed different strategies to
evade immune control. Virus-host interactions
are particularly original, involving modulation
of different metabolic pathways of the cell, on
the one hand, and by avoiding immune detec-
tion, on the other. By downregulating cell sur-
face expression of MHC class I molecules, it
avoids the presentation of viral peptides to
cytotoxic T cells. It can also modulate the pro-
duction of soluble mediators of immunity and
sequestrate chemokines within infected cells,
thereby protecting infected cells from attraction
by killer leukocytes.

10.3
Epidemiology

Herpes viruses can be transmitted to a suscepti-
ble individual following close contact with the
secretions, skin, or mucous membranes of an
infected person shedding virus. Infections with
herpes viruses are very common in the general
population, but in most cases they do not cause
clinically apparent disease. Ocular herpes sim-
plex virus type 2 infection seems to spread via
an oculogenital route in the majority of cases.
The prevalence of seropositivity increases with
age and varies geographically. In the United
States, positive serology against HSV-1 is gener-
ally detected in 50 % of high-status and 80 % of
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low-status socioeconomic persons by the age of
30 [50] and prevalence increases with age. VZV
seroconversion has been reported in the United
States in nearly 90 % of the population by the
age of 60 years [25]. The global incidence and
the prevalence of uveitis are, respectively,
17-24/100,000 and 35-200/100,000 habitants.
Based on the International Uveitis Study Group
classification of uveitis and various scientific re-
ports, herpetic uveitis represents the second ae-
tiology of anterior uveitis (25.9 %: HSV uveitis).
VZV-related uveitis may develop after herpes
zoster ophthalmicus (HZO), herpes zoster sine
herpete (reactivation of VZV without cutaneous
vesicules), but also in conjunction with chicken-
pox. Anterior uveitis is more common after
HZO than herpes zoster sine herpete. Acyclovir
treatment during HZO significantly decreases
the risk of ocular complications and especially
uveitis [30].

Herpes virus infections involving the poste-
rior segment of the eye are less common and in-
clude CMV retinitis or progressive outer retinal
necrosis in immunocompromised hosts and
acute retinal necrosis or non-necrotizing viral
retinopathies mainly in immunocompetent pa-
tients. The prevalence of herpetic retinitis has
been found to be closely sex independent. The
disease has been reported worldwide.

10.4
Pathophysiology

10.4.1
Experimental Viral Uveitis

Viral eye diseases are common and are associat-
ed with different well-known forms of uveitis.
Different animal and cellular models have been
used to study herpetic ocular infections [71,16].
However, experimental models and clinical ob-
servations support the notion of an infectious,
especially a viral, aetiology in different autoim-
mune conditions. One of the major characteris-
tics of herpetic ocular infections is the dual oc-
currence of a replicative lytic reaction followed
or accompanied by subsequent ocular inflam-
mation. This duality is undoubtedly the patho-
physiologic basis of viral uveitis and retinitis in

experimental models, but also in human dis-
eases. Progress made in the study of both enti-
ties has led to improved therapeutic strategies.
Animal models including rabbits, mice and
guinea pigs have been developed to study her-
petic ocular infections. Rabbits were used to in-
duce CMV chorioretinitis [17]. Intracamerular
injection of herpes viruses induced severe ante-
rior uveitis in the injected eye and a moderate
contralateral chorioretinitis after a period of
7-10 days. The absence of posterior segment in-
volvement in the injected eye remains unex-
plained. Intravitreal injection of an active viral
preparation induces a total primary uveitis due
to viral cytopathic effects, starting less than
1week after injection. Intraocular reintroduc-
tion of the virus, whatever its replicative poten-
tial may be, triggers secondary uveitis with an
acute onset, associated with an immunopatho-
logic reaction mediated by virus-specific T-
lymphocytes. Based on interesting studies, viral
propagation after intravitreal injection seems to
occur along optic fibres, across chiasma and to
the contralateral retina. However, the route of
propagation from the anterior chamber remains
unknown.

It is interesting to note that primary viral in-
fections affecting the lip will exhibit a pattern of
virus gene expression consistent with HSV-1 la-
tency (latency-associated transcripts without
HSV-1 antigens) in parts of the nervous system
that have direct or indirect connections with oc-
ular tissues. Therefore, reactivation from laten-
cy will induce corneal, uveal or retinal infec-
tions [43, 44]. This situation is analogous to
another viral agent, the lymphochoriomeningi-
tis virus, which proliferates in the uvea after
intracamerular injection without causing any
disease. In a second phase, a severe antiviral re-
sponse will occur with negligible cytopathic
effects. It is possible to transfer ocular inflam-
mation via activated lymphocytes. Intraocular
presence of a viral antigen may thus induce
chronic relapsing episodes of uveitis.
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10.4.2
Experimental Models
to Study Viral Retinitis

Animal models have been developed to define
the main characteristics of viral retinitis [4, 33,
42,51,66]. Human cytomegalovirus has a differ-
ent pattern of replication than that of HSV and
VZV.

Pertinent permissive cell cultures, such as
retinal glial cells or retinal pigment epithelial
cells,have been used to study HCMV replication
(Fig.10.2). Virus replicates slowly and progres-
sively [11, 16]. In the era of highly active anti-
retroviral therapy, intraocular inflammation,
like cystoid macular edema, vitritis or papillitis,
has been reported in patients presenting with
completely cicatricial retinitis. It was therefore
of interest to analyse different pathways involv-
ing antiviral immune responses that might po-
tentially play a role in these situations. The
model of retinal pigment epithelial cells was
used to analyse virus-host interactions. The oc-
currence of HCMV retinitis in the late phase of
immunosuppression may be related to pertur-
bation of cytokine production and secretion,
associated with the progressive loss of the
CD3+CD4+ cell subset. The effects of different
cytokines such as IFN-y, IFN-f, IL-1, TGF-p
and TNF-«, which are present in the eye under
different immunopathological conditions, were
studied to discover which of them play a role
during HCMV replication in retinal pigment
epithelial cells. IFN-y and IL-1p appeared to be
the major antiviral cytokines in this in vitro sys-
tem. The antiviral effect of IFN-y could be re-
versed by adding the amino acid L-tryptophan
to the culture medium. Tryptophan is an essen-
tial amino acid for HCMV replication. IFN-y
stimulates an enzyme, indoleamine 2, 3-dioxy-
genase (IDO), which is responsible for the con-
version of tryptophan and its derivatives to
kynurenine. Tryptophan is an essential amino
acid for HCMV replication. Cytokines such as
IFN-y may drive the virus underground before
viral proteins (the targets of the immune sys-
tem) are expressed, thereby creating viral reser-
voirs that escape immune surveillance [8]. A
lack of IFN-y in the final stage of immunosup-

Fig.10.2. Confocal microscopy disclosing cytome-
galic effects in CMV-infected human retinal pigment
epithelial cells. Indirect immunofluorescence (green
immediate early antigens, red late antigens)

pression could play a role in the pathogenesis of
HCMV retinitis. Immune reconstitution may be
associated with the infiltration of retina with
leukocytes that recognize resident cells express-
ing latent viral antigens. Immune activation in-
duces immune recovery uveitis in the absence of
active viral replication.

10.5
Clinical Features

Intraocular herpetic infections can be divided
into two major entities, anterior uveitis and vi-
ral retinopathies. Clinical manifestations have
been relatively well defined. However, it is still
difficult to present strong clinical and virologi-
cal correlations without molecular analysis. The
disease is usually unilateral with an acute onset.

10.5.1
Anterior Uveitis

10.5.1.1
Herpes Simplex Virus (HSV) Infection

There is no direct correlation between herpetic
keratitis and uveitis. Patients with stromal ker-
atitis may present concurrent anterior uveitis.
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Fig.10.3. Iris atrophy associated with HSV-1 infec-
tion

However, anterior uveitis may occur with no ac-
tive corneal inflammation. Recurrent episodes
can damage the eye and spread to the posterior
segment, involving the vitreous and the retina.
Despite virological confirmation, mostly by
polymerase chain reaction, it is still not known
if uveitis is due to a viral cytopathic effect or an
immunopathologic phenomenon [24]. Redness,
photophobia, pain and visual impairment are
frequently observed. Intraocular inflammation
is usually acute, unilateral, and granulomatous
with posterior synechiae and sectoral iris atro-
phy (Fig.10.3). Iris masses have been reported.
Secondary glaucoma due to trabeculitis is a ma-
jor sign of herpetic uveitis. Glaucoma may be
temporary, but chronic forms without concomi-
tant active infection or inflammation are also
possible. Mild to severe cell and flare reaction in
the aqueous humor is common. Hypopion can
be observed in severe forms, but hyphema is
also possible.

Van der Lelij et al. have reported molecular
diagnosis of herpetic infection in a series of 31
patients presenting with anterior uveitis and
sectoral iris atrophy [61]. Anterior chamber
paracentesis (ACP) was performed in 24 pa-
tients and secondary glaucoma was present in
90% of cases. The final visual prognosis was
satisfactory in the majority of cases. ACP was
positive in 23 cases (HSV: 20 cases and VZV: 3
cases). The mean age at onset of HSV-associat-
ed uveitis was lower than that of VZV-associat-
ed uveitis.

Fig. 10.4. “Leopard” aspect of keratic precipitates in
a patient with VZV-associated anterior uveitis

10.5.1.2
Varicella-Zoster Virus (VZV)

Uveitis is much more common after herpes
zoster ophthalmicus. Nearly two-thirds of pa-
tients with herpes zoster involving the oph-
thalmic division of the trigeminal nerve may
present ocular involvement, especially without
acyclovir prophylaxis. Uveitis is less frequent af-
ter an episode of varicella. Ocular inflammation
is often delayed relative to the onset of cuta-
neous lesions. An interval of 2-4 weeks may sep-
arate both diseases. Uveitis seems to be more se-
vere when it is delayed and associated viral
retinitis should be eliminated, especially in im-
munocompromised or elderly patients. Grey
or brown keratic precipitates are localized in
the inferior part of the cornea, but may be
more diffuse with a“leopard pattern” (Fig. 10.4).
Ischaemia of the anterior segment is classically
associated with VZV uveitis. The presence of
sector and patchy atrophy may be related to
virus-induced ischaemia. Anterior uveitis is of-
ten acute, unilateral, granulomatous, and asso-
ciated with posterior synechiae and glaucoma.

10.5.1.3
Cytomegalovirus (CMV) Uveitis

CMYV involvement of the anterior segment in
immunocompetent patients was reported very
recently [47]. This entity differs from HSV or
VZV uveitis. Chronicity is a major characteris-
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tic. Ocular inflammation lasts for a long time
and seems to be mild to moderate. Small size
KPs are brown and scattered in the lower part of
the cornea. This disease occurs more frequently
in elderly patients. Sectorial iris atrophy is not a
common finding and posterior synechiae are
rarely observed. Secondary glaucoma seems to
be a consistent complication and becomes re-
sistant to medical anti-glaucomatous therapy in
the absence of specific anti-CMV therapy. It is
important to note that the posterior segment of
the eye is usually not involved.

10.5.1.4
Epstein-Barr Virus (EBV) Uveitis

Benign and transitory uveitis has been de-
scribed during the course of EBV-associated
infectious mononucleosis. Different forms of
anterior uveitis, multifocal choroiditis and
panuveitis have been attributed to EBV infec-
tion [58]. However, it is difficult to isolate a dis-
tinct entity to characterize EBV infections of the
eye. This is probably due to the risk of blood
contamination associated with the presence of
EBV in mononuclear cells, which may be found
after anterior chamber paracentesis. Uveitis
may be chronic, uni-or bilateral, granuloma-
tous, and associated with diffuse iris atrophy
and severe glaucoma.

10.5.2
Viral Retinopathies

10.5.2.1
Necrotizing Herpetic Retinopathies

Necrotizing viral retinopathies have been de-
scribed and largely characterized by electron
microscopic studies, immunocytochemistry
[13], viral culture from intraocular specimens,
serologic analysis of serum and/or intraocular
fluids [15, 63] and, finally, by the polymerase
chain reaction [3, 22, 59]. They include acute
retinal necrosis syndrome, progressive outer
retinal necrosis syndrome and CMV retinitis.

10.5.2.1.1
Acute Retinal Necrosis (ARN)

In 1971 Urayama and associates reported the
first six cases of presumed viral retinal necrosis
and called it unilateral acute uveitis with retinal
periarteritis and detachment [60]. The disease is
known in Japan as Kirisawa uveitis. Bilateral
forms were described later by Western authors.
Fisher et al. used the term “acute retinal necro-
sis” for the first time in 1982 [18]. Later studies
confirmed the role of VZV and HSV in the
pathogenesis of ARN. In 1994, Holland and the
American Uveitis Society unified the spectrum
of presumed herpetic retinopathies and defined
it as necrotizing herpetic retinopathies [32]. The
prevalence of ARN is nearly equal in both sexes.
The majority of cases occur in the s5th-7th
decades of life. Viral retinitis may occur congen-
itally,in newborns or in young children. It is still
not known why the disease was not reported be-
fore the 1970s. Both healthy and immunocom-
promised patients may develop ARN during
either primary or recurrent herpes virus infec-
tion. However, clinical presentation may vary in
severity.

The ARN syndrome is characterized by acute
primarily peripheral, necrotizing retinitis, reti-
nal arteriolitis and mild to severe vitritis. The
disease is usually unilateral and is known to be
caused by VZV, HSV, but rarely CMV. Recently,
studies from the United States and Japan point-
ed out the high frequency of VZV or HSV-2 in-
fection in cases of acute retinal necrosis [22,36].

The main clinical characteristics of ARN
syndrome were defined by the American Uveitis
Society and include: focal, well-demarcated ar-
eas of retinal necrosis located in the peripheral
retina (Fig.10.5), rapid, circumferential pro-
gression of necrosis, evidence of occlusive vas-
culopathy and a prominent inflammatory reac-
tion in the vitreous and anterior chamber [32].
Mild optic disk edema may be present early in
the course of the disease and increases progres-
sively. A granulomatous anterior uveitis with
secondary glaucoma may be associated. Retini-
tis progresses rapidly in the absence of treat-
ment, but classically spreads to the posterior
pole. An exudative retinal detachment occa-
sionally develops if inflammation is important
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Fig.10.5. Acute retinal necrosis syndrome in an im-
munocompetent patient with white retinal infiltrates
and few haemorrhages

and rhegmatogenous retinal detachment occurs
frequently in the absence of antiviral,and some-
times anti-inflammatory, therapy. Occasionally,
retinitis remains limited defining low-spread-
ing forms of retinal necrosis.

10.5.2.1.2
Progressive Outer Retinal Necrosis

This variant of herpetic retinopathy was first
described by Forster and associates [19]. It usu-
ally occurs in immunocompromised patients
and is characterized by a minimal non-granulo-
matous anterior uveitis without vitritis, associ-
ated with a fulgurant necrotizing retinitis start-
ing at the posterior pole and spreading toward
the peripheral retina. Foci of lesions become
rapidly confluent and involve the entire retina.
Unlike ARN syndrome, retinal vasculitis and
optic neuritis are less common, but retinitis is
often bilateral. The disease is quite severe and
visual prognosis is usually poor due to resist-
ance to antivirals and occurrence of retinal de-
tachment

10.5.2.1.3
Cytomegalovirus Retinitis

CMYV is one of the most puzzling members of
the Herpesviridae family. Ocular involvement
has been reported during congenital infection
and in patients with acquired immunodeficien-
cy syndrome (AIDS) [34]. Primary infection

during pregnancy is the major cause of in-
trauterine infection in developed countries,
with a mortality rate of 20 % and a risk of retini-
tis in 15% of children. Before the use of highly
active antiretroviral therapy (HAART) in AIDS
patients, CMV disease was the major cause of
blindness. CMV retinitis was observed late dur-
ing the disease and the risk was significant
when the level of CD4 lymphocytes dropped be-
low 50-100/mm3. In a small percentage of pa-
tients, CMV retinitis may be the first clinical
manifestation of AIDS. CMV retinitis is proba-
bly secondary to the passage of the virus across
the blood retinal barrier, when local defense
mechanisms are almost completely abolished.
Viral progression into the retina seems to occur
in a polarized manner. The internal blood-reti-
nal barrier is initially disrupted after primary
replication in endothelial cells, allowing viral
particles to reach retinal glial cells. CMV then
spreads towards the retinal pigment epithelium.
The retinal site of HCMV latency is still under
debate: retinal pigment epithelium or glial cells
are two putative candidates. CMV retinitis oc-
curs initially in the peripheral retina. Visual
complaints remain rare for a long period of
time. Systematic fundus examination should be
performed every 3 months if CD4 lymphocytes
counts are below 50/mm3. Active CMV retinitis
is usually diagnosed on ophthalmoscopic signs,
such as white fluffy areas of necrotizing retinitis
associated with haemorrhages and vascular
sheathing. Early CMV retinitis may begin with a
small, white retinal infiltrate. The lesion may
masquerade as a cotton-wool spot present in
HIV-related microvasculopathy. Fundus exami-
nation must be controlled in order to confirm a
putative CMV retinitis. Two distinct subtypes of
CMV retinitis have been described. The fulmi-
nant or edematous variant is the classic appear-
ance of disease (Fig.10.6). Dense, white conflu-
ent opacifications of the retina without any
central atrophic lesion occur usually along ves-
sels associated with retinal haemorrhages and
inflammatory vascular sheathing. The indolent
or granular variant of disease associates granu-
lar foci of retinal necrosis with a central atroph-
ic zone, fewer haemorrhages and less vascular
sheathing. The border of retinal necrosis is usu-
ally irregular in both variants, surrounded by
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Fig.10.6. PCR-proven CMV retinitis in a patient
with a previous history of macular toxoplasmosis

satellite infiltrates. The optic disk is rarely infil-
trated initially, but papillitis may be observed
when retinitis progresses toward the posterior
pole. Mild vitritis is associated with minor ante-
rior segment inflammation. Despite slow pro-
gression of retinitis, destruction of the entire
retina occurs within 3-6 months in the absence
of anti-CMV therapy. Cicatricial lesions are at-
rophic retina with vessel rarefaction. Fluores-
cein angiography may be helpful in complex
cases, when other differential diagnoses such as
retinochoroidal toxoplasmosis, candida en-
dophthalmitis, syphilitic retinitis, herpes sim-
plex and herpes zoster retinitis are suspected.

The administration of HAART to AIDS pa-
tients has dramatically changed the course of
CMV disease by improving the function of the
immune system and increasing survival [37 55]. If
CD4 cell counts increase after HAART, a benefi-
cial effect on viral recurrences may be observed
and anti-CMV maintenance therapy can be dis-
continued [69]. In patients presenting with previ-
ous areas of CMV retinitis before immune restitu-
tion under HAART, episodes of posterior uveitis,
vitritis, retinal vasculitis, papillitis and macular
edema have been reported [12, 38]. The patho-
physiology of disease, known as immune recov-
ery uveitis, remains controversial [57]. However,
personal data and results reported recently seem
to exclude viral replication and highlight an im-
mune reaction due to restoration of lymphocytes
recognizing chronically infected retinal cells ex-
pressing CMV antigens at their surface.

Fig.10.7. Atypical aspect of VZV-associated retini-
tis with diffuse retinal hemorrhages 2 weeks after an
episode of varicella

10.5.2.2
Non-Necrotizing Herpetic Retinopathies
(NNHR)

This entity was reported recently [10]. Molecu-
lar analysis applied to ocular fluids confirmed
the presence of herpes virus DNA in patients
presenting with different forms of chronic and
atypical posterior uveitis, such as Behget’s
disease, retinal vasculitis and birdshot retino-
choroidopathy. Non-necrotizing retinopathies
associated with haemorrhages have been de-
scribed (Fig. 10.7). The disease is usually bilater-
al. It is important to emphasize that all patients
with NNHR are corticoresistant or corticode-
pendent at a high level. The initiation of specif-
ic antiviral therapy improved ocular inflamma-
tion. Immunosuppressors were discontinued
and steroids were significantly tapered. Evolu-
tion under therapy is close to that observed in
herpetic keratouveitis and steroids cannot be
interrupted.

10.5.3
Differential Diagnosis

Despite the AUS criteria, diagnosis of ARN may
be difficult. Clinical presentations range from
focal to extensive retinal necrosis and the clini-
cal course ranges from mild to fulminating.
Moreover, in some patients the clinical findings
can be atypical and may not be clear enough to
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make a definitive diagnosis or to promptly initi-
ate an antiviral agent. The delay in diagnosis can
lead to loss of vision that could otherwise be
prevented. In addition, similar necrotizing re-
tinitis may also occur from nonviral infectious
agents, including Toxoplasma gondii, bacteria,
or fungi [21]. Other disease entities (namely,
retinal vasculitis, intraocular tumours, Behget’s
disease and sarcoidosis) can also present with
retinitis that mimics ARN. Thus, specific and
sensitive laboratory tests are necessary to con-
firm a diagnosis of ARN or the nonviral
retinopathies that present with features simu-
lating ARN. Toxoplasmic retinochoroiditis is
the most frequent disease simulating necrotiz-
ing viral retinopathies. When either a viral in-
fection or ocular toxoplasmosis is suspected,
aqueous humor analysis by PCR and the use of
the Goldmann-Witmer coefficient appear to be
the best methods for a final diagnostic confir-
mation. Results may also be obtained within
72h. Both antiparasitic and antiviral regimens
may be required until a final diagnosis is ob-
tained.

10.5.4
Putative Viral-Associated Uveitis

10.5.4.1
Irido-corneo-endothelial Syndrome (ICE)

ICE syndrome associates corneal involvement,
glaucoma and iris lesions. Endothelial abnor-
malities have been shown by specular mi-
croscopy. The presence of HSV-DNA has been
confirmed at the level of the corneal endotheli-
um [35], but also in the aqueous humor [27].

10.5.4.2
Posner-Schlossman Syndrome

Posner-Schlossman syndrome is strictly unilat-
eral associating a granulomatous anterior
uveitis with central KPs and secondary glauco-
ma. Posterior synechiae are absent. Intraocular
synthesis of anti-CMV antibodies was previous-
ly reported by Bloch-Michel and associates [7].
The disease is probably multifactorial and dif-
ferent entities must be considered. Antiviral

therapy based on acyclovir is not effective, but
anti-CMV drugs may prevent recurrences and
control ocular hypertension.

10.5.4.3
Fuchs Heterochromic Cyclitis (FHC)

Fuchs’ heterochromic iridocyclitis is frequently
diagnosed in young patients. The disease is usu-
ally unilateral even though bilateral cases have
been rarely reported. Pain and redness are ab-
sent. Small stellate keratic precipitates are uni-
formly scattered over the endothelium. Differ-
ent infectious conditions such as toxoplasmosis
have been described during FHC, but the puta-
tive role of a pathogen is still under debate. Re-
cently, Barequet et al. have analysed the aqueous
humor and the anterior capsule of the lens ob-
tained during cataract surgery in a patient with
FHC. HSV DNA was identified in the ocular
fluid but not in the lens capsule [5]. More specif-
ic data are needed before drawing further con-
clusions about the pathophysiology of the dis-
ease.

10.5.4.4
Vogt-Koyanagi-Harada Syndrome (VKH)

VKH is a multisystemic disorder involving eyes,
ears, skin and meninges. It appears to be con-
centrated in certain racial and ethnic groups.
The pathophysiology of VKH remains unclear.
A specific antigen-driven immune response
may occur in this disorder. However, the con-
cept that VKH is a viral-induced disease has
been attractive. EBV seems to be associated
with VKH but molecular data are still needed
before further conclusions are drawn [6]. Inter-
estingly, atypical forms of VKH may occur in
hepatitis C virus-infected patients treated with
alpha interferon.

10.6
Diagnosis

The diagnosis of herpetic intraocular inflam-
mation is initially based on the analysis of clin-
ical features. Laboratory tests can help the clini-
cian confirm the disease. However, more than
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75% of the population in developed countries is
seropositive for herpes viruses (HSV-1, VZV
and/or CMV). Therefore, routinely used sero-
logic testing is of little interest unless it shows
the presence of IgM and eventual seroconver-
sion. Confirmation of intraocular viral inflam-
mation with or without viral replication relies
on molecular techniques such as PCR [9, 64]. In
fact, it is quite difficult to isolate the viral agent
from ocular fluids in cell culture. This can be
done using ocular tissues but its success rate re-
mains quite low. The other method to confirm
disease is to ascertain intraocular antibody pro-
duction against different herpes viruses. The
amount of ocular fluids is a limiting factor to
performing diagnostic tests in patients with
suspected viral intraocular inflammation.

10.6.1
Obtention of Ocular Fluids

10.6.1.1
Anterior Chamber Paracentesis (ACP)

ACP seems to be safe, but it should be consid-
ered a surgical procedure and be performed by
an experienced ophthalmologist. It can be per-
formed at the slit lamp or under a microscope in
the operating room after instillation of topical
antibiotic and anaesthetic drops. Up to 0.2ml
can be obtained. In a retrospective study of 361
patients, Van der Lelij and Rothova reported no
serious complications, such as cataract, keratitis
or endophthalmitis after paracentesis [62]. Hy-
phema was reported in seven cases. The same
degree of safety was reported in another series

[65].

10.6.1.2
Vitreous Tap/Vitrectomy

Vitreous fluid analysis has to be considered in
both inflammatory conditions that do not re-
spond to treatment and in masquerade syn-
dromes. Diagnostic vitrectomy can be associat-
ed with therapeutic vitrectomy, especially with
a hazy vitreous. This procedure is more compli-
cated than ACP, but provides a larger amount of
material for analysis. It is mostly performed in

the operating room using a surgical microscope
with subtenon or peribulbar anesthesia. During
three-port vitrectomy, 0.5-1 ml of undiluted vit-
reous can be aspirated initially. Retinal detach-
ment remains a possible complication of vitre-
ous biopsy or vitrectomy, but the incidence is
particularly low. Viruses are difficult to culture,
especially when the amount of the inoculum is
limited, as with ocular fluids. Moreover, stan-
dard shell vial culture is frequently negative af-
ter antiviral treatment. The sensitivity of PCR
for detection of virus is superior to culture and
to evaluation of specific intraocular antibody
production.

10.6.2
Herpes Viruses

10.6.2.1
Herpetic Uveitis

Clinical presentations are usually well defined.
Among herpetic eye diseases, unilateral anteri-
or uveitis with sectoral iris atrophy in the ab-
sence of keratitis is a distinct entity mostly re-
lated to HSV and less frequently to VZV [61].
PCR has been used to identify viral genomes in
the aqueous humor (AH) of patients with previ-
ously well-known uveitis entities. Posner-
Schlossman syndrome and Fuchs hetero-
chromic cyclitis are two different examples but
there is also a report of the iridocorneoen-
dothelial syndrome [5, 27]. However, there have
been many cases of Posner-Schlossman syn-
drome, Fuchs cyclitis and iridocorneoendothe-
lial syndrome where HSV DNA could not be
found in the AH. These results are suggestive,
but further information is required before
drawing any conclusions.

10.6.2.2
Necrotizing Herpetic Retinopathies (NHR)

Acute retinal necrosis (ARN), progressive outer
retinal necrosis (PORN) and cytomegalovirus
retinitis are well-defined entities. Diagnosis is
quite unequivocal when the clinical presenta-
tion is typical, but fundus examination can be
difficult in the presence of cloudy media. Cun-
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ningham et al. reported the first two cases of
AIDS-associated herpetic retinitis, confirmed
by PCR and restriction analysis of the vitreous
biopsy [14]. The amount of herpes virus DNA,
detectable by PCR techniques in ocular fluids of
patients without ocular inflammation in a con-
trol study published by Pendergast et al., ap-
pears to be quite low [53]. Therefore, the authors
suggest that a positive result obtained in a pa-
tient presenting with vitreoretinal inflamma-
tion should be regarded as significant. In 1991,
Fox et al. confirmed by PCR the presence of
CMYV genome in the AH, vitreous and subretinal
fluid of patients with a clinical diagnosis of
CMYV retinitis [20]. Ganatra et al. used PCR to
confirm the diagnosis of ARN in 30 eyes of 28
patients [22]. Viral genome was identified in
96.5% of cases. Moreover, viral identification
showed that VZV and HSV-1 retinitis are more
common in patients older than 25 years, where-
as HSV-2 retinitis occurs in younger patients.
HSV-2-associated ARN is highly prevalent in
Japan [36]. Serologic tests may be less specific
than PCR in discriminating HSV-1 and HSV-2
retinitis. Results of other series show the impor-
tance of PCR in the diagnosis of atypical viral
retinitis [40]. PCR can be the first step for mo-
lecular epidemiology of viral retinitis. About
25% of VZV strains in Japan carry a mutation
lacking the PstI recognition site. Kumano et al.
have detected a VZV genome with a PstI site
from the AH of a Japanese patient with ARN
[41]. There is a putative polymorphism among
VZV strains in patients with ARN. More recent-
ly, Mochizuki et al. showed that there is no clin-
ical difference related to the presence of the PstI
recognition site [49]. Viral amplification and
subsequent sequencing are promising in defin-
ing correlations based on molecular virology
and polymorphism. VZV seems to be the prin-
cipal agent of atypical necrotizing herpetic
retinopathies [23]. Despite aggressive antiviral
therapy, the clinical course of NHR is variable
and complications can lead to blindness. Viral
analysis of ocular fluids allows the determina-
tion of risk factors. Abe et al. estimated the
number of VZV copies in the AH and vitreous of
patients with ARN by PCR and semi-nested
PCR. The number of virus copies seems to be
higher in elderly or immunocompromised pa-

tients [1]. Severity of retinal necrosis may be due
to the implication of different viral strains [2].
Antiviral treatment is less efficient in these cas-
es and the visual outcome remains poor. The
same group has shown that different VZV
strains participate in ARN. Analysis of the R1
variable region of VZV may help determine the
viral strains associated with more fulminant
types of ARN. Multiple viral infections may oc-
cur in immunodeficient patients, mimicking
leukemic infiltration of the eye [45]. Viral iden-
tification may show point mutations in the
ULg7 gene of CMV amplified after vitreous
biopsy in patients with ganciclovir-resistant re-
tinitis. Results can be compared with extraocu-
lar CMV isolates [46].1In 1999, Smith et al. inter-
estingly showed that CMV retinitis activity can
be evaluated by the level of CMV DNA obtained
by quantitative PCR applied to ocular fluids
[56].

Prospective studies to evaluate PCR results,
clinical evolution, and treatment are needed to
corroborate the real value of PCR in the diag-
nostic and therapeutic management of viral
retinitis.

PCR may often be negative due to prior an-
tiviral treatment. Thus, alternative techniques
have been developed, among which analysis of
the coefficient of immunological burden is most
frequently applied. Theoretically, one should
use both methods in association [15].

10.6.3
Search for Antiviral Antibodies

This type of analysis was the method of choice
in numerous institutes until the advent of tech-
niques of molecular biology. Serology by immu-
noenzymatic (ELISA) and radioimmunological
techniques allows the assessment of antibodies
in 40-s0pl of aqueous humor or vitreous.
However, the presence of intraocular specific
antibodies does not necessarily correspond to a
local synthesis, but may also reflect passive an-
tibody passage across the blood-ocular barrier
ruptured by inflammation. In order to confirm
local synthesis, a coefficient of immune burden
must be evaluated by comparing ocular and
serum antibody levels. This is the Witmer-Gold-
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mann C coefficient also used for the diagnosis
of ocular toxoplasmosis. This remains a labo-
rious technique. Several groups use a variant of
the C coefficient by calculating the ratio of anti-
body for a given virus in aqueous humor and
serum. This ratio is then compared to that of an-
other virus to which the patient is immune, but
which is not responsible for the ocular disease.
The measles virus is regularly used for this pur-
pose.

10.7
Treatment

The therapeutic strategy of viral ocular inflam-
matory disorders includes associations of an-
tiviral, anti-inflammatory and anti-glaucoma-
tous medications. All anti-herpes virus drugs
available today are virostatic and cannot steril-
ize retinal cells. Relapses may occur especially
in the absence of antiviral prophylaxis.

10.7.1
Anterior Uveitis

No codified treatment has been used on clinical
trials. Topical antiviral therapy is of little bene-
fit during viral anterior uveitis and keratou-
veitis. Acyclovir and valacyclovir are active on
herpes simplex and varicella zoster virus but in-
active on other herpes viruses. Oral administra-
tion of antivirals is proposed in the majority of
cases. In immunocompetent patients, treatment
of herpes zoster ophthalmicus in the first 3 days
is able to reduce the occurrence of keratouveitis
and uveitis from 50% to 29 % [30]. Intravenous
acyclovir (10 mg/kg per day) may be proposed
occasionally in severe forms of anterior uveitis
and must be proposed to all immunocompro-
mised hosts. It is important to respect a 48-h pe-
riod of antiviral therapy before proposing topi-
cal corticosteroids during herpetic uveitis.
Anti-inflammatory therapy should be started
with high dose topical dexamethasone for a pe-
riod of 8-10 days followed by a gradual tapering
to be evaluated on an individual basis when in-
flammation is stabilized. Subconjunctival injec-
tions of steroids may be initially proposed in se-

vere forms of anterior segment inflammation.
Interestingly, oral prednisone is not necessary
in the majority of cases. Previous studies have
shown the importance of long-term topical low-
dose corticosteroids associated with low-dose
oral acyclovir. Improvement of uveitis may be
monitored clinically but also by laser flare pho-
tometry. The duration of antiviral prophylaxis
remains controversial, but it must be continued
as long as steroids are used. Interesting results
reported in patients with herpetic kerato-
uveitis must be taken into consideration [29].
Cycloplegics should be given to all patients at
the acute phase. Secondary glaucoma is usually
controlled with topical medications, but sur-
gical management may be necessary in the ab-
sence of significant efficacy. Analogues of
prostaglandins should be avoided. Cases of her-
petic uveitis in humans or experimental models
have been reported when these drugs were used
(39, 67].

CMV-associated anterior uveitis is resistant
to acyclovir. Infection can be controlled with in-
travenous ganciclovir or foscarnet [47]. Valgan-
ciclovir may be proposed in order to avoid in-
travenous administration. Our personal data
show that 1 month of antiviral therapy is neces-
sary to control anterior segment inflammation
and glaucoma. Topical steroids are progres-
sively tapered. Further clinical monitoring is
mandatory and consecutive paracentesis may
be necessary when relapses occur. Cycloplegics
and anti-glaucomatous medications are neces-
sary.

Treatment is highly controversial in patients
with EBV-associated uveitis. Most antivirals
have no effect on EBV and ocular disease is
mostly self-limiting. Local and systemic steroids
have been proposed, but their use may present a
risk of chronic inflammation with sight-threat-
ening complications. Cidofovir may be pro-
posed but cases of anterior segment inflamma-
tion and nephrotoxicity limit its use. Alpha
interferon has antiviral and immunomodulato-
ry effects and may be proposed in severe cases.
Patients should be monitored for hematotoxici-
ty and hepatotoxicity.
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10.7.2
Viral Retinopathies

Necrotizing retinopathies represent a diagnos-
tic and therapeutic challenge. In such cases,
ARN is usually suspected, since it carries a poor
visual outcome and a high rate of complica-
tions, such as rhegmatogenous retinal detach-
ment.

10.7.2.1
Acute Retinal Necrosis

Antivirals represent the major tools in the treat-
ment of viral retinopathies. Any delay in the ini-
tiation of antiviral therapy may be dangerous
for the visual outcome of the patient. Despite a
few reports on the efficacy of oral valacyclovir,
intravenous administration of acyclovir re-
mains the classical approach. It is effective
against HSV and VZV. Close monitoring of the
retina is necessary in order to confirm antiviral
efficacy. Lesions must be stabilized after a mean
period of 48h. In resistant cases, more aggres-
sive antiviral therapy should be initiated based
on intravenous foscarnet or ganciclovir. Associ-
ations are recommended and intravitreal in-
jections of ganciclovir seem to be efficient,
especially in immunocompromised patients. In-
travenous antiviral therapy must be proposed
for a period of 14-21days, after which 4 g daily
acyclovir or 3 g daily valacyclovir is necessary
for an additional period of 1-3 months before
regular tapering. The total duration of antiviral
therapy is controversial but long-term therapy
is the only possible way to avoid further relaps-
es, especially in patients with monophthalmus
status. After antiviral therapy, infection of the
fellow eye is reduced from 70% to 13% in the
first year [52].

Anti-inflammatory molecules are still under
discussion in ARN syndrome. Vitritis and reti-
nal vasculitis are due to secondary inflamma-
tion and not to cytopathic effects. The use of an-
tivirals without the management of secondary
inflammation may control viral inflammation
with irreversible inflammatory macular or optic
nerve damages. However, ophthalmologists
should be aware of a possible activation of virus

by corticosteroids leading to increased viral
replication and further ocular complications.
Corticosteroids should not be administered in
the absence of antivirals. Steroids have been
used in different atypical cases of ARN syn-
drome when the diagnosis was unknown for a
few days or weeks, inducing major complica-
tions leading to blindness despite further ag-
gressive antiviral therapy. This highlights the
importance of a rapid confirmation of a viral
agent and initiation of antiviral therapy. Steroids
may be initiated at o.5-1mg/kg/day with pro-
gressive tapering. In some cases, intravenous
pulses of methylprednisolone are administered
during the first 3days, then relayed with high
dose oral prednisone. Steroids are not indicated
in immunocompromised patients. The effects of
anticoagulants and aspirin on occlusive vascu-
lopathy and vasculitis remain controversial.
Their influence on the course of the disease is
not clear. Anti-inflammatory treatment of ante-
rior segment uveitis is usually effective.

Retinal detachment may occur in patients
with viral retinitis [68]. Rapidly initiated antivi-
ral and anti-inflammatory strategies may avoid
retinal detachment in the majority of cases.
Retinal detachment occurs in more than 75 % of
untreated cases within a period of 12weeks
from the onset of retinitis. Scleral buckling, pars
plana vitrectomy and long-term internal tam-
ponade with silicone oil allow good anatomic
success but visual function remains impaired
after macular detachment or optic neuropathy.
Retinal detachment prophylaxis has been evalu-
ated [28]. Laser photocoagulation may be effi-
cient in the presence of peripheral retinal tears.
Anti-inflammatory therapy before photocoagu-
lation is important for reducing vitreoretinal
tractions.

10.7.2.2
CMV Retinitis

More than other viral retinopathies in immuno-
compromised patients, the therapeutic manage-
ment of patients with CMV retinitis requires
close collaboration between ophthalmologists
and infectious disease physicians. Multiple anti-
CMV strategies have been proposed since the
beginning of AIDS.
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In AIDS patients, the immune status should
be improved with the introduction of highly ac-
tive antiretroviral therapy (HAART), combin-
ing reverse transcriptase inhibitors and an-
tiprotease medication. In an average period of
3 months, the CD4+ cell count is increased and
the level of HIV replication is significantly re-
duced. The prevalence of all opportunistic in-
fections, especially CMV retinitis, has dramati-
cally decreased since the introduction of
HAART. Before immune reconstitution, CMV
retinitis should be treated with systemic or local
anti-CMV medications [34].

Ganciclovir (DHPG), valganciclovir, foscar-
net and cidofovir are the major anti-CMV mol-
ecules available. Treatment is based on an
induction course of 3-4weeks’ duration. Gan-
ciclovir or foscarnet is administered at, respec-
tively, 5-10 mg/kg per 12h and 9o-120 mg/kg
per 12h. Fundus examination is performed to
confirm viral control before proposing main-
tenance therapy at s-10mg/kg/day and go-
120 mg/kg/day, respectively. The total duration
of maintenance therapy is not clearly defined.
However, it should be followed until immune
reconstitution, which may take more than
3months. For any relapse, a new induction
course is started until complete cicatrization.
Ganciclovir, as the first anti-CMV drug, was in-
troduced in 1984. Hematotoxicity is the main
side effect and neutropenia may be controlled
using granulocyte colony-stimulating factor
(G-CSF). Oral ganciclovir was proposed for
maintenance therapy before the introduction of
valganciclovir. The biodisponibility of the latter
is excellent and allows better compliance, giving
a possibility for induction or maintenance regi-
mens. Foscarnet requires intravenous adminis-
tration and nephrotoxicity is its main side ef-
fect.

Because of their inconvenience when admin-
istered intravenously, cidofovir was proposed
during the late 1990s. The drug was given IV
weekly during the induction phase and every
2weeks during the maintenance therapy. How-
ever, nephrotoxicity is still a major side effect,
requiring probenecid and hydration. Anterior
uveitis (Fig.10.8) and hypotony remain the
main problems observed today in patients with
immune reconstitution and controlled CMV

Fig.10.8. Non-granulomatous anterior segment in-
flammation in an HIV-infected patient treated with
cidofovir for CMV retinitis

disease but presenting complications such as
phtysis bulbi.

Local anti-CMV therapy has been developed
in patients who cannot tolerate prolonged intra-
venous therapy. However, local therapy will not
control systemic CMV disease. Intravitreal in-
jections of ganciclovir may be associated with
oral valganciclovir. Intravitreal injections of
ganciclovir may be performed twice and once
weekly for the induction and maintenance
phases, respectively. Intravitreal administration
of cidofovir has major side effects such as hy-
potony and uveitis and is no longer recom-
mended.

The ganciclovir intraocular implant was a
sustained-release device providing continuous
high intraocular levels of the drug. Relapses
were significantly inhibited and progression of
retinitis occurred after 221days with the im-
plant and 71days with intravenous ganciclo-
vir. The mean duration of drug delivery is
6 months. Due to the dramatic decrease of CMV
retinitis in patients on HAART, since 2003 the
implant has no longer been manufactured.

Another promising strategy based on anti-
sense molecules has been used since just after
the introduction of HAART. Fomivirsen is an
antisense oligonucleotide that inhibits viral
replication. Its use has been limited by the de-
crease incidence of CMV retinitis and the devel-
opment of more convenient antiviral strategies.

In the pre-HAART era, visual morbidity was
substantial [31]. However, ocular complications
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have been reported in the HAART era despite
healed CMV retinitis [26].

Retinal detachment is a possible complica-
tion of CMV retinitis. In the pre-HAART era, the
incidence was estimated at between 18% and
29 %. Multiple or single holes, as well as micro-
holes, were observed in areas of retinal necrosis
leading to complex retinal detachment. Recur-
rences seem to occur after exclusive external
surgical procedures. Vitrectomy, localized scler-
al buckling, endophotocoagulation and silicone
oil tamponade allow good anatomic results.
Poor functional outcome is related to an optic
nerve vascular disease or the size of retinal
necrosis.

10.7.2.3
Immune Recovery Uveitis

Inflammation plays a major role in the develop-
ment of IRU. Systemic or periocular injections
of steroids are the main therapeutic strategies
to reduce ocular inflammation (Fig.10.9) but
must be administered under clinical control of
HIV load and CD4+ cell counts.

10.7.2.4
Non-Necrotizing Herpetic Retinopathies

Atypical forms of posterior uveitis may be asso-
ciated with viral replication. High dose steroids
and conventional immunosuppressors fail to
control ocular inflammation. After viral confir-
mation, the use of intravenous acyclovir or oral
valacyclovir reduces inflammation and allows
the discontinuation of immunosuppressors.
However, low-dose oral prednisone is necessary
in the majority of cases. Alpha interferon may
be proposed in severe cases.

Summary for the Clinician

e The implication of herpes viruses in ocular
inflammatory diseases has been recently
characterized by the use of molecular
techniques applied to ocular fluids

e Herpes viruses are highly adapted oppor-
tunist agents that use several ways to evade
immune regulation and to establish latency

o The status of the host’s immune system
largely defines the outcome of viral infec-
tions and their complications

Fig.10.9.a,b Fluorescein
cystoid macular oedema during immune recovery
uveitis (a). Improvement is seen 1month after peri-

angiography showing

ocular subtenon injections of triamcinolone ace-

tonide (b)
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Emerging entities have been reported

and the spectrum of viral-induced diseases
involving the eye has been enlarged
Systemic specific antiviral drugs should be
proposed rapidly in order to control viral
replication before the use of corticosteroids
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Cytomegalovirus and the Eye

MARc D. DE SMET

e Cytomegalovirus (CMV) retinitis is less
common than prior to the introduction of
highly active anti-retroviral therapy
(HAART) in AIDS patients. However,
it remains an important AIDS defining
infection

e Choice of therapy and length of use
is dependent on the response to HAART
therapy, and time since its introduction

e Elimination of maintenance therapy
is possible when the CD4 count is above
100 cells/pl with a sustained increase
and the patient is on HAART for at least
6 months

e Some patients will develop recurrent
disease despite high CD4 counts

e CMV may be present in other immuno-
suppressive states and require sustained
therapy

11.1
Introduction

In immunosuppressed patients, or those having
specifically lost their cellular immunity against
the cytomegalovirus (CMV) virus, a retinal in-
fection can develop. In the 1980s and early 1990s,
CMYV retinitis was a common cause of blindness
in AIDS patients. Its incidence has dramatically
decreased in the last few years in large part due
to the introduction of highly active anti-retrovi-
ral therapy (HAART). HAART has also led to a
new syndrome of HAART associated ocular in-
flammation which might be related to the pres-
ence of CMV antigens in the eye.

CMV is not only found in AIDS patients, but
can be found in any immunosuppressed pa-
tients. Usually witnessed while the patient is un-
der active immunosuppression, we have recent-
ly become aware that even a history of past
immunosuppresion may be compatible with the
late occurrence of active CMV retinitis, without
any overt signs of immunodeficiency.

11.2
Populations at Risk

Screening, treatment, and follow-up protocols
are dependent on the origin and nature of the
disease. CMV retinitis is seen in two particular
settings as an AIDS related infection, or as a
result of immunosuppression. Both populations
present certain characteristics of incidence and
risk.

11.2.1
HIV Associated Immunosuppression

CMV was among the most common oppor-
tunistic infections in patients with AIDS. Prior
to HAART, CMV retinitis accounted for 75-85%
of cytomegalovirus disease in patients with
AIDS, with an estimated lifetime risk of CMV
retinitis of 30% [1]. Since the introduction of
HAART, the incidence of CMV retinitis has
dropped by 80%, and has stabilized at about
15 % of the population at risk, mainly as an AIDS
defining infection.

The only reported systemic factor signifi-
cantly associated with CMV retinitis is a low
CD4+ T-cell count. The prevalence rate of CMV
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retinitis in AIDS patients with a CD4+ T-cell
count <50 cells/pl is estimated at 30% and pa-
tients with a CD4+ T-cell count >100 cells/pl are
felt to be at very low risk [2]. In the setting of
HAART therapy, screening and/or treatment
should continue for 3-6 months after a rise in
CD4 count, as the recovery of specific immunity
lags behind the recovery of CD4+ T-cell counts.
Thereafter when the rise in CD4+ cells is sus-
tained with a low HIV mRNA load, it is possible
to consider withdrawal of anti-viral treatment
(3, 4].

Withdrawal may be unsuccessful or risky in
the following three settings. (1) Some patients
have a persistent deficiency in specific anti-
CMV CD4+ cells. These patients are at risk for
persistent and recurrent ocular disease despite
high CD4+ T-cell counts [5]. Frequent follow-up
will be required. (2) Some patients will fail
HAART therapy due to drug intolerance or the
development of viral resistance. In these pa-
tients, if they were retinitis free for some time,
the risk of retinitis recurrence is low but has
been reported [6]. Systemic anti-CMV titres
may be of some help in follow-up [7]. (3) In
some patients, HAART treatment is insufficient
to maintain an increased immunologic re-
sponse. These patients are at high risk of per-
sistent ocular disease. While ocular disease can
be controlled by local means, survival will be
significantly improved by systemic anti-CMV
therapy [8].

Summary for the Clinician

e CD4+ counts below 50 cells/pl indicate
a high risk for CMV

e CD4+ counts above 100 cells/pl indicate
alow risk for CMV

11.2.2
Immunosuppression in Non-HIV Settings

Patients being immunosuppressed for organ
transplantation are at a high risk of CMV infec-
tion. Initially, these patients are carefully fol-
lowed for the development of systemic CMV
antigenemia, and are given when needed pro-
phylactic treatment with antivirals. In patients
with increasing CMV titres, particularly those

at high risk for CMV infection, retinitis may de-
velop in spite of these measures. Usually symp-
tomatic, they may require prolonged treatment
[9]. CMV may manifest itself at a later time,
even 1-2years after stopping immunosuppres-
sives [10]. When CMV develops, its clinical
course and manifestations are indistinguishable
from early disease. It is not associated with tra-
ditional risk factors. A female preponderance
has been suggested due to a hormonal predis-
position. Clinical awareness and adequate pa-
tient instructions are most commonly used to
detect this late CMV manifestation. In some
centers, an extended antigenemic surveillance
program has allowed detection of late disease
[10,11].

Another group at increased risk are patients
with autoimmune disease, particularly collagen
vascular diseases requiring intensive immuno-
suppression. CMV may develop with any im-
munosuppressive, including cyclosporine or
tacrolymus, but is particularly associated with
the use of cyclophosphamide, which has a gen-
eralized action on T and B cells. Patients who
are lymphopenic, with low CD4 and or CD8
counts, are at particular risk. While there is
often a temporal relationship to recent cy-
clophosphamide use, this is not always the case
as patients may develop an active retinitis even
months later [12]. These patients usually present
with a generalized reduction of their cellular
immunity sometimes related to the use of other
medications such as antiviral agents.

Summary for the Clinician

e Stop or reduce immunosuppression
to recover specific immunity to CMV

e In post-transplant patients, and collagen
vascular disease, late CMV may occur
months after stopping severe immunosup-
presive therapy.
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11.3
Appearance and Course

CMYV retinitis has a fairly characteristic appear-
ance which varies slightly depending on its lo-
cation in the eye. Initially, infected retinal tissue
is transparent, but as viral replication increases
within infected cells, the translucency is lost and
is replaced by a white lesion. This gives CMV its
characteristic appearance: a white granular reti-
nal infiltrate, often in the form of a brushfire
border (Fig. 11.1). High levels of viral replication
ultimately lead to cell death, leaving in its wake
a zone of diaphenous thinned atrophic retina.
The retinal pigment epithelium (RPE) is also af-
fected, resulting in a granular, speckled RPE.
Limited areas of fibrous proliferation, even
calcification are occasionally seen within the
area of atrophy. Invariably, the retinal vessels
are attenuated in the atrophic areas, as the oxy-
gen requirement in these areas is limited
(Fig.11.2).

11.3.1
Manifestation Prior to Initial Treatment

Often asymptomatic, CMV retinitis may be as-
sociated with a complaint of increasing floaters.
If the disease is present centrally, it will lead to a
permanent noticeable decrease in vision. Most
CMV lesions do not start in the fovea, but are
initially found somewhere in the peripheral
retina, or along the arcades. In AIDS patiens not
receiving HAART, untreated CMV retinitis will
progress at 750 pm/week [13]. In other immuno-
suppressed patients, the progression rate is less,
and is related to the level of immunocompe-
tence. Bilaterality at presentation is common in
AIDS patients, with one eye being more severe-
ly affected. In young children, the first eye is of-
ten blind at presentation, unless these children
were part of a well established screening pro-
gram. The extent of initial disease appears to
have some prognostic implications with regards
to response to treatment and risk of recurrence
[14].

Initially, CMV lesions present as small white
infiltrates, which are often difficult to distin-

Fig.11.1. This image depicts a typical active CMV
lesion which consists of a peripheral atrophic retina,
followed by a white active lesion, more or less conflu-
ent. Small satellite lesions are often found in normal
retina ahead of the active frond

Fig.11.2. Following treatment, there is a sharp de-
marcation between normal and abnormal retina.

guish from a cotton wool spot (Fig.11.3) [15].
However, with time the CMV lesion will grow
centripetally, leaving in its wake atrophic retina.
When lesions develop close to, or within, the ar-
cades, they are often associated with retinal
haemorrhages, while in peripheral lesions these
haemorrhages are absent (Fig. 11.4). Satellite or
skip lesions at the leading edge of the active in-
filtrate are a common feature. This leading edge
varies in diameter but can reach 500-700 pm.
Retinal edema, characteristic of zoster infec-
tion, is absent.
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Fig. 11.3. Initial small
CMV lesions can be diffi-
cult to distinguish from
cotton wool spots or
small areas of atrophy.
However, without treat-
ment, they increase in
size over a few weeks.
Photographic documen-
tation facilitates follow-
up as in this case which
demonstrates progres-
sion of a CMV lesion
over a 3-week period

11.3.2
Manifestations Under Therapy

Treatment will lead to a progressive decrease in
the diameter of the leading edge, though exten-
sion in the initial 2 weeks is to be expected as vi-
ral replication in already infected retina leads to
opacification of the retinal tissue. A progression
of 750 pm or more is not incompatible with an
adequate response. Response to treatment will
be visible only after 1-2weeks of treatment.
Once the acute infection resolved, a sharp edge
will appear between healthy and atrophic reti-
na.

Recurrences in AIDS patients under mainte-
nance therapy, or in the setting of a partially
functional immune system, may show little evi-
dence of activity. The leading edge creeps pro-
gressively closer to the fovea (Fig. 11.5). Diagno-
sis of such progression necessitates a sharp
clinical acumen, or preferably a close compari-
son of the current clinical picture to fundus
photos taken some time before. If photos can-
not be taken, the chart should document the
relationship between the leading edge of the
lesion and neighbouring landmarks such as
vessels.

Fig.11.4.a,b Central CMV retinitis (a) is often associated with more hemorrhage than peripheral lesions (b)
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Fig.11.5. Anti-viral therapy can allow progression
to occur without any significant border activity. A
thin zone of reactivation associated with a larger at-
rophic zone is the only sign of ongoing activity in
these patients. Photographs were taken 1 month apart

Summary for the Clinician

o In treated patients, CMV retinitis may
remain active as a “brush fire” border

e Thelong-term follow-up is provided by
photographic documentation with a
panoramic set of photos of the whole retina

11.3.3
Differential Diagnosis

In its classical presentation, CMV retinitis is
easy to diagnose. However, it may simulate (or
be masked by) a number of ocular conditions
from which it can be distinguished by its pres-
entation, time course, or response to treatment.

When CMV retinitis starts adjacent to a
blood vessel, it can either cause a vascular oc-
clusion with the typical arcuate haemorrhages
seen along the course of an occluded branch
retinal vein (BRVO), or it may present as a frost-
ed angiitis. In the latter case, the vessels show

extensive sheathing extending far into the pe-
riphery [16]. There may be little associated re-
tinitis, but in the course of the subsequent week,
along the edge of the major vessels, the typical
white leading edge of retinitis will appear. In
BRVO, there is usually a distinguishable focus of
retinitis close to the site of occlusion. Here on
fluorescein angiogram, the central area of
necrosis will be surrounded by a zone of hyper-
fluorescence, and may help differentiate the
lesion from a simple vein occlusion.

Patients may also present with a zone of ac-
tive retinitis adjacent to the optic nerve. Differ-
entiating this lesion from an optic neuritis may
be difficult. The optic nerve head often will be-
come hyperemic, but vision and visual fields are
usually preserved until the optic nerve becomes
infected with CMV [17]. Rapid initiation of ther-
apy is required. Optic neuritis may be a mani-
festation of other viral infections such as zoster
retinitis where rapid initiation of therapy is also
required [18, 19]. Often these patients have a
more significant visual impairment or have oth-
er manifestations of disease.

There is usually little difficulty in differenti-
ating CMV retinitis from other ocular infec-
tions. Zoster retinitis presents as a confluent
peripheral retinitis with considerable retinal
edema. In immunocompetent patients, there is
usually severe vitreous inflammation, an un-
usual manifestation in AIDS patients. A more
common diagnostic problem is the differentia-
tion of toxoplasmosis from CMV, which in AIDS
patients can present with a similar white granu-
lar lesion. This lesion is usually static, and will
show no response to antiviral treatment. Note
that some patients will present with several con-
current infections, which all require treatment if
vision is to be preserved [19]. Luckily such cases
are rare. Diagnostic tests can be of some help in
such cases.

Summary for the Clinician

¢ Toxoplasmosis may mimic a CMV lesion
in AIDS patients

e CMV may be associated with BRVO,
optic neuritis

e Early CMV lesions can mimic a cotton
wool spot
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11.34
Investigations

It will generally not be necessary to confirm the
diagnosis with diagnostic tests. The most useful
approach is to combine the measurement of oc-
ular antibody production with PCR for CMV
genome [20, 21]. Ocular antibody production
against CMV is compared to serum levels. A
Goldman-Witmer coefficient above 3 is indica-
tive of active antibody production. Several sub-
types should be analysed simultaneously (IgM,
IgG and IgA) as any one of them could be elevat-
ed. While PCR is most likely to be positive in
most CMV infections [22], if there is little in-
flammation present in the anterior chamber, it
may be negative. The highest sensitivity is ob-
tained by combining both techniques.

Viral CMV loads in serum do not appear to
correlate with ocular disease progression,
though its presence indicates the presence of ac-
tive disease [23]. Subtyping can be of use if the
lesions does not seem to respond well to treat-
ment, or if drug resistance is common in your
patient population. Subtyping to aimed at iden-
tifying ganciclovir resistant strains which may
indicate an increased risk for retinitis progres-
sion [24].

Table 11.1. Dosing requirements of anti-CMV drugs

11.4
Therapeutic Agents

11.4.1
Ganciclovir

Ganciclovir is the antiviral drug most widely
studied for the treatment of CMV retinitis and
is effective when administered by intravenous,
intravitreal, or oral routes, or when released in
the pars plana from a slow release implant. The
systemic route is associated with neutropenia,
which limits its use.IV it is associated with local
infections in a substantial number of patients
(20% of patients in one study), while the oral
route has a low bioavailability, limiting it to
maintenance therapy. Oral ganciclovir can lead
to gastric intolerance, its main advantage at
present is its ability to prolong survival in pa-
tients unresponsive to HAART, and in whom the
eye is protected by local therapy [25]. Intravitre-
al injections can lead to local control in a high
number of patients with a low risk of endoph-
thalmitis provided adequate antisepsic meas-
ures are taken at the time of injection [26,27]. As
initial therapy, it should be given twice a week
(standard dose of 200 pg). Maintenance is given
on a weekly basis. By increasing the dose to 2
mg, it is possible to delay repeat injections to
once every 2 weeks (Table11.1) [28].

Ganciclovir [47] 5mg/kg IV

5mg/kg IV
or [28] 200-2000 pg IO in 0.1 ml
or [30] Intraocular implant
or [48] 1,500 mg p.o.
Valganciclovir [31] 900 mg p.o.

900 mg p.o.
Foscarnet [13] 90 mg/kg IV

60 mg/kg IV
Cidofovir [49] 5mg/kg IV

3-5mg/kg IV
Fomivirsen [41] 330 pg IO

330 pg IO

I-2x/day Myelosuppression
M-1x/day

Weekly

Every 8 months

M-3x/day

I-2x/day Myelosuppression
M-1x/day

I-3x/daily Nephrotoxicity
M-3x/day

I-1x/week x2 Nephrotoxicity

M-Q 2 weeks Hypotony, AC uveitis
I-1x/week Uveitis increased IOP
M-1x/month
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The intravitreal implant capable of releasing
drug for up to 8 months has been very popular
in North America. It is associated with a high
local response rate even in cases of systemic
resistance to ganciclovir [29, 30].

11.4.2
Valganciclovir

Valganciclovir is a monovalyl ester prodrug of
ganciclovir that when administered orally is
rapidly hydrolysed to the active compound
ganciclovir. The absolute bioavailability of gan-
ciclovir from valganciclovir is 60%. With an
oral valganciclovir dose of 9oo mg, given twice
daily the same systemic levels of ganciclovir are
achieved as with IV administered ganciclovir. In
a randomized controlled clinical trial, oral val-
ganciclovir was found to be as effective as intra-
venous ganciclovir for induction and mainte-
nance therapy without having the incon-
venience of IV ganciclovir. The side effects due
to valganciclovir are identical to those of ganci-
clovir [31]. It is now the drug of choice for first
line therapy.

1143
Foscarnet

Foscarnet is the second most common treat-
ment for CMV retinitis. This agent is usually
given intravenously. It is not metabolized intra-
cellularly as is ganciclovir. Thus, dosing must be
given fairly frequently to ensure steady state in-
traocular concentrations [13]. It is not myelotox-
ic, but requires extensive hydration to prevent
renal toxicity. As with ganciclovir, prolonged
use can lead to the development of resistant
strains, at a similar incidence rate [32]. When ef-
fectivity drops, a switch to an alternate treat-
ment is needed, or one can consider the com-
bined use of foscarnet and ganciclovir. These
act synergistically [33, 34]. Unfortunately, this is
a temporizing measure rather than a long-term
solution, as the patient will suffer from the tox-
ic effects of both drugs. One might consider us-
ing IV foscarnet combined with intraocular
ganciclovir in this situation, if no other alterna-

tive is available. An intravitreal formulation also
exists but requires frequent administrations to
maintain effectivity [35].

11.4.4
Other Agents

Among the other drugs that can be used to treat
CMV retinitis, one should mention cidofovir,
and fomivirsen. Cidofovir is an acyclic nucleo-
side phosphonate which does not require a
virus encoded phosphorylation step as does
ganciclovir [36]. It is a very potent anti-CMV
compound which can be given on a less fre-
quent basis than ganciclovir or foscarnet. It is
effective in cases of retinitis relapsing on either
medication [37]. While the incidence of anterior
uveitis is higher when given concomitantly with
HAART, the induced anterior segment inflam-
mation is easily controlled with drops [38]. Tox-
icity, renal and ocular, resolve with discontinua-
tion of therapy. While it can be used by
intravitreal injection, its use can lead to severe
hypotony and uveitis [39].

Fomivirsen is a phosphorothioate oligonu-
cleotide which specifically binds to the mRNA
encoding for the immediate - early activation
proteins of the CMV virus [40]. In two random-
ized clinical studies, it was shown to inhibit
CMV retinitis by intravitreal injections. In its
maintenance regimen, it can be given once a
month [41-43].
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CMYV retinitis develops in patients who are im-
munosuppressed. Since all antivirals to date are
virostatic, unless one can restore the patient’s
own immunity against CMV, antiviral treatment
will have to be prolonged, possibly lifelong. If
immune recovery is possible or can be induced,
treatment can be discontinued and follow-up
tailored to the observed response.
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11.5.1
CMV in HIV Infected Patients

A distinction should be made between patients
receiving HAART treatment and those who do
not. Patients diagnosed with HIV infection and
with low CD4+ counts <100 cells/pl should be
screened and instructed regarding the signs and
symptoms of CMV retinitis. Patients with CD4+
counts under <so cells/pl should be screened
roughly every 3-6 months. Above 100 CD4+
cells/pl frequent screening is unnecessary. The
same algorithm holds for patients on HAART
treatment, expect that for the first 6 months af-
ter achieving a CD4+ count equal or above 100
cells pl, the same protocol holds as for patients
without HAART and a low CD4+ count.

Treatment choices will depend on available
medications, and observed response. The pre-
ferred choice is presently oral valganciclovir. If
it is not tolerated, placement of an intraocular
implant would be the next choice. Other options
are kept for more recalcitrant cases, or when the
first two named options are unavailable. Follow-
up is weekly until response is seen. Once the
lesion is quiescent, follow-up can be on a
monthly to 3 monthly basis. HAART status is
also important in the choice of therapy. If a pa-
tient is HAART naive, treatment will likely be
required for 6-12 months, after which it can be
stopped. If CMV has occurred while on HAART,
or after stopping HAART, the patient should be
followed as a non-HAART patient.

If CMV retinitis develops as a late manifesta-
tion, months after stopping immunosuppressive
agents, a ganciclovir implant, cidofovir, or
fomivirsen are the preferred approaches.

11.6
Management of Complications

In addition to vision loss, CMV retinitis can lead
to a number of complications ranging from
cataract formation to the development of a reti-
nal detachment. With the introduction of
HAART, about 15% of patients will develop
uveitis as the immune system recovers.

11.6.1
Immune Recovery

With the introduction of HAART, a number of
patients with quiescent CMV retinitis started to
develop signs of significant intraocular inflam-
mation. This inflammatory response can be
controlled in most patients with topical corti-
costeroids and is transient. However, in some
patients it leads to the development of recalci-
trant cystoid macular edema, the formation of
epiretinal membranes, cataract or glaucoma
[44]. The process is most likely due to an en-
hanced humoral immune response to ocular
antigens [45]. The possibility that active viral
replication is present has been suggested
though not proven.

11.5.2
CMV in Other Inmunosuppressive States

Well-established algorithms do not exist for
these patients. In general, an effort is made to
reduce or stop the immunosuppressant causing
the drop in immunity. As the lymphocyte counts
improve, CMV retinitis will resolve. Local treat-
ment with intravitreal agents (ganciclovir or
fomivirsen) is the preferred approach, as it min-
imizes the potential immunosuppression which
can be caused by systemic ganciclovir or val-
ganciclovir.

11.6.2
Retinal Detachment

Vision loss in CMV infection is either due to the
retinitis itself, or as a result of retinal detach-
ment. In the pre-HAART era, the risk of detach-
ment was about 33% per affected eye per year.
Lesion size and anterior location of the lesion
were both associated with an increased risk, par-
ticularly at the time of posterior hyaloid separa-
tion. Introduction of HAART therapy has dra-
matically reduced this risk by about 60% [46].
This reduction is most significant in patients
that do not develop immune recovery uveitis, as
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this variable doubles the risk of detachment in
HAART treated patients (but nevertheless repre-
sents a significant reduction in incidence as
compared to non-HAART patients). The inci-
dence of retinal detachment in patients receiving
an implant does not appear to be higher than in
patients receiving only systemic therapy.
Treatment options are dependent on the
location of the detachment and response to
HAART treatment. More conservative approach-
es such as placing a laser barrier around the de-
tachment are often successful if the detachment
is of limited size. More extensive detachments
will require a pars plana vitrectomy. In non-
HAART patients the use of silicone oil is re-
quired in most cases. For HAART patients, it
can often be avoided provided there is no signif-
icant proliferative vitreoretinopathy present.
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Behget’s Disease

MANFRED ZIERHUT, NICOLE STUBIGER, CHRISTOPH DEUTER, INA KOTTER

e Behcet’s disease (BD) is a recurrent systemic
vasculitis, possibly affecting nearly all organ
systems

e The diagnosis of BD is based on criteria of
the International Study Group for Behget'’s
Disease

e Prevalence of BD ranges from 0.4 (USA)
to 370 (Turkey) per 100,000

e Genetic (association with HLA-B*51 in up to
77 %) and immunopathological parameters
(T cells, neutrophils) seem to be important
in the pathogenesis of BD

¢ Frequent manifestations of BD are oral
and genital ulcers, ocular symptoms
and skin lesions

e Ocular involvement is characterized by
a posterior uveitis with occlusive retinal
vasculitis, running a progressive, chronic-
relapsing course

e Visual prognosis of ocular BD is poor;
therefore early and aggressive immuno-
suppression is often necessary

e New immunomodulating substances such
as IFN-ae and probably also TNF-a antago-
nists seem to improve the long-term visual
prognosis, because they are effective even
if other immunosuppressive treatment fails

12.1
Introduction

Behget’s disease (BD) is a recurrent systemic
disorder, characterized by an immune-mediat-
ed occlusive vasculitis. For better clinical defini-
tion various nomenclatures have been suggest-

ed, which seem to be very helpful in most but
not all patients. Four major symptoms charac-
terize BD: oral aphthous ulcers, ocular lesions,
skin lesions and genital ulcerations. Inflamma-
tion of other locations may also be found in
these “complete Behget’s patients”.

The prevalence is up to 370/100,000 in
Turkey, resulting in a severe problem for the
medical system, because despite adequate treat-
ment the prognosis of at least the ocular in-
volvement is often unfavourable.

Although the cause and pathogenesis of BD
are still mysterious, important factors have been
identified which influence the beginnings of
this disease. The past few years have shown that
besides genetic factors like HLA-B*51, environ-
mental factors and immune mechanisms also
seem to play a role in the pathogenesis, but
probably also in the maintenance, of BD. Be-
sides CD4 positive T cells, natural killer (NK)
cells and neutrophils are being given more and
more attention in BD research. The neutrophil
hyperactivity induces oxygen overproduction
with increasing endothelial cytotoxicity. Also
y6-T cells are stimulated and may play a role in
the maintenance of BD. Besides their discovery
in inflamed tissue, a significant y8-T cell re-
sponse to mycobacterial 65-kDa heat shock pro-
tein (hsp) peptides and their homologous pep-
tides derived from the human 60-kDa has been
detected in BD patients, indicating the possible
role of microbial infections in BD.

Recent developments for the treatment of BD
have been extraordinarily successful, resulting
in complete remission and reduced recurrence.
This also seems to change the prognosis for oc-
ular BD, which, besides CNS BD, is the most
challenging problem.
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12.2
Definition and Epidemiology of BD

12.2.1
Definition

BD is a multisystem vasculitis [123, 130]; thus,
almost any organ system can be affected. The
diagnosis of BD is based on the criteria of
the International Study Group from 1990
(Table12.1) [22]. As these were developed as a
classification and not as diagnostic criteria and
especially early stages of the disease often do
not allow diagnosis [83], older sets of criteria,
most commonly those by O’Duffy [109] and
Dilsen [26], and in Asia those of the Japanese
[100], (Table 12.2) are still in use.

12.2.2
History

Probably the first description of the symptoms
of BD was in the fifth century BC by Hip-
pocrates in his third book of epidemiology [62,
156]. Since that time and especially during the
nineteenth century, isolated symptoms of BD
have been reported [28]. In 1937, Hulusi Behget,
a Turkish dermatologist, described three pa-
tients with findings of oral and genital ulcers
and recurrent iritis [9,156]. The disease is there-
fore commonly known by his name, despite the
fact that in 1930 the Greek ophthalmologist

Benedictos Adamantiades presented at the
Medical Society of Athens the case of a 20-year-
old man who was suffering from recurrent iritis
with hypopyon resulting in blindness, associat-
ed with phlebitis, mouth ulcers, genital ulcers,
and knee arthritis. One year later he published
this case in the Annales d Oculistique [1]. The
name “Behget’s disease” therefore led to a long
discussion between Turkish and Greek scien-
tists. One explanation for the use of “Behget’s
disease” might be the wider distribution of the
paper by H. Behget in the medical literature
[156]. However, the combination of “Adamanti-
ades-Behget’s disease” is also acceptable.

12.2.3
Epidemiology

BD is a rare disorder with wide distribution but
varying prevalence around the world. It is most
common in the countries of the eastern
Mediterranean and in the eastern rim of Asia.
The disease is predominantly reported between
the 30° and 45° north latitudes in Asian and Eu-
ropean populations and these geographic areas
correspond to the old silk route [156] (Fig. 12.1),
supporting the hypothesis that the disease was
carried with the immigration of the old no-
madic tribes [111,163].

Table 12.1. Criteria of the International Study Group 1990

Recurrent oral aphthous ulcers

Small or large aphthous or herpetiform ulcerations,

recurring at least 3 times in a 12-month period

Plus two of the following:
Recurrent genital ulcerations

Eye lesions

Aphthous ulcerations or scarring

Anterior uveitis, posterior uveitis or cells in vitreous

on slit lamp examination or retinal vasculitis observed
by an ophthalmologist

Skin lesions

Erythema nodosum, pseudofolliculitis,

or papulopustulous lesions or acneiform papules
in postadolescent patients without steroid treatment

Positive pathergy testing

Intracutaneous needle stick with 21 G on forearm (inside),

read by a physician after 24-48h
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12.2.3.1
Prevalence

The highest prevalence (Table12.3) of the dis-
ease has been reported in Turks living in the
northeastern part of Turkey, with 370 patients
per 100,000 inhabitants, while the overall preva-
lence in Asia is 10- to 150-fold lower and in Eu-
rope and the USA more than 150-fold lower [113,
163].

or uveitis plus one major criterion

Complete:
Four major criteria

12.2.3.2
Incidence

Japan criteria [100]
Three major criteria
Two major criteria
One major criterion

Incomplete:
Suspect:
Possible:

Types

The exact incidence of the disease is unknown
[156]. In Japan, a country with well-organized
registration of patients with BD, 0.9 new cases
per 100,000 inhabitants were diagnosed in the
year 1984 [104]. In 1990, 0.8 new patients per
100,000 inhabitants were registered, indicating
that a plateau had been reached after a rapid in-
crease in incidence since 1972 [163].

The annual incidence in Iran is approximate-
ly 0.57 per 100,000 patients in a population of
60 million [23,156] and in Taiwan 14 patients per
year presented for the first time in one of the six
major medical centres from 1984 to 1988 [20,
163].

Oral or genital ulcerations
Two other major symptoms

O’Duffy criteria [109]

Diagnosis
plus

12.2.3.3
Age

The age of onset varies in many studies, because
most authors consider the onset of the disease
to be the age at which the patient fulfilled the di-
agnostic criteria of the disease, others the onset
of the first symptom [156]. The mean age of on-
set is 25-35years worldwide, with a range of
2months to 72years [156, 160], an observation
which is independent of the origin of the pa-
tients or their gender [163]. An average age of
onset of 19.9years was recorded in Israel,
25.6years in Turkey, 25.9years in Europe,
26.5years in Arab countries, 28.3 years in Amer-
ica, and 31.7 years in the countries of east Asia
[163].

Three major criteria or two major

and two minor criteria
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Diagnosis

or one major and one minor criterion

- Three major or two major
or one minor criterion

and two minor criteria

or minor criterion
- Pathergy (+)(-), two major criteria

Table 12.2. (Continued)
- Pathergy (+), one major
- Pathergy (+/-), one major

Dilsen criteria [26]

Incomplete:

Diagnosis
Definitive:
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Fig.12.1. Prevalence of HLA-B*51. (From Verity et al. [146])

Table 12.3. Distribution of Behget’s disease. Studies comparing epidemiological features of the disease over
time have found throughout an increasing prevalence during the last 40 years, which may be due to the chron-
ic character of the disease [163] or may be also related to a better awareness of the illness, and in some coun-
tries to migration [156]

Asia
Turkish (northeastern Anatolia) [163] 1987 370
Iranian [23] 1996 16.7
Kuwait [163] 1986 2.1
Japanese [104] 1991 13.5
Chinese [163] 1998 14.0
Europe
Germany [160] 1994 0.55
Italian [161] 1988 2.5
Northern Spain [161] 1998 7.5
Greek [114] 1984 6
America

U.S. American [16] 1975 0.4
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12.2.3.4
Sex Distribution

Old Japanese and Turkish reports have shown a
preponderance of males to females [103, 156,
163]. But in the last 20 years the male-to-female
ratio has decreased and is currently reaching
equality [48, 104, 126, 163]. This more even dis-
tribution of BD between the sexes has also been
observed in Germany [161] and in Israel [16,78].
Other data have shown an androtropism in
Egypt (male: female = 5:1), Saudi Arabia (3.4:1),
and Italy (2.4:1), whereas women predominate
in some northern European countries (e.g. Swe-
den: 0.67:1) and in the USA (0.2:1) [163].

A real increase in female patients, which is
associated with a trend towards a mild clinical
course of BD, was achieved in Japanese studies
[104, 163], whereas the complete type is more
frequent in males [156].

Although the disease is believed to have a
worse overall prognosis in males than in fe-
males [114] in the Mediterranean and Arab
countries, no such difference has been noted in
western European and American countries

[156].

12.2.3.5
Heredity

In up to 18% of patients [163], Behget’s disease
affects more than one member of the same fam-
ily [29, 144, 156]. Therefore, familial occurrence
is one of the major epidemiological features of
the disease [163] but is more frequent in families
of Arab, Israeli, Turkish or Asian origin (2.0-
18.2%) than in European patients (0-4.5%)
[163].

Summary for the Clinician

o Behget’s disease is a rare, at least genetically
determined, systemic disorder

e Up to now the exact aetiology has remained
unknown

o The disease occurs around the 2nd and
3rd decades of life, with both genders being
equally affected

e Besides the diagnostic criteria of the
International Study Group, some other
sets of criteria are still in use

12.3
Genetics of BD

BD is not a genetic disease with Mendelian in-
heritance. The disease is sporadic in most fami-
lies; however, a familial aggregation of BD has
long been noted and an increased disease risk
has been observed among first-degree relatives.
Sibling recurrence rate has been found to be
4.2% in Turkish patients. Analysis of multicase
families suggests a complex genetic inheritance
model [45]. The association of BD with HLA-B3,
which has been known since 1973, provides the
strongest evidence supporting the involvement
of genetic factors in its pathogenesis. At that
time, HLA-Bs5 was called HL-A. In the following
decade, it became clear that this association
exists not only in Japan, but also all over the
world, with the exception of the USA (Fig.12.1,
Table 12.4) [146]. In the different ethnic groups a
comparison with healthy controls results in a p
value of less than 0.0001, which hints at a strong
correlation between BD and HLA-Bs. As this as-
sociation is comparably strong in the different
ethnic groups, it is an attractive hypothesis to
assume that BD was spread to Asian and
Eurasian populations from Japan to the Middle
East by nomadic or Turkish tribes along the Silk
Route together with the antigen HLA-Bs. HLA-
Bs is present in 40-80% of all BD cases [98],
while in the respective healthy population its
prevalence lies between 8% (northern Europe)

A7-Phenylalanine
7

Fig.12.2. HLA-B*51 molecule
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Table 12.4. Prevalence of HLA-B*51 in patient groups, healthy controls and general population, and relative
risk for BD. Adapted from Verity et al. [146] and Zouboulis et al. [162] (modified) (empty fields no data avail-
able)
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Population

Asia
Japan 91 52 140 20 7.9 <0.00005  18-22.3
Korea 113 51 112 16 4.0-6.8 <0.001 10-13
Taiwan 51 51 128 11 8.5 2.6-7.7
China 120 56 100 12 9.3 2.5-8.8
India 31 32 400 30 1.1 6.4-16
Iraq 52 62 175 29 3.9 2.3
Iran 53 33 2.3
Turkey 520 77 1106 26 9.2 24
Saudi Arabia 85 72 26 9.0 26
Jordan 68 74 43 23 9.2
Lebanon 100 54 100 34 61
Israel 126 75 790 21 11.5
Africa
Egypt 84 58 200 7 20.1 <0.0001
Tunisia 55 62 80 24 5.2
Morocco [59] 86 30.2 111 15.3 2.4 <0.015 15.8
Europe
Russia 19 37 150 15 3.2 4.9
Great Britain 107 25 2032 9 3.3 1.9-4.4
Ireland [60] 24 25 96 3 6.3 <0.002 0
Germany 75 36 1415 14 B 6.1
Switzerland 8 38 17 3.0 9.5
Portugal 318 53 135 24 3.6 17
Spain 100 42 452 21 2.7 6.1-24.52
France 105 51 591 13 6.7 6.5
Italy 57 75 304 22 10.9 17.4
Greece 170 79 670 28 9.7 <0.001 15.1
America
USA 32 13 523 10 1.3 1.5-4.5%
Mexico 10 70 105 31 5.1

a Southern Spain.
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and 24% (Turkey, Middle East) [146]. In the
presence of HLA-B*51 the relative risk for BD
lies between 1.4 in Portugal [146] and 17.1 in Is-
rael [17]. In Germany the respective relative risk
is estimated to be 2.6 [159]. Meanwhile it is
known that HLA-B5 consists of two split anti-
gens, HLA-B*51 and HLA-B*52. BD is obviously
associated with HLA-B*51, but not with HLA-
B*52 (only one publication from Israel describes
an association with both split antigens) [117].
The regional prevalence of BD corresponds to
that of HLA-B*51 (Fig. 12.1); in countries where
HLA-B*s51 does not occur, BD does not exist
(Fig.12.1).

Two amino acids have been localized differ-
ing between HLA-B*51 and HLA-B*52 (63-as-
paragine, 67-phenylalanine). Both amino acids
form a part of the B-pocket in the HLA-antigen-
binding groove [98].

The peptide binding groove of HLA-class-I
antigens has six pockets (A, B, C, D, E, F). The
largest is the B-pocket, which is built under par-
ticipation of the amino acid residues in posi-
tions 63 and 67. The peptides which bind to
HLA-molecules depend among other things on
the amino acids which form the B-pocket. There
are different peptide-binding motifs for each
HLA allele [119]. Thus one may assume that the
two amino acids which are specific for HLA-
B*51, asparagine in position 63 and phenylala-
nine in position 67, contribute to the pathogen-
esis of BD. Although HLA-B*51 (B*5101-B*5103)
and B*s52 (B*5201 allele) differ only in two posi-
tions in the a2-domain of their amino acid se-
quences, their peptide-binding motifs differ
considerably, because these two positions form
the B-pocket [38, 98, 119] (Fig. 12.2).

As the contribution of HLA-B*s1 to the
pathogenesis of BD is less than 20 %, the other
factors which are relevant in the pathogenesis of
BD remain to be proven. Repeatedly, the contri-
bution of other genes in the pathogenesis of BD
has been discussed. Polymorphisms of still un-
known significance are for example the alleles
E469 and R241 of the intercellular adhesion
molecule ICAM-1 in Jordanians and Palestini-
ans or Italians. The results of these studies are
contradictory in part [13]. The allele ENOS-
Asp298 of endothelial nitric oxide synthase was
significantly more common in BD patients than

in healthy controls [125]. Examinations of the
MEFV mutations in areas endemic for familiar
Mediterranean fever (FMF) hint at an increased
polymorphism of certain MEFV genes in BD
[88]. An association of both diseases (BD and
FMF) is known [10]. IL-1 single nucleotide poly-
morphisms IL-1A-889C and IL-1B+5887T were
increased in BD patients in a recent study [65].
However, most examinations focus on chromo-
some number 6, which also contains the genes
for the major histocompatibility complex
(MHC) and thus for the HLA-class-I molecules
(Fig.12.3). HLA-Cw*14 seemed to be more
prevalent in patients with BD, but is in linkage
disequilibrium with HLA-B*s51 [97]. For TAP2
(transporters associated with antigen process-
ing) and LMP7 (proteasome subunit), also
genes on chromosome 6 close to the MHC,
which are coding for molecules responsible for
the transportation and preparation of peptide
ligands, no significant associations could be
shown [56]. TNF-gene loci, which lie centromer-
ic to the HLA-B-locus, were not associated with
BD or the TNF B* Nco1 RFLP (restriction length
fragment polymorphism) was in linkage dise-
quilibrium with HLA-B*s1 [147]. The TNF pro-
moter polymorphism -1031C was associated
with BD in the absence of HLA-B*51 [3]. MICA
genes, like HLA-class-I genes, are located on
chromosome 6 code for a molecule which has
similarities with HLA-class I antigens, but is not
associated with B2-microglobulin. It does not
bind peptides and its expression is increased
upon cellular stress. MICA antigens are able to
directly activate y8 T cells and NK cells through
the NKG2D receptor and DAP10. An intracellu-
lar variant A6 and the MICA o009 allele seemed
to be associated with BD, but finally a linkage
disequilibrium with HLA-B*51 was proven
[116].

The direct association of HLA-B*51 with BD
meanwhile has been supported by microsatel-
lite analysis: eight polymorphic microsatellite
markers within 1,100 kb of the HLA-B gene were
analysed. This analysis revealed a linkage
disequilibrium of HLA-B*51 with MICA and
MICB; the strongest association was found
for HLA-B*s51 itself in all three populations ex-
amined (Japanese: p=0.000000000017; Greek:
0.00000032; Italians: 0.00047) [99]. It is a mat-
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ter of debate whether the presence of HLA-B*51
is associated with a more severe course of the
disease or specific manifestations [47,103]. Trig-
gering factors such as bacteria or virus may
have agretopes with a high affinity for the HLA-
B*51 molecule. With today’s refined molecular
biological methods, so far 29 suballeles of HLA-
B*51 have been described (HLA-B*s5101 to HLA-
B*5129) [120]. Of these, especially HLA-B*5101
and HLA-B*5108 seem to be associated with BD.

In our own study comparing German and
Turkish patients, we found similar associations,
but additionally HLA-B*5107 seemed to be neg-
atively associated with the disease [75]. Similar
observations were also made in a Spanish study
[41]. HLA-B*s5101 and HLA-B*5108 share the
amino acid substitutions in positions 63 and 67,
which differ between HLA-B*s51x and HLA-
B*5201. These substitutions are identical in all
HLA-B*51x suballeles except HLA-B*5107 and
HLA-B*5122. HLA-B*5107 shares serine (Ser) in
position 67 with HLA-*Bs5201; HLA-B*5122 hasa
cysteine (Cys) in this position. As antigen bind-
ing takes place in this region, it may well be pos-
sible that the antigenic peptides bound by HLA-
B*;5107 and HLA-B*s122 differ from those
bound by the other HLA-B*51x suballeles. How-
ever, it should be noted that the amino acid sub-
stitutions in positions 63 and 67 (aspartate and
phenylalanine), which separate the associated
split antigen HLA-B*5101 from the non-associ-
ated HLA-B*5201, also exist in HLA-B*08, most
alleles of HLA-B*35, B*53, B*5901, B*78 and
some rare alleles such as B*0708, B*1522, B*1529,
B*4008 and B*4406. Their possible role in HLA-
B*51 negative patients remains to be shown.

In conclusion the critical region containing
the susceptibility antigens for BD lies between
the HLA-B locus and the TNF locus and the lo-
cus for MICA (MHC-Class-I-chain related A), or
possibly at the telomeric end of chromosome
6pi [46]. The only association which has been
unanimously proven in all populations where
BD exists is that for HLA-B*51 and its suballeles.

12.4
Immunology

Behget’s disease seems to be, at least in parts, an
immune mediated disease, and various cells
participate in the immunopathology. Recently
an extended review has been published regard-
ing the variety of parameters [158].

12.4.1
T Cells

T-cell-mediated immune responses play a ma-
jor role in the pathogenesis of BD [158]. Analy-
sis of peripheral blood T-cell receptor V and J
segment gene usages revealed oligoclonal T-cell
responses in CD4+ and CD8+ cells correlating
with activity of clinical BD patients [34]. This
suggests an antigen-driven immune response.
Recently also an oligoclonal T-cell response in
the anterior chamber has been described [67].

The role of T-cell subsets remains unclear at
the moment, but a reduced CD4+/CD8+ T-cell
ratio has been reported, due to a decrease in
CD4+ T cells and an increase in CD8+ T cells
[122]. A significantly reduced CD4+CD45RA+
(helper-inducer) T-cell population was found in
the peripheral blood in patients with active BD,
despite similar CD4+CD29+ (helper-inducer)
T-cell frequency in active and inactive BD [60].
Abnormal activity of suppressor T cells has
been observed in the beginning of active BD, re-
turning to normal when patients became fully
active or BD became inactive. This may point to
a defect in suppressor cells in the development
of BD [122].

Several microbial antigens have been shown
to stimulate T cells in patients with BD. This
includes streptococcal antigens [57, 84, 85],
staphylococcal endotoxin, E. coli-derived pep-
tides, but especially importantly heat shock pro-
teins (hsp) of various microbes [86]. Hsps are
important for the survival of microbes when
they infect an organism. This may lead to an ef-
ficient presentation of hsp by host cells, result-
ing in recognition of infected cells by the im-
mune system. Hsps from specific bacteria show
considerable homology with those of both oth-
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er bacterial and host hsps. Due to the high con-
servation among microbial pathogens, hsps can
even become major antigens.

The role of hsp in BD remains unclear at the
moment. There is an anti-hsp6o T-cell response
detectable in BD patients. Four peptides from
65-kDa mycobacterial hsps (111-125, 154-172,
219-233, 311-325) and their homologous pep-
tides from human 60-kDa hsps (136-150,
179-197, 224-258, 336-351) have been identified
as specific epitopes for BD. Subcutaneous im-
munization with hsp peptides (with adjuvant),
but also oral and nasal administration (without
adjuvant), induced experimental uveitis in rats
[55]. Responses against hsps may reflect a com-
mon relation between hsps and other autoanti-
gens, but are probably leading to a molecular
mimicry between bacterial and self-hsps. The
T-cell hypersensitivity seems to be not limited
to hsp or other microbial antigens, but also to
retinal antigens like retinal-soluble-antigen [24,
151]. It may result from an intrinsic T-cell defect
affecting signal transduction through TCR [53,
137]. There are also signs of viral infection in BD
patients. Therefore, herpes simplex virus (HSV)
genome 1 and serum antibodies against HSV-1
have been found in higher amounts in BD pa-
tients compared to controls [31, 85]; also cyto-
toxic T cells have been found. These findings are
probably more related to the T-cell dysfunction
than to a direct effect of the virus.

Still badly understood is the role of y5-T cells
in inflammatory disorders, and therefore also in
BD, in which these cells are elevated [34, 39, 40,
52,101, 152]. A majority of these yo-T cells pro-
duce IL-2R (CD25), CD45RA IFN-y, TNF-a and
IL-8 [40, 101, 152]. A subset of y&-T cells has a
proliferative response to four mycobacterial
hsp-derived peptides, correlating to the activity
of BD and suggesting a regulatory role of the yé-
T cells [52]. These findings have not been con-
firmed by other groups [55, 64].

Even in the inactive state of BD elevated lev-
els of Thi-type cytokines have been detected
following stimulation [94]. This includes TNF-
a, TNFR-75, IFN-y, IL-1, sIL-2R, IL-8, IL-12, but
also the Th2 cytokine IL-10 [158]. The cytokine
level seems to correlate with activity for IL-8,
IL-12, sIL-2 and TNFR-75 [158].

12.4.2
NK Cells

Activity of NK cells is another controversial
problem. While CD16+CD56+ NK cells and
CDs56+ T cells have been found in BD patients
by some investigators [63, 138], some have
only shown increases of CD4+CDi16+ and
CD4+CDs6+ T cells with a normal CDi6+
CDs56+ NK level [32], or even a decrease of
CD16+ cells [51]. There may also be NK-T cells
involved which in a state of activation can ex-
press mRNA of macrophage migration inhibito-
ry factor (MIF) [72].In the serum of BD patients
MIF levels are increased [71].

12.4.3
Neutrophils

Neutrophil infiltration is a major finding in BD
lesions. They seem to be hyperactive, leading to
increased chemotaxis, phagocytosis and super-
oxide generation [14, 30, 106, 118]. They show a
higher expression of CD1o, CD11a and CD14.
Cytokines like TNF-«, IL-8 and GM-CSF can
stimulate neutrophils to a primed state from
which they reach complete activity more easily
and rapidly than in the quiet state. T cells seem
to be important for this stimulation [107].
Incubation of neutrophils from healthy indi-
viduals with sera from patients with BD in-
duced an increase in adhesion to endothelial
cells and expression of CD11a and CD18 [121].

12.4.4
Endothelial Dysfunction

There is some evidence for an endothelial dys-
function or endothelial injury in BD patients.
Blood levels of von Willebrand factor, produced
in the endothelium, thrombomodulin and E-se-
lectin, are elevated (review in [80]). A single nu-
cleotide polymorphism in the eNOS (endothe-
lial nitric oxide synthase) gene (Glu298Asp) was
found to be associated with BD [125]. Flow-me-
diated dilation of arteries, which is dependent
on the function of eNOS from endothelial tis-
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sue, was found to be reduced in BD patients [18].
There is controversy regarding the level of NOS
[33,37112], but the higher activity of superoxide
dismutase suggests a role for nitric oxide
metabolites in the pathogenesis of BD [70].

The role of anti-endothelial antibodies re-
mains unclear. Up to 50% of patients with BD
demonstrate these antibodies, mostly associat-
ed with activity of disease [7,141]. A 44-kDa en-
dothelial cell surface antigen has been found
which reacts with IgM anti-endothelial cell an-
tibodies [82]. These findings may reflect an im-
mune mediated response, but probably only
demonstrate endothelial defects.

12.4.5
Coagulation
and Fibrinolytic Pathway Abnormalities

There are indications for an activation of the
coagulation and the fibrinolytic systems in BD
patients, partly associated with thrombosis, like
an elevation of thrombin-antithrombin IIT com-
plex and prothrombin 1 and 2, that may lead to
intravascular thrombin formation. Defects in
protein C, protein S and factor V Leiden have
been shown in patients with BD patients having
thrombosis [15, 95,124, 129] for carriers of factor
V Leiden and prothrombin gene.

Mutations, giving a severe increase in risk for
thrombosis, have been described in patients
with BD [43, 44, 89, 145]. Anticardiolipin anti-
bodies have also been reported in up to 25% of
BD patients, but these antibodies seem to play
no primary role in BD [139].

Regarding tissue plasminogen activator, no
conclusive results have been published [158]. It
has to be kept in mind that different clinical sit-
uations besides ongoing therapy are influencing
such investigations, and that findings in serum
only in part reflect the local situation. Despite
such limitations it seems that BD patients have
an imbalance towards a prothrombotic state
which, probably associated with other factors,
may lead to vessel inflammation and finally
occlusion.

Summary for the Clinician

o Behget’s disease is at least in parts an
immune mediated disorder

o T cells play a major role, probably stimulat-
ed by microbial antigens, probably heat
shock proteins

o Neutrophil infiltration and endothelial dys-
function are also major components of BD

e Abnormalities of the coagulation and fibri-
nolytic system have been found

12.5
General (Extraocular) Manifestations
of BD

As a multisystem vasculitis [123,130],almost any
organ system can be affected in BD. However,
there is a clear preference for the mucous mem-
branes, the skin and the eye. In this chapter, we
briefly describe the extraocular manifestations
of BD.

12.5.1
Oral Aphthous Ulcerations

These are present in 9o-100% of all patients.
Together with the skin lesions, they represent
the most common primary manifestation of the
disease. The oral aphthous ulcers of BD occur in
localizations which are uncommon in habitual
aphthosis, for example sublingual, on the soft
and hard palate, in the epipharynx, pharynx
and larynx. They last a long time (14 days), tend
to relapse (three times a year up to twice month-
ly) and are very painful. Histologically, leucocy-
toclastic vasculitis with intraepidermal vesicles,
caused by necrosis of keratinocytes or acanthol-
ysis, is found. There is a perivascular infiltrate
of neutrophils, lymphocytes, mast cells and
macrophages. Endothelial cells proliferate and
finally become necrotic, resulting in fibrinoid
necrosis.
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12.5.2
Genital Ulcerations

These are present in 60-80% of patients and
usually manifest on the scrotum and vulva, but
may also appear in any other part of the male
and female outer genitals, for example the ure-
thra, anus or perineum. Deep ulcerations are
painful, whereas superficial lesions, especially
in the cervix and vagina, often cause no symp-
toms. They mostly heal within 10days up to
4weeks, sometimes scarring, and relapse less
often than oral aphthous ulcers. The bipolar
(oral and genital) aphthosis is not specific for
BD; it may also occur in patients with inflam-
matory bowel disease, relapsing polychondritis
or chronic myelogenous leukaemia.

12.5.3
Skin Lesions

Skin lesions occur in 41-94% of cases and are
morphologically diverse. Papulopustules, ac-
neiform pseudofolliculitis and erythema no-
dosa are most common, but pyodermia, ulcera-
tions, necrotizing lesions, Sweet syndrome and
superficial thrombophlebitis may also occur.
Polymorphic erythema or pyoderma gangreno-
sum and pernio-like lesions are rare. Different
skin lesions can occur in the same patient, ei-
ther sequentially or at the same time. Histologi-
cally, there is a leucocytic vasculitis with
perivascular infiltration by neutrophils and
fewer lymphocytes. Even histologically, the dif-
ferentiation between acne vulgaris and papulo-
pustules of BD is difficult. Erythema nodosum,
which, when associated with sarcoidosis or oth-
er disorders, represents a panniculitis, reveals
vasculitic changes and an additional subcuta-
neous thrombophlebitis in BD. Immunohisto-
logically, the infiltrate consists of T cells, NK
cells and macrophages.

12.5.4
Pathergy Phenomenon

Pathergy phenomenon is positive in 19-53 % of
all patients and consists of a sterile papulopus-
tule which occurs 24-48h after an intracuta-
neous stick with a sterile 21G needle [27, 42].It is
caused by cutaneous hypersensitivity. Pathergy
may also occur after other irritations of the
skin. “Extended” pathergy occurs after dental
surgery (oral pathergy), in the eye (inflammato-
ry flares after surgery), with aneurysms after
vascular surgery, and with ulcerations in the
area of anastomosis after gastrointestinal sur-
gery. Under immunosuppressive treatment, the
test often becomes negative. The pathergy phe-
nomenon is supposed to be specific for BD, al-
though it has also been described in patients
with pyoderma gangrenosum, CML and in rela-
tives of patients with BD. Histopathology re-
veals a predominantly neutrophilic infiltration
in combination with memory T cells expressing
HLA-DR as activation marker.

12.5.5
Skeletal System

Arthritis occurs in 47-69% of patients, being
mostly oligoarticular (less than five joints af-
fected) and asymmetrical, affecting the lower
extremities and non-erosive. Only 1% of the
arthritides in BD lead to erosions which are vis-
ible on X-rays. Sacroiliitis may also occur, its
prevalence estimated at 7%. There are marked
similarities to spondyloarthropathies, and en-
thesiopathies also occur. The synovial fluid and
histology reveal unspecific findings, but pannus
and lymphocyte follicles as in rheumatoid
arthritis are unusual.

Another, although rare, manifestation in the
skeletal system is myositis, which may be either
localized or generalized and which has also
been described in juvenile BD. Histology is un-
specific with inflammatory infiltrates and de-
generation of muscle fibres. Myalgia and fi-
bromyalgia syndrome are much more common,
but also unspecific.
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12.5.6
Gastrointestinal Manifestations

Gastrointestinal manifestations occur in 3-30 %
of patients. Differentiation from inflammatory
bowel disease (IBD) is difficult. Main symptoms
are abdominal pain (92%), followed by diar-
rhoea (29%) and gastrointestinal bleedings
(5%). Diffuse ulcerations (76 %) are more com-
mon than localized aphthous ulcers. The ulcer-
ations are deep, and oesophagus and rectum
may be affected. They are mainly localized in
the ileocoecal region (96%). Perforations are
common (56% in a Japanese study). Histo-
pathology reveals lymphocytic and neutro-
philic infiltrations in the mucosa, but cryptal
abscesses may also occur. Granuloma forma-
tion, transmural lymphocytic aggregates and fi-
brosis, in contrast to IBD, are uncommon. A
perivascular infiltration (leucocytoclastic vas-
culitis) is typical of bowel inflammation associ-
ated with BD [81].

127]. Histologically, there is microglial prolifera-
tion, slight glial scarring, and perivascular infil-
tration of lymphocytes, neutrophils and plasma
cells. The site most commonly affected is the
brainstem, followed by isolated hemispherical
involvement in a subgroup of patients usually
presenting with hemiparesis and/or pyramidal
signs, and spinal cord involvement in 4-20 % of
all cases (only 18 % being isolated). A special, al-
though fortunately rare, form of cerebral in-
volvement in BD is the demyelinating variant,
which does not have signs of active vasculitis in
MRI or cerebrospinal fluid (except elevated pro-
tein levels), but nevertheless leads to progres-
sive mental deterioration and dementia [127].In
the other forms, cerebrospinal fluid analysis
mostly reveals neutrophilic pleocytosis, but
lymphocytic pleocytosis is also common. Ele-
vated protein concentrations with an increased
IgG index are usually found, and oligoclonal
bands similar to those in multiple sclerosis
(MS) may occur and do not exclude neuro-BD
[142].

12.5.7
Neurological Manifestations

Neurological manifestations are present in
8-31% of all patients and mostly begin
4-6years after the first manifestation of BD. In
neuro-BD, parenchymal involvement is distin-
guished from non-parenchymal (vascular) in-
volvement, where the parenchymal lesion, when
it occurs, is secondary to another pathological
process, such as large arterial or venous occlu-
sion, haemorrhage, etc., and thus corresponds
to a major vascular territory. Intracranial hy-
pertension with or without dural sinus throm-
bosis is the most common manifestation of vas-
cular neuro-BD and comprises 11-35% of all
neuro-Behget’s patients. In parenchymal in-
volvement, which is more common and is seen
in 82% of all cases of neuro-Behget, the patho-
logical process occurs primarily within the
nervous parenchyma, with a tendency to pro-
duce focal lesions clustering in the brainstem,
basal ganglia, diencephalic structures, internal
capsule, etc., and is also disseminated through-
out the CNS as a low-grade inflammation [4,

12.5.8
Vascular Manifestations

Vascular manifestations occur in 28 % and con-
sist of thromboses and arterial aneurysms.
Symptoms correlate with the localization and
mostly occur 3-4 years after the first manifesta-
tion of BD. Venous thrombosis is more common
than arterial complications. Most commonly
occlusions of the superior or inferior vena cava,
femoral veins, cerebral veins, veins of the upper
extremities and liver veins (Budd-Chiari syn-
drome) occur. Rarely, also thrombosis of the re-
nal veins, the portal vein with consecutive por-
tal hypertension and intracardiac thrombus are
seen [54, 150]. Pulmonary embolism is diag-
nosed in 10-15 % of cases. There is an accumula-
tion of thromboembolism in patients with addi-
tional coagulation defects such as prothrombin
mutation, factor V Leiden mutation, protein C
or protein S deficiency or hyperhomocys-
teinaemia [35, 87, 143]. However, thromboses in
BD are due to vascular inflammation and the re-
sulting endothelial dysfunction. The frequency
of arterial complications is estimated at 7-
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34%, usually consisting of occlusions, isolated
aneurysms or a combination of both. They can
be localized anywhere, but most commonly oc-
cur in the arteries of the lower extremities with
the main symptom of intermittent claudication.
The prognosis of arterial aneurysms is worse
than that of occlusions. Pulmonary arterial
aneurysms bear the greatest risk of death, their
major symptoms being dyspnoea and haemop-
tysis.

12.5.9
Rare Manifestations

Cardiac manifestations are diagnosed in 1-6 %
of all patients. A pericarditis is most common,
followed by coronary vasculitis with occlusions
and/or aneurysms resulting in myocardial in-
farctions in mostly young patients. In some
studies, perfusion scintigraphy of the myocardi-
um revealed silent ischaemia in 25% of all
patients. Furthermore, myocarditis resulting
in dilative cardiomyopathy and ventricular
aneurysms occurs. Valvular vegetations and in-
sufficiencies are rare, but mitral valve prolapse
appears to be significantly more common in BD
patients when compared to healthy matched
subjects.

Urogenital manifestations are rare. The most
common is epididymitis (4-31%). Renal mani-
festations (different forms of glomerulonephri-
tis) are seen in less than 1%; they are almost
always asymptomatic and are diagnosed by pro-
teinuria or haematuria. Nephritic syndrome
and renal insufficiency are rarities. Single cases
of bladder ulcerations and fistulas have been
described.

12.5.10
Life Expectancy

Life expectancy is diminished especially in the
young and males, because they tend to have se-
vere courses of BD [154]. CNS manifestations,
arterial aneurysms and gastrointestinal mani-
festations bear the worst prognosis [154]. The
mortality of pulmonary aneurysms is as high as
50 %. The mortality of myocardial infarctions in

BD is much higher than in primary infarctions
(29%). In a study by Park et al., the main causes
of death in male patients were gastrointestinal
bleeding, bowel perforations, vena cava superi-
or syndromes, aortic insufficiency, CNS mani-
festations, sepsis and pulmonary abscesses
[115]. Not only BD itself, but also the immuno-
suppressive treatment contributes to overall
mortality.

Summary for the Clinician

o Oral aphthous ulcerations, occurring in
uncommon localizations, represent the
most common primary manifestation of
Behget’s disease

o Further frequent extraocular manifesta-
tions of BD consist of genital ulcerations,
skin lesions and mostly oligoarticular
arthritis

o The pathergy phenomenon is supposed
to be specific for BD

e Main causes of diminished life expec-
tancy are CNS manifestations, arterial
aneurysma and gastrointestinal mani-
festations

12.6
Ocular Involvement

Ocular involvement, frequently termed ocular
BD, occurs in 60-80% of patients on average
4 years after disease onset [11, 21, 135, 156, 157]. It
is the initial symptom in 10-20 % of patients [11,
21, 156, 157]. Recurrences are common and the
recurrent attacks of ocular inflammation lead
to severe, permanent ocular damage unless
effective treatment is instituted. Each attack
damages the eye; therefore loss of sight occurs
in affected BD patients. The reported frequency
of ocular involvement in cases of BD is 83-95%
in men and 67-75% in women [156]. The disease
is often more severe in men, and bilateral dis-
ease occurs in 80 % of patients.

The primary manifestation in 50-87 % of BD
patients may be unilateral and occurs most of-
ten as an anterior uveitis, but later, in two-
thirds of cases, bilateral panuveitis with a
chronic relapsing course is present [11, 21, 96,
156, 157].
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Nongranulomatous inflammation with ne-
crotizing obliterative vasculitis may be found
either in the anterior or the posterior segment,
or, more commonly, in both.

12.6.1
Anterior Segment Changes

Anterior uveitis may be the only ocular mani-
festation in BD patients. Anterior uveitis is an
inflammation, which is limited to the iris and
the vitreous. The synonym of anterior uveitis is
iridocyclitis. In the literature, the classic finding
in BD patients is an anterior uveitis described as
occurring together with hypopyon (Fig.12.4) in
30% of cases [11, 21, 96]. Nowadays, iridocyclitis
occurs mostly in isolation, which is probably
due to earlier and more aggressive treatment,
resulting in dampening inflammatory respons-
es.

The inflammatory response in the anterior
chamber in BD is of nongranulomatous nature.
The patients often complain of redness, perior-
bital pain, photophobia, and blurred vision.
Slit-lamp biomicroscopy examination reveals
conjunctival injection, ciliary flash in the peril-
imbal region, cells and flare in the anterior
chamber, and fine keratic precipitates [135,156].

In eyes with severe iridocyclitis, in which hy-
popyon is not seen by direct slit-lamp examina-
tion, a small layering of leucocytes can be ob-
served in the angle by gonioscopy. This is
termed angle hypopyon [156].

The anterior uveitis may resolve sponta-
neously over 2-3 weeks even if therapy is not in-
stituted. It is explosive in nature, appearing very
rapidly. Some patients with BD may change
from feeling perfect one moment to having se-
vere inflammation 2 h later. However, this ante-
rior segment inflammation may not be accom-
panied by posterior segment involvement [135,
156].

Structural changes of the anterior portion of
the eye, including posterior synechiae, iris atro-
phy, and peripheral anterior synechiae, may de-
velop during the course of repeated ocular in-
flammatory attacks. The presence of peripheral
anterior synechiae or iris bombe from pupillary
seclusion may lead to secondary glaucoma.

Fig.12.4. Acute iridocyclitis with hypopyon in a BD
patient

Neovascularization of the iris can occur as a
result of posterior segment involvement [156].

Uncommon anterior segment findings are
conjunctivitis with or without subconjunctival
haemorrhage, episcleritis or scleritis, keratitis,
and, rarely, extraocular muscle paralysis [21,
156].

12.6.2
Posterior Segment Changes

Changes of the posterior segment include white
cell infiltration of the vitreous body, ranging
from a moderate number of cells suspended on
the vitreous fibrils to a dense plasmoid reaction
with sheets of inflammatory cells, especially
during the acute phase. An isolated vitreous
inflammation is not characteristic of BD.

The essential finding of the posterior pole
changes in patients with ocular BD is an occlu-
sive, necrotizing, retinal vasculitis [135, 156]. In
most patients retinal vasculitis occurs mainly
affecting the retinal veins, which is pathogno-
monic for BD as it is the only systemic vasculitis
affecting small and medium sized arteries and
also veins. Other typical findings are venous
and capillary dilation with engorgement. In-
volvement of the retinal vessels in the form of
acute periphlebitis or thrombangiitis obliterans
may lead to massive retinal (Fig. 12.5) and vitre-
ous haemorrhage [135, 156]. Patchy perivascular
sheathing (Fig. 12.6) with inflammatory whitish
yellow exudates surrounding retinal haemor-
rhages may be seen. They usually accumulate in
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the deeper retinal layers during acute episodes,
while the overlying retina shows turbidity and
edema. Retinal edema is present in 20-75% of
cases, especially in the macula [156]. Retinal at-
rophy is frequently present after the retinal exu-
dates and haemorrhage resolve, offering testi-
mony to the prior ischaemia. Sheathing of the
veins often precedes sheathing of the arteries.
Choroidal vascular involvement occurs as well,
and choroidal infarcts are probably more com-
mon than is generally appreciated [156].

Severe retinal vasculitis may lead to is-
chaemic changes because of vascular occlusion.

The optic nerve is affected in at least one-
fourth of BD patients [156]. Hyperaemia of the
optic disc with blurring of the margins (papilli-
tis) is the most frequently observed lesion of the

Fig.12.5. BD patient with retinal haemorrhage due
to a venous branch occlusion

Fig.12.6. Yellowish-white perivascular sheathing
and narrowing of the retinal veins in a BD patient

optic nerve. Papilledema is not frequent, but it
may occur as a result of microvasculitis of the
arterioles supplying the optic disc [156].

12.6.3
Complications

Due to the inflammatory changes in the anteri-
or segment, development of secondary cataract
and secondary glaucoma is possible 21,135,156,
157].

Repeated inflammatory bouts are the major
concern, with the most vision-robbing patho-
logy located in the posterior pole, with fibrotic,
attenuated retinal arterioles, narrowed and
occluded “silver-wired” vessels, a variable de-
gree of chorioretinal scars, alterations of retinal
pigmented epithelium, and optic nerve atrophy
being the consequences of repeated inflamma-
tory attacks (Fig.12.7) [135,156].

Vascular occlusion causes tissue hypoxia,
which stimulates the growth of new vessels at
the optic disc or elsewhere. These neovascular-
izations can induce neovascular glaucoma and
they can rupture and bleed. Bleedings into the
vitreous can lead to organization with mem-
brane formation, causing retinal holes with sub-
sequent retinal detachment. Phthisis of the eye
may finally occur [157].

Fig.12.7. Fundus of a BD patient after multiple in-
flammatory attacks: narrowed and occluded “silver-
wired” vessels, chorioretinal scars, retinal pigment
epithelial alterations, and optic nerve atrophy. Visual
acuity: hand movement
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12.6.4
Diagnosis

Diagnosis of ocular BD is based on clinical ob-
servations with slit lamp biomicroscopy and
ophthalmoscopy. In addition, helpful examina-
tions might be fluorescein angiography and/or
indocyanine green angiography and electro-
physiology [74,156].

12.6.4.1
Fluorescein Angiography/Indocyanine
Green Angiography

In 1989, Atmaca [5] demonstrated in her study
that in 6.3 % of BD patients who had otherwise
no visual loss and no abnormal findings on fun-
dus examination fluorescein angiography (FA)
disclosed incipient fundus changes, like discrete
fluorescein leakage from the retinal capillaries.
Mostly, in patients with recurrent ocular BD, FA
demonstrated occlusion and marked dilatation
of the retinal capillaries [156].

In patients with active ocular BD, FA disclos-
es diffuse fluorescein leakage from the retinal
capillaries, the larger engorged vessels, and the
optic disc. Late staining of the vasculature, as a
sign of large zones of capillary nonperfusion,
collateral vascular formation, secondary retinal
teleangiectasia, and retinal neovascularization
could also be present [135, 156]. In addition, FA
demonstrates central retinal changes which are
responsible for poor vision, such as macular is-
chaemia, cystoid macular edema, macular hole,
and epiretinal membranes [12].

Choroidal and retinal pigment epithelial in-
volvement are rarely seen in BD patients. How-
ever, since examination of choroidal abnormal-
ities could only be done with indocyanine green
angiography (ICG), simultaneous FA and ICG
are useful [92,156].

12.6.4.2
Electrophysiology

Expecting impairment of the central retinal ar-
eas in patients with ocular BD, it is useful to per-
form the electrophysiological examination with
the multifocal electroretinogram (mfERG) be-

cause any impairment of small, circumscribed
areas of the retina usually does not exhibit a
pathologic Ganzfeld ERG [80, 133]. Since the
mfERG is capable of mapping the central visual
field functionally by means of local elec-
troretinographic responses, initial studies in
uveitis patients have shown the successful detec-
tion of central retinal changes [80, 133]. There-
fore, the mfERG may be a good indicator for the
monitoring of posterior segment changes as well
as for predicting visual prognosis.

Summary for the Clinician

e In 60-80% of patients with BD, ocular
involvement occurs on average 4 years after
disease onset

o The presenting symptom often is an
anterior uveitis

e Later, in most cases, a bilateral panuveitis
with a chronic relapsing course is present

e Visual loss is mainly caused by occlusive
retinal and optic disc vasculitis

e Angiographic and electrophysiologic
methods are useful in the diagnosis of
ocular BD

12.7
Therapy

Behget’s disease is probably one of the most
challenging conditions to treat. Reasons are the
still unclear aetiology of this syndrome as well
as multiple manifestations possibly affecting all
organ systems, moreover complicated by vary-
ing appearances of the disease in different eth-
nic groups. As a consequence diagnosis and
therapy of patients with Behget’s disease re-
quires close cooperation between physicians of
different medical disciplines, which is usually
only found in specialized institutions.

A good therapy for Behget’s disease should
be highly effective for preferably manifesta-
tions, should work rapidly, should be low in side
effects and at the same time be as cheap as pos-
sible. At present these contradictory require-
ments are not compatible. This may be a reason
for the fact that standardized treatment regi-
mens for Behget’s disease are still missing.
There is a remarkable lack of randomized con-



12.7 Therapy

191

trolled studies. Today, therapies are mostly
based on open uncontrolled trials, pilot studies
or case reports. On the other hand, placebo-con-
trolled trials are ethically not justifiable in a dis-
ease which untreated may lead to death or
blindness.

Due to its poor prognosis, eye involvement is
one of the most worrying manifestations for pa-
tients with Behget’s disease. Without treatment,
vision is usually lost on average 3.4 years after
the onset of eye symptoms [90]. Thus it is often
necessary to treat the condition earlier and more
aggressively than other forms of uveitis. Thera-
py of ocular Behget’s disease usually consists of
systemic corticosteroids and immunosuppres-
sants. However, despite immunosuppressive
treatment, loss of useful visual acuity occurs in
up to 74% of the affected eyes within 5-10 years
[11,157]. Therefore evaluation of new therapeutic
concepts is urgently needed. Fortunately, with
novel substances such as interferon-a and TNF-
o antagonists, new therapeutic options are being
found which are possibly more effective and may
lead to a better visual prognosis than conven-
tional anti-inflammatory drugs. On the other
hand, these new medications are very expensive
and more complicated in the institution and
control of treatment. Thus it has to be assumed
that in the near future these medications will not
be available everywhere for all patients.

In this chapter the authors aim to give both
an update on modern therapy and a careful
evaluation of the therapeutic options for eye
involvement in Behget’s disease.

12.7.1
Local Treatment

Eyedrops or ointments containing corticos-
teroids, e.g. prednisolone acetate, are indicated
during an acute inflammatory attack of the ante-
rior eye segment such as anterior uveitis or
scleritis. Application frequency depends on the
severity of the inflammation. Subconjunctival
steroid injection may be helpful in the case of
hypopyon in the anterior chamber. In contrast
topical steroids are not effective in treating pos-
terior eye segment involvement such as vitritis,
posterior uveitis or cystoid macular edema. For

these conditions steroids administered by peri-
ocular injection may be helpful in single cases.

Concomitant administration of topical my-
driatics both to prevent posterior synechiae and
to relieve ocular pain is necessary if a moderate
to severe inflammation of the anterior chamber
is present.

12.7.2
Systemic Treatment

12.7.2.1
Corticosteroids

Because of their high anti-inflammatory poten-
tial, corticosteroids are widely used in the man-
agement of ocular Behget’s disease. They are in-
dicated to shorten the duration of an acute
uveitis attack, but as a monotherapy they are
not effective for long-term treatment, probably
because the doses necessary for maintenance of
remission would be too high, accompanied by
unacceptable side effects [77]. Thus in most cas-
es a steroid sparing immunosuppressive agent
has to be added. An exception may represent
cases in which immunosuppressive drugs are
contraindicated, such as during pregnancy [61].

Initial dosage of orally administered corti-
costeroids usually amounts to 1-2mg/kg per
day prednisolone equivalent, followed by a
gradual decrease of the dose by 5-10 mg/week.
For cases of severe sight threatening attacks of
posterior uveitis, efficacy of a high dose intra-
venous steroid therapy prior to initiation of oral
corticosteroid treatment has been reported in
some patients [140].

12.7.2.2
Nonsteroidal Anti-inflammatory Drugs

Systemic nonsteroidal anti-inflammatory drugs,
e.g. indomethacin, may be beneficial in mild
joint involvement, but due to their comparative-
ly weak effect they have no relevance in the
treatment of eye involvement in Behget’s dis-
ease.
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12.7.2.3
Immunosuppressive and Cytotoxic Agents

12.7.2.3.1
Cyclosporine A

Cyclosporine A is the most widely used im-
munosuppressive drug for ocular Behget’s dis-
ease. At dosages of 3-5 mg/kg/day or in combi-
nation with low dose corticosteroids it has
proven to be a rapidly acting and effective med-
ication not only to treat acute attacks but also to
reduce recurrence rates of ocular inflammation
[108,113,136]. However, nephrotoxicity, particu-
larly at dosages higher than 5 mg/kg per day,
and relapses after discontinuation of therapy
may limit the use of cyclosporine A [77]. More-
over, there is evidence suggesting that cyclo-
sporine A exhibits neurotoxicity in patients
with Behget’s disease or accelerates the develop-
ment of neuro-Behget’s disease [73, 66].

12.7.2.3.2
Azathioprine

Azathioprine is considered as a proven immuno-
suppressive drug with considerably fewer side
effects. Therefore it is acceptable as an alterna-
tive to cyclosporine A for the treatment of eye in-
volvement in Behget’s disease. In a placebo con-
trolled double-blind study, azathioprine (dosage
of 2.5 mg/kg daily) was effective in controlling
intraocular inflammation, maintaining visual
acuity as well as preventing an onset or progres-
sion of eye disease [153]. Compared to those pa-
tients originally allocated to the placebo group
in the previous study, long-term visual progno-
sis improved in the group treated with azathio-
prine [49]. But this beneficial effect did not ex-
tend to those patients who had eye disease for
2years or more when they first started azathio-
prine treatment [155]. Using azathioprine it must
be noted that the therapeutic effect of this drug
usually starts with a delay of 2-3 months. To treat
or prevent an acute attack, this period has to be
bridged with systemic steroids.

12.7.2.3.3
Colchicine

The therapeutic effect of colchicine in Behget’s
disease seems to vary among races. Except for
Japan, where it is widely used and has been re-
ported to be very effective, colchicine has been
shown to be beneficial only for mucocutaneous
and articular manifestations but not for severe
ocular involvement [8,102].

12.7.2.3.4
Tacrolimus (FK506)

Tacrolimus (FK506) develops a similar im-
munosuppressive activity at lower dosages than
cyclosporine A. In a few open studies with
small cohorts of Behget’s patients, low dose
tacrolimus showed good efficacy in cases of
sight-threatening posterior uveitis, in which
previous treatment with cyclosporine A had
to be discontinued either because of a lack
of response or unacceptable side effects [69,

131].

12.7.2.3.5
Mycophenolate Mofetil

Mycophenolate mofetil is a relatively new im-
munosuppressive drug. It has been successfully
used in several autoimmune ocular disorders,
e.g. corneal transplant rejection, endogenous
uveitis or atopic keratoconjunctivitis. Theoreti-
cally one should expect that mycophenolate
mofetil is also beneficial for uveitis and retinal
vasculitis due to Behget’s disease. However,
there are no data published yet as to whether
this holds true. Interestingly a prospective clin-
ical proof-of-principle study investigating the
effectivity of mycophenolate mofetil in muco-
cutaneous Behget’s disease had to be discontin-
ued because of treatment failure [2].

12.7.2.3.6
Methotrexate

Methotrexate does not play an important role in
the treatment of eye involvement. It is generally
believed that this drug has only a weak effect on
the manifestations of Behget’s disease [61].
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12.7.2.3.7
Others

Cytotoxic drugs such as chlorambucil or cy-
clophosphamide are used for very severe and
life threatening manifestations of Behget’s dis-
ease (CNS, arterial aneurysms, gastrointestinal)
[110, 148]. Thalidomide is used for therapy re-
sistant aphthous ulcers and skin lesions as well
as for exceptional cases of refractory life threat-
ening symptoms of Behget’s disease [50]. In our
opinion, for ocular disease these drugs are usu-
ally no longer indicated because of their toxic
side effects.

12.7.2.4
Immunomodulating Substances

12.7.2.4.1
Interferon-a

Interferon-a is a cytokine which belongs to the
so-called type-1 interferons and which can be
produced by virtually all somatic cells after vi-
ral infection. It exerts antiviral, antiprolifera-
tive, antiangiogenetic and immunomodulatory
effects. There are two different human recombi-
nant a-interferons (IFN-a-2a and IFN-a-2b) in
use for the treatment of viral hepatitis and
myeloproliferative syndromes, as well as for cer-
tain solid tumours and lymphomas [76].

Since the early 1990s interferon-a has be-
come more important in the treatment of severe
ocular Beheet’s disease. Several open studies
were performed to investigate the efficacy of in-
terferon-a especially in such patients with pos-
terior uveitis, panuveitis, retinal vasculitis or
cystoid macular edema who showed to be re-
fractory to previous conventional immunosup-
pressive treatment. Interferon-a-2a led to a
quick response and complete remission of ocu-
lar symptoms in more than 90% of these pa-
tients [77, 79, 134, 149]. A significant increase in
visual acuity, complete disappearance of cystoid
macular edema without additional treatment
and an only small recurrence rate even after ces-
sation of interferon therapy were also found.
Moreover interferon-a-2a led to reperfusion of
occluded retinal vessels as well as to complete
regression of retinal neovascularization in

some patients. Side effects of interferon-a-2a
were frequent but, except for hypothyroidism,
dose dependent and reversible. The develop-
ment of autoimmune phenomena during treat-
ment with interferon may be a major concern.
Pre-existing depression and psoriasis may be a
contraindication for interferon as well. Recently
published data suggest that interferon-a-2a also
leads to a better long-term visual prognosis in
severe ocular Behget’s disease than convention-
al immunosuppressants. None out of 15 eyes in 9
patients, who were treated with interferon-a-2a,
showed a decrease of visual acuity over a follow-
up period of at least 5years [25].

There exists no consensus yet on the interfer-
on dosage for treatment of Behget’s disease. In
our hands, the initial dosage necessary to
achieve optimal results is 3-6 million IU daily
for 4-8 weeks; a maintenance dosage amounts
to 3 million IU 3x/week, with a treatment dura-
tion of at least 6 months before cessation of the
drug [76]. Previous immunosuppressive treat-
ment should be discontinued and systemic cor-
ticosteroids reduced to a maximum of 10 mg
prednisolone equivalent per day before the ini-
tiation of interferon treatment to avoid possible
antagonistic effects.

Regarding published data, there may be no
doubt that interferon-a-2a is very effective in
the therapy of severe ocular Behget’s disease
and moreover superior to conventional im-
munosuppressants. Nevertheless in Germany a
randomized controlled multicentre study to
compare the efficacy of interferon-a-2a against
cyclosporine A has been initiated.

12.7.2.4.2
TNF-o Antagonists

A promising new approach for the treatment of
Behget’s disease is the use of inhibitors of tu-
mour necrosis factor alpha (TNF-a). This cyto-
kine produced by Thi-lymphocytes is assumed
to play an important role in Behget’s disease as
well as in other chronic inflammatory disor-
ders. In two case series there were a total of ten
patients with sight-threatening and refractory
posterior uveitis or panuveitis (due to Behget’s
disease in eight). Infliximab, a soluble human-
mouse chimeric monoclonal antibody to TNF-a
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(intravenously in a dosage of 3-5 mg/kg at inter-
vals of 2-8 weeks) led to rapid and effective sup-
pression of the acute inflammatory attacks. In
one patient reactivation of tuberculosis, a
known adverse effect of infliximab besides the
anaphylactic reaction, occurred [58, 128]. In an
early phase II clinical study infliximab showed
efficacy in Behget’s patients with uveoretinitis
who did not respond well to cyclosporine treat-
ment. But approximately 2 months after com-
pletion of the study, all subjects had recurrences
of uveitis. Consequently infliximab was as-
sumed to remain effective for 2 months only,
whereafter uveitis may relapse [105].In contrast
to the majority of the immunosuppressants and
to interferon-o, no more data are available so far
describing the long-term beneficial effects of
infliximab. Whether tachyphylaxia during ther-
apy occurs also remains unclear. On the other
hand, in Behget’s disease infliximab seems to be
more effective than etanercept, a soluble TNF-«
receptor [36]. For adalimumab, the latest repre-
sentative of the TNF-a antagonists, no data have
been published yet regarding its efficacy in ocu-
lar Behget’s disease.

12.7.3
Surgical Treatment

In contrast to drug therapy, ocular surgery plays
a secondary role in the treatment of eye involve-
ment due to Behget’s disease. It is usually limit-
ed to secondary complications of the ocular in-
flammation like cataract or glaucoma in the
anterior eye segment. Complications regarding
the posterior eye segment such as macular hole,
retinal detachment or persisting vitreous haem-
orrhage are usually indications for vitreoretinal
surgery.

Cataract surgery will be able to be scheduled
in most cases. However, it is highly recommend-
ed to perform this procedure only when the eye
has been at least 3 months free from inflamma-
tion in order to keep postoperative inflamma-
tion mild [59].

Laser photocoagulation is a widely used pro-
cedure which has been reported to be successful
in preventing complications of retinal and disc
neovascularization due to occlusive vasculitis

[6]. On the other hand, interferon-a-2a led to
complete regression of retinal neovasculariza-
tion in some cases [77,134]. Thus a treatment at-
tempt with this anti-angiogenetic substance
may be indicated before deletion of large parts
of the retina by laser photocoagulation.

12.7.4
Practical Treatment Recommendations

Treatment of Behget’s disease has to be adapted
to patients’ most severe symptoms, usually ocu-
lar or neurological manifestations. By close co-
operation between physicians of different disci-
plines, a therapy, which should be sufficient for
all present manifestations, has to be found.

Regarding ocular involvement exclusive lo-
cal treatment is restricted to cases with only
mild or moderate anterior segment inflamma-
tion. With the background of poor visual prog-
nosis, the first onset of vitreous or posterior
segment affection normally indicates the initia-
tion of an aggressive systemic treatment. This
first-line therapy usually consists of a combina-
tion of steroids and an established immunosup-
pressant like cyclosporine A or azathioprine. If
this immunosuppressive therapy fails, not in-
ducing remission of the disease or recurrences
under treatment occur, we do not recommend
adding a further immunosuppressive drug be-
cause of potentiating adverse effects but of
switching to interferon-a-2a. In those cases
where retinal neovascularizations are present or
an acute retinal vessel occlusion occurs, inter-
feron-a-2a may also be first-line therapy with-
out previous steroid or immunosuppressive
treatment. In our opinion TNF-a antagonists
should be reserved for those patients who either
do not respond to interferon-a-2a or in whom
interferon has to be discontinued because of
side effects, because interferon-a-2a shows a
lower recurrence rate at a similar cost. Ocu-
lar surgery should be limited to secondary
complications of eye involvement. In most
patients with ocular Behcet’s disease it should
be possible today, by early initiation of suf-
ficient medical treatment, both to preserve visu-
al acuity and to prevent secondary complica-
tions.
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Summary for the Clinician

Treatment of Behget’s disease is a challenge
and necessitates close cooperation between
different medical disciplines

Posterior eye segment involvement is
associated with poor visual prognosis and
therefore indicates early and aggressive
systemic treatment

First-line therapy usually consists of a
combination of systemic corticosteroids
and an established immunosuppressant
such as cyclosporine A or azathioprine
Novel drugs such as interferon-a-2a or
TNF-« antagonists may lead to better visual
prognosis of ocular Behget’s disease
because they are effective even if conven-
tional immunosuppression fails

In contrast to drug therapy, ocular surgery
plays an inferior role in the treatment of
ocular Behget’s disease and is limited to
secondary complications of inflammation
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Choroiditis: General Considerations and Classification

CARL P. HERBORT

Core Messages

e The choroid is the site of origin of posterior
intraocular inflammation at least as often as
the retina

e Before indocyanine green angiography
(ICGA) became available, subtle inflamma-
tory changes in the choroid were not de-
tectable and appraisal of choroiditis was
based on clinical appearance alone, leading
to an amalgamation of unrelated condi-
tions under the term “white dot syn-
dromes”

e By giving imaging access to the choroid
and by enabling lesions to be shown at an
incipient stage, ICGA has contributed to an
understanding of disease mechanisms and
has helped to classify choroiditides

e The two principal properties of the indo-
cyanine green molecule are fluorescence in
the infrared wavelengths and a macromol-
ecular behaviour because it is nearly 100%
linked to proteins

e Infrared fluorescence can be detected
through the retinal pigment epithelium
and gives imaging access to the choroid

e The macromolecular ICG-protein complex
egresses from the vascular bed only when
capillaries are fenestrated (or when larger
vessels are severely inflamed) and so im-
pregnates the choroidal stroma. Absence of
ICG fluorescence can mean non-perfusion
of the choriocapillaris or impaired diffusion
of the molecule because of the presence of
inflammatory foci

e If choroidal involvement is suspected, dual
fluorescein and ICG angiography is indicat-
ed (allows complete and thorough work-up
of inflammatory involvement of all struc-

tures and is essential for follow-up of

choroidal inflammation)
e Use a conventional fundus camera coupled
to an image digitalizing system (easier for
peripheral imaging) or a scanning laser
ophthalmoscopy system
Use one vial of 25 mg indocyanine green
diluted in 7.5 ml of physiologic saline solu-
tion (Cardiogreen, Akorn, Inc., Buffalo Grove,
IL, USA).In case of iodine allergy use iodine-
free Infracyanine (SERB Laboratories, Paris,
France)
Angiographic procedure: (1) exclude auto-
fluorescence by taking frames with the
highest flash intensity previous to the dye
injection; (2) perform early frames of the
posterior pole up to 2-3 min (early phase);
(3) perform posterior pole and 360 degree
periphery panoramic frames at 8-12 min
(intermediate phase); (4) perform fluores-
cein angiography between intermediate
and late ICGA phases; (5) perform posterior
pole and 360 degree periphery panoramic
frames at 28-35 min (late phase)
Choroidal inflammation may involve either
the choriocapillaris or the choroidal stroma,
two disease mechanisms that should be
distinguished. In the first group, including
diseases such as APMPPE, MEWDS and
multifocal choroiditis, the inflammatory
process causes choriocapillaris non-per-
fusion, whereas in the second group, includ-
ing Vogt-Koyanagi-Harada (VKH) disease
and birdshot chorioretinopathy (BC), inflam-
matory foci develop in the choroidal stroma
and are associated with inflammation of
larger stromal vessels
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Core Messages

e Stromal choroiditis should further be sub-
divided into two groups. In the first group
including diseases such as VKH and BC,
the choroidal stroma is the primary target
of the inflammatory process whereas
in most other diseases, such as sarcoidosis
and tuberculous choroiditis, the choroid
is only one of the sites of a multisystem
disease

13.1
Introduction

The choroid is the site of origin of posterior in-
traocular inflammations at least as often if not
more often than the retina. Unlike the retina,
where lesions are accessible to funduscopy at an
early stage of disease and can be analysed in
fine detail by fluorescein angiography, explo-
ration of the choroid has been very gross and
limited so far. Only choroidal foci of sufficient
importance causing yellow-white discoloration
of the fundus red reflex have been detected
through the screen of the retinal pigmentary
epithelium by fundoscopy. Fine alterations
caused by choroiditis or the early stages of dis-
ease have, however, not been accessible to imag-
ing exploration unless they produced alter-
ations on the adjacent structures such as the
overlying retinal pigmentary epithelium and/or
retina.

Therefore appraisal of choroiditis has been
mainly descriptive based on fundoscopy, with
little information on early inflammatory le-
sions, their site of origin and the potential se-
quence of inflammatory events. This approach,
purely based on clinical examination, has led to
amalgamate conditions that are similar on fun-
doscopy but are the result of completely diverse
pathologic processes [1]. This is well illustrated
by the inadequate introduction of the term
“white dot syndromes” purely based on the fun-
dus appearance of posterior segment inflam-
matory diseases [1]. Although the diseases cov-
ered by the term “white dot syndromes” vary
from one author to the other, this terminology

brings together under the same denomination
disease entities that obviously have different
origins and pathologic processes such as Vogt-
Koyanagi-Harada disease where the primary in-
sult is at the level of the choroidal stromal
melanocytes and acute posterior multifocal pla-
coid epitheliopathy (APMPPE) most probably
due to inflammation of the choriocapillaris [1].

Since the availability of indocyanine green
angiography, more detailed investigation of the
choroid has been possible, giving information
on early and/or subclinical disease, and on
the structures involved in the inflammatory
process, leading to a more appropriate classifi-
cation based on the mechanisms of choroidal
inflammation. Some of these mechanisms have
been verified histopathologically while others
are still only presumed to exist and need proof.

13.2
Indocyanine Green Angiography (ICGA)

Since the introduction of digitalized imaging
systems and the use of performing infrared
cameras, indocyanine green angiography
(ICGA) has been the object of renewed interest
because of the good quality and reproducibility
of images allowing their systematic analysis [2,
3]. A basic introduction to the principles and in-
terpretation of ICGA in inflammatory diseases
is indispensable for a comprehensive appraisal
of choroiditis going beyond the usual purely de-
scriptive approach.

13.2.1
Physicochemical Properties
of Indocyanine Green (ICG)

Indocyanine green fluoresces at 830nm and
therefore gives access to the choroidal vascular
structures through the retinal pigment epitheli-
um. The molecular weight difference between
ICG (775 daltons) and fluorescein (354 daltons)
molecules does not account for the specific an-
giogram pattern obtained with ICG as com-
pared with fluorescein. Besides the different
wavelength at which ICG fluoresces, the crucial
difference between these two fluorescing mole-
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cules comes from their binding affinity to pro-
teins [4, 5]. The ICG molecule is nearly com-
pletely protein bound and predominantly to
large-sized proteins (lipoproteins) [6], whereas
only about 80 % of fluorescein is protein bound
and predominantly to smaller proteins such as
albumins. Fluorescein leaks readily from slight-

Fig. 13.1. a Full-thickness choroidal stromal inflam-
matory lesion. Diagram illustrating the situation of a
full-thickness stromal granuloma. On both parts of
the lesion the large complex of the ICG molecule
linked to proteins is coming out from the fenestrated
choriocapillaris and produces the physiological
choroidal fluorescence except in the area of the in-
flammatory lesion (mass effect), explaining the hypo-
fluorescence seen up to the late angiographic phase.
b Partial-thickness choroidal stromal inflammatory
lesion. Diagram illustrating the ICGA situation of hy-
pofluorescent dots seen at the intermediate angio-
graphic phase, but becoming isofluorescent in the late
phase. Extrusion of the ICG complex from the fenes-
trated choriocapillaris occurs unimpaired, producing
the physiological choroidal fluorescence except in the
area of the inflammatory lesion (mass effect). With
time the ICG complex tends to accumulate around the
lesion while it is washed out in non-inflamed areas,
resulting in isofluorescence in the late phase. ¢ Diffuse
choroidal hyperfluorescence. Diagram showing addi-
tional leakage from precapillary and large choroidal
vessels in stromal choroiditis. Inflammation of larger
vessels is usually associated with inflammatory le-
sions and explains why partial thickness lesions are
erased and become isofluorescent in the late angio-
graphic phase

ly altered retinal vessels with minor damage to
the blood-retinal barrier and readily impreg-
nates tissues, whereas only major damage to
retinal vessels allows ICG to leak [7]. In the
choroid, however, ICG leaks unimpaired but
slowly from the fenestrated choriocapillaris [8]
(Fig.13.1). During recirculation more and more
ICG is entrapped in the choroidal tissue as the
ICG-protein complex is only slowly reabsorbed
into the circulation. Gradual impregnation of
the choroid occurs with time, causing inter-
mediate and late choroidal background fluores-
cence. This choroidal impregnation by ICG
fluorescence is disturbed by choroidal inflam-
matory lesions, causing mostly areas of de-
creased or absent fluorescence and/or increased
fluorescence. It is this alteration of the slow
choroidal impregnation process that is the main
parameter studied in ICGA performed for pos-
terior uveitis.
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13.2.2
Standard ICG Angiographic Protocol
for Inflammatory Diseases

A standard ICGA protocol to analyse choroiditis
has been designed [9]. The angiographic proce-
dure comprises three main phases, the early
phase up to 2-3 min showing superimposed reti-
nal and choroidal large vessels and incipient ex-
udation of the dye through the choriocapillaris
into the choroidal stroma. The intermediate
phase at about 10min shows maximum
choroidal stromal background fluorescence and
the late phase at about 32 min shows wash-out of
the dye from the general circulation with the
large choroidal vessels appearing dark against
the background stromal fluorescence [9].

13.2.3
Principles for the Interpretation
of ICGA [9, 10]

When analysing ICG in posterior inflammatory
disorders crucial differences with fluorescein
angiography interpretation have to be borne in

Hypofluorescence

mind to analyse correctly the images obtained
[10]. During initial circulation, ICG is compara-
ble to fluorescein showing the passage through
arteriovenous compartments except that it
shows superimposed retinal and choroidal cir-
culation. The difference occurs during recircu-
lation time when ICG is progressively leaking
out from the fenestrated choriocapillaris, grad-
ually and physiologically impregnating the
whole choroidal thickness.

This process can be altered in two ways that
can be associated in the same disease; either
there is a decreased fluorescence or an in-
creased fluorescence.

13.2.3.1
ICG Hypofluorescence (Fig. 13.2)

The impregnation of the choroidal space can be
absent (hypofluorescence) either: (1) by a de-
crease of the physiological extrusion of the ICG
from the choriocapillaris (non-perfusion or hy-
poperfusion) or (2) by the impairment of the
filling of the choroidal tissue by the ICG mole-
cule because of the presence of space-occupy-
ing lesions (inflammatory foci). These lesions
are hypofluorescent in the intermediate angio-

lesional process / illustrative disease entity

on follow-up
or post-therapy ICGAS
blocked fluorescence persistent - tumor
- naevus
- any tissue or fluid sufficiently thick
2 i and/or opaque (myelinated fibers,hemorhage )
intermediate
&
late hypofluorescence\\ chorioretinal atrophy persistent atrophic lesions from any etiology
(hyperfluorescent on FA)
choriocapillaris non-perfusion — persistent evolution towards atrophy (APMPPE)
resalution APMPPE MEWDS

Hypofluorescence

intermediate
hypofluorescence
&

late isoflugrascence
or hyperfluorescence

impaired choroidal ICG diffusion ——persistent

resolution

impaired choroidal ICG diffusion — resolution —
by partial-thickness stromal
choroidal inflammatery lesions

any disease causing stromal scarring only @ VKH
(no sign on FA because P.E. intact)

any full-thickness inflammatory choroidal stromal
lesion : birdshot chorioretinopathy
sympathetic ophthalmia, sarcoidosis, tuberculosis

any disease with partial thickness stromal lesion
- VKH, sympathetic ophthalmia
~ birdshot chorioretinopathy
- sarcoidois
- tuberculosis

Fig.13.2. Schematic interpretation of ICGA hypofluorescence in ocular inflammatory disease
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graphic phase. If they remain hypofluorescent
in the late phase, this signifies that the inflam-
matory lesion occupies the whole thickness of
the choroidal stroma (Fig.13.1a). When lesions
become isofluorescent in the late angiographic
phase inflammation causes only partial thick-
ness infiltrates (Fig.13.1b). Therefore, in ICGA
performed for inflammatory disorders, the
main information is obtained less from the
analysis of the early circulatory phase than from
the analysis of the altered pattern of the filling
of the choroidal space.

13.2.3.2
ICG Hyperfluorescence

Impregnation of the choroidal space can be en-
hanced (hyperfluorescence) by increased leakage
from the larger choroidal vessels. The vessels ap-
pear fuzzy in the intermediate time frames and
extrusion of the dye from large vessels causes
late diffuse hyperfluorescence (Fig.13.1¢).

In the case of the presence of inflammatory
foci in the choroidal stroma, hyperfluorescence
is associated with hypofluorescent dark dots
due to inflammatory infiltrates.

Hyperfluorescence occurs in three relevant
situations: (1) diffuse late phase hyperfluores-
cence due to leakage from precapillary or larger
non-fenestrated choroidal vessels, (2) disc hy-
perfluorescence indicating severe inflammation
and (3) hyperfluorescent pinpoints occurring in
granulomatous choroidal disease.

In most cases, unlike in fluorescein angiogra-
phy, where most pathologies produce hyperflu-
orescence, the lesions in ICGA are mostly seen
in a negative dark pattern due to impaired phys-
iological choroidal fluorescence.

13.24
Differences Between Fluorescein
and Indocyanine Green Angiography

When analysing ICGA it is of the utmost impor-
tance to abstract in most inflammatory situa-
tions two factors that are important in the inter-
pretation of fluorescein angiograms, namely
blockage and window defect. Because infrared
fluorescence can be seen through structures that

are a screen for visible light, blockage has to be
considered only if the interfering structures in
front of the choroid are sufficiently thick and/or
heavily pigmented. Similarly the notion of win-
dow defect does not usually apply for ICGA as
the retinal pigment epithelium does mostly not
act as a screen as in fluorescein angiography.

13.2.5
Clinico-pathologic-angiographic
Correlations

The pathologic processes at the origin of the
ICGA images we see have been verified histo-
pathologically for some diseases such as the pri-
mary stromal choroiditides, Vogt-Koyanagi-
Harada disease, sympathetic ophthalmia and
birdshot chorioretinopathy, as well as the
choroidal lesions of sarcoidosis, while others
can still only be hypothesized, needing ICGA-
clinico-pathologic correlations.

13.2.6
Relevance of ICGA
in Ocular Inflammatory Diseases

Indocyanine green angiography showed occult
choroidal lesions not shown by fundoscopy
and/or fluorescein angiography in 100 % of pa-
tients with a well-established diagnosis known
to involve the choroid and these findings had an
essential impact either on diagnosis or manage-
ment in 12.3% of these cases, stressing the im-
portance of ICGA for the proper management
of most inflammatory processes of the back of
the eye [11].

13.2.6.1

Indocyanine Angiography:

Indication, Technique and Characteristics
for Inflammatory Diseases of the Fundus

o If choroidal involvement is suspected, dual
fluorescein and ICG angiography is indicat-
ed (allowing complete and thorough work-
up of inflammatory involvement of all struc-
tures and essential for follow-up of choroidal
inflammation)
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e Use of a conventional fundus camera cou-
pled to an image digitalizing system (easier
for peripheral imaging) or a scanning laser
ophthalmoscopy system

e Use of one vial of 25 mg indocyanine green
diluted in 7.5ml of physiologic saline solu-
tion (Cardiogreen, Akorn, Inc., Buffalo
Grove, IL, USA). In the case of iodine allergy
use iodine-free Infracyanine (SERB Labora-
tories, Paris, France)

e Angiographic procedure: (1) exclude autofluo-
rescence by taking frames with the highest
flash intensity previous to the dye injection; (2)
perform early frames of the posterior pole up
to 2-3 min (early phase); (3) perform posterior
pole and 360degree periphery panoramic
frames at 8-12min (intermediate phase); (4)
perform fluorescein angiography between the
intermediate and late ICGA phases; (5) per-
form posterior pole and 360 degree periphery
panoramic frames at 28-35 min (late phase).

Summary for the Clinician

¢ To investigate all the superficial fundus
structures, the retinal vessels, the retinal
pigmentary epithelium (RPE, investigate
using the FA principles of blockage and
window effect) and the choriocapillaris in
the early angiographic phase, fluorescein
angiography is the examination of choice

e ICGA is indicated, unavoidable and the
examination of choice for the proper
investigation of choroidal inflammatory
involvement

e ICGA hypofluorescence results from

two mechanisms:

1. Choriocapillaris non-perfusion
(patchy/geographic disposition;
persistent or even increased hypofluo-
rescence on late frames)

2. Stromal inflammatory infiltration (more
regular dots and more even distribution)
- Hypofluorescence up to late frames

(full-thickness lesion)

- Isofluorescence on late frames
(partial-thickness lesions)

- Usually surrounded by leakage of
large choroidal vessels (fuzzy aspect in
intermediate phase followed by difuse
choroidal fluorescence in late phase)

e ICGA hyperfluorescence:

1. Inits diffuse form results from increased
leakage from larger inflamed choroidal
vessels

2. When present at the level of disc
indicates severe inflammation

3. When present in the form of numerous
hyperfluorescent pinpoints indicates
granulomatous disease

o FA principle of window effect not applica-
ble for ICGA as infrared fluorescence is

perceived through the RPE that is not a

screen in ICGA

e FA principle of blockage only rarely plays
arole in ICGA (unless thick or strongly
pigmented screen) in which hypofluores-
cence is mostly caused by choriocapillaris
non-perfusion or choroidal stromal infil-
tration

13.3

The Concepts of Inflammatory
Choriocapillaropathy

and Stromal Choroiditis [12]

Indocyanine green angiography has allowed the
reclassification of choroidal inflammation ac-
cording to the structure that is preponderantly
or initially involved. At the present stage of our
knowledge there seem to be at least two main
mechanisms of inflammation touching the
choroid.

13.3.1
Primary Inflammatory
Choriocapillaropathy (PICCP)

This first group of diseases, formerly mostly in-
cluded in the inadequate term of “white dot syn-
dromes”, results from inflammation at the level
of the choriocapillaris causing areas of chorio-
capillaris non-perfusion and its ischaemic con-
sequences both at the level of the choroid but
also at the level of the outer retina that depends
on the choriocapillaris for oxygen and nutrients.
Acute posterior multifocal placoid pigmentary
epitheliopathy (APMPPE) is a disease typically
illustrating this type of choroidal inflammation.
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13.3.2
Stromal Choroiditis

In the second group of diseases, the primary
mechanism is the development of inflammatory
foci, mostly granulomatous at the level of the
stroma appearing hypofluorescent on ICGA,
usually associated with inflammation of larger
non-fenestrated stromal vessels appearing on
ICGA as fuzzy vessels in the intermediate phase
followed by diffuse late choroidal hyperfluores-
cence. Vogt-Koyanagi-Harada disease and bird-
shot chorioretinopathy are typical illustrations
of this type of choroidal inflammation. Al-
though the mechanism is completely different
from the first type of disease, these conditions
have also been included by some authors in the
“white dot syndromes” [1].

13.3.3
Secondary Inflammatory
Choriocapillaropathy

As usual in inflammatory disorders, the inflam-
mation is not strictly limited to the primary site
of involvement but can also touch adjacent
structures. For example severe retinitis caused
by Toxoplasma gondii usually extends to the
choriocapillaris, causing secondary inflamma-
tory choriocapillaropathy [13]. Likewise severe
stromal disease can cause inflammation at the
level of the choriocapillaris and beyond to the
retinal pigmentary epithelium and to the retina
as in Vogt-Koyanagi-Harada disease.

Choroiditis can be summarized following
these new principles as follows:

Summary for the Clinician
Classification of Choroiditis

e Two main lesional mechanisms determine
the classification of choroiditis:
1. Choriocapillaris inflammation (primary
inflammatory choriocapillaropathies)
- MEWDS/AIBSE
- APMPPE
- Multifocal choroiditis/PIC

- Serpiginous choroiditis
- Rare entities: AMN,AZOOR
2. Stromal inflammation (stromal choro-
iditis) further subdivided into two cate-
gories
2.1. Primary obligatory stromal
choroiditiis
- Vogt-Koyanagi-Harada disease
- Sympathetic ophthalmia
- Birdshot chorioretinopathy
2.2. Stromal choroiditis as a random
location of systemic disease
- Sarcoidosis
- Tuberculosis
- Syphilis
- Other infectious choroiditides
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Primary Inflammatory Choriocapillaropathies

Luca CIMINO, ALESSANDRO MANTOVANI, CARL P. HERBORT

Core Messages

e The common denominator in primary in-
flammatory choriocapillaropathies is chori-
ocapillaris non-perfusion and secondary
ischaemia of the outer retina.Indocyanine
green angiograhy and early fluorescein
angiographic frames show choriocapillaris
non-perfusion. Electroretinography shows
outer retinal dysfunction and late fluores-
cein angiographic hyperfluorescent frames
are explained by the ischaemia of the outer
retina causing retinal capillaries to leak

The clinical differences between the pri-
mary inflammatory capillaropathies (PICCP)
could possibly be explained by the level
and the severity of the inflammatory insult
to the choriocapillaris circulation
Angiographic signs in inflammatory chorio-
capillaropathies: ICGA 1:in the acute phase
of disease, patchy or geographical ICGA
hypofluorescent areas of variable sizes
present in the early, intermediate and late
angiographic frames but are usually more
clearly visible on the late frames after par-
tial wash-out of ICG from choroid; ICGA 2:
in the post-acute phase, ICGA hypofluores-
cent areas represent choroidal atrophy and
scarring; ICGA 3:there are hyperfluorescent
ICGA rims around progressing (serpiginous)
lesions; FA 1:in the acute phase of disease,
early FA hypofluorescent areas indicate
choriocapillaris non-perfusion; FA 2:in the
acute phase of the disease, late FA hyper-
fluorescent areas go from faint to profuse
depending on the severity of ischaemic
process at the level of the outer retina;

FA 3:in the postacute phase, there are

°

zones of alternating areas of window effects
and masking effects indicating chorioretinal
atrophy and scars; in the convalescent
phase of disease, regression of FA signs lags
behind normalization of ICGA signs
Multiple evanescent white dot syndrome
(MEWDS) and acute idiopathic blind spot
enlargement (AIBSE): (1) viral flu-like syn-
drome often found in preceding fortnight in
up to 60 % of cases; (2) usually unilateral and
unique episode; (3) symptoms: photopsias,
scotomata, visual loss that can be severe in
some cases; (4) visual loss found in >90% of
cases: drop of visual acuity from slight to
severe, visual field changes and blind spot
enlargement; (5) fundus findings: discrete
discolorations in midperiphery and granular
aspect of macula; (6) ERG abnormal in 80%
of cases; (7) ICGA: hypofluorescent dots and
peripapillary hypofluorescence in acute
phase resolving in 4-8 weeks; (8) FA: hypo-
fluorescence (early), discretely hyper-
fluorescent foci (late) or absent FA findings
+ cystoid macular edema; disc hyperfluores-
cence; (9) spontaneous resolution of signs
and symptoms within 6-10 weeks

in £ all cases; (10) AIBSE: entity described
before the ICGA era behaving as MEWDS
without fundus signs that have probably
resolved or are subclinical

APMPPE/AMIC: (1) viral flu-like syndrome
often found in patient history; (2) symp-
toms: visual loss, scotomata, photopsias;

(3) yellowish deep bilateral discoloration

at posterior pole (with serous exudative
retinal detachments in hyperacute cases);
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Core Messages

(4) vitreitis and slight anterior uveitis that
can also be more severe; (5) ICGA: geo-
graphic hypofluorescent areas (early, inter-
mediate and late) = choriocapillaris non-
perfusion; (6) FA: hypofluorescence (early)
and hyperfluorescence (late); geographic
aspect; (7) ERG: usually normal; (8) lesions
and functional disturbances usually re-
versible without therapy (steroids some-
times given); chorioretinal scars possible

e Multifocal choroiditis: (1) recurrent chori-
oretinal inflammatory disease: photopsias,
scotoma, visual loss; (2) bilateral involve-
ment; usually unilateral in the case of PIC
(in more myopic eye); (3) small faintly
apparent active foci and older chorioretinal
scars; (4) vitreous cells in posterior vitreous
during active stage; (5) ICGA: hypofluores-
cent areas (early, intermediate and late):
scars and active foci (the latter only de-
tectable by ICG); (6) FA: early hypo- and late
hyperfluorescence (scars); active foci rarely
seen by FA; (7) subretinal inflammatory
neovascularization frequent (up to 30%);
(8) therapy: corticosteroids (and immuno-
suppressive therapy); not always successful

e Serpiginous choroiditis: (1) acute atrophy-
ing peripapillary choriocapillaritis progress-
ing centrifugally, usually bilateral but with
asymmetric involvement; (2) fundus find-
ings: acute stage: geographic white-grey to
yellow peripapillary lesions + serous de-

14.1
Introduction

The amount of evidence indicating that pri-
mary inflammation at the level of the chorio-
capillaris is a common denominator for several
diseases of the fundus has increased recently
particularly since indocyanine green angiogra-
phy (ICGA) has become available [1-3]. The
ICGA pattern correlated with functional (visual
field testing) and electrophysiologic parameters
strongly points towards choriocapillaropathy
and consequent ischaemic dysfunction of the

tachments; chronic stage: atrophic pig-
mented scars; (3) ICGA: acute: geographic
hypofluorescence (= choriocapillaris non-
perfusion) surrounded by choroidal hyper-
fluorescence. Chronic: hypofluorescence

(= atrophy); (3) FA: acute: early hypofluore-
cence and late impregnation; chronic: early
hypofluorescence and late hyperfluores-
cence (window effect) ( = atrophy); (4) evo-
lution: slowly progressing, prognosis can be
reserved; (5) treatment: empirical corticos-
teroids/immunosuppressants

Acute zonal occult outer retinopathy
(AZOOR): (1) rare disorder affecting mainly
young myopic women. Share clinical simi-
larities with MEWDS, PIC, multifocal
choroiditis and may be a variant in the
spectrum of these entities; (2) photopsia,
scotoma, visual loss are the main com-
plaints; (3) fundus findings: acute stage:
minimal in contrast to electroretinogram
alterations; chronic stage: retinal pigment
epithelium hypopigmentation and mot-
tling; (3) electroretinography and visual
field: generally impaired before visible
fundus modifications; (4) FA:normal at the
onset when no fundus alterations present.
Then RPE alterations appear as mottling
fluorescence; (5) evolution: can be self-limit-
ed without treatment; (6) empirical cortico-
steroids and acyclovir treatment have been
suggested

outer retina in the group of diseases former-
ly classified within the purely descriptive pot-
pourri group of “white dot syndromes” [4, 5].
Included in this group are multiple evanescent
white dot syndrome (MEWDS), acute posterior
multifocal placoid pigment epitheliopathy or
acute multifocal ischaemic choroiditis (APMPPE/
AMIC), multifocal choroiditis/punctate inner
choroidopathy (MFC/PIC), serpiginous choro-
iditis as well as rarer entities such as acute mac-
ular neuroretinopathy (AMN) and possibly
acute zonal occult outer retinopathy (AZOOR).
Between these rather well determined clinical
entities, intermediary forms occur that are diffi-
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cult to fit into these categories. Thus, an interme-
diary form of disease between APMPPE and ser-
piginous choroiditis has been reported to which
the name of AMPPiginous choroiditis was given
[6]. Recently another new name has been given
to a similar disease pattern having the lesional
aspect of APMPPE combined with the evolu-
tionary pattern of serpiginous choroiditis with
recrudescences and progression [7]. The authors
called these cases relentless placoid chorioretini-
tis and asked themselves whether it was a new
entity or a variant of serpiginous choroiditis [7].
This question is of limited relevance as far as its
mechanism, choriocapillaris inflammation, is
understood. It is however relevant to determine
further characteristic disease patterns to gather
information on the evolutionary pattern of such
or such “new entity” in order to determine treat-
ment strategies. A further argument for a com-
mon disease mechanism is patients presenting
two or more of these diseases at different times
as stated by Jampol and Becker [8]. It is therefore
useful to consider both the well-determined spe-
cific pathologies as well as the non-classifiable
intermediary cases as a disease spectrum, re-
grouping these conditions under the physio-
pathologic terminology of primary inflammato-
ry choriocapillaropathies. This disease spectrum
goes from a benign disease such as MEWDS at
one end to a disease such as serpiginous cho-
roiditis destroying the chorioretina at the other
end. The reason the disease behaviours are so
different from one condition to the other, re-
garding severity, recurrence and progression, al-
though the same structure seems to be involved,
is unknown and still has to be elucidated.
Primary inflammation of the choriocapil-
laris was suspected long before ICGA became
routinely available. Deutman and colleagues
were among the first authors to incriminate the
choriocapillaris rather than the pigment epithe-
lium as the primary site of injury in APMPPE
and he suggested renaming the disease acute
multifocal ischaemic choroidopathy (AMIC) |9,
10]. He based his hypothesis partly on the obser-
vation of choriocapillaris non-perfusion seen at
the very early phase of fluorescein angiography.
Fluorescein angiography is, however, incapable
of giving information on the choriocapillaris
beyond the early phases of angiography and

does not give imaging access to the rest of the
choroid. With the availability of ICG angiogra-
phy, imaging of the choroid has become possi-
ble and particularly the choriocapillaris can be
analysed angiographically not only in the very
early angiographic phases but also during later
angiographic phases [11-13]. As was suspected
earlier, ICG angiography has clearly shown that
the lesional process in APMPPE/AMIC occurs
at the level of the choriocapillaris, showing
areas of choriocapillaris non-perfusion from
early to late angiographic times [1]. ICG angiog-
raphy has also shown that the same phys-
iopathologic mechanism seems to prevail in
other entities such as multifocal choroiditis,
MEWDS and serpiginous choroiditis [14-16].
The specific entities will be analysed in detail
below and well-determined conditions will be
presented first, going from the benign end
(MEWDS) to the severe types of evolution (ser-
piginous choroiditis), followed by the less well
analysed rare forms such as acute zonal occult
outer retinopathy (AZOOR) and acute macular
neuroretinopathy (AMN) and finally the over-
lapping and intermediary forms which cannot
be classified into known entities.

14.2
Angiographic Signs
in Inflammatory Choriocapillaropathies

Indocyanine green angiographic signs in in-

flammatory choriocapillaropathies have been

well determined and have contributed to the
recognition of the common mechanism in-
volved and to the regrouping of these entities
formerly classified under the term of “white dot
syndromes”.

The following ICGA signs need to be looked
for:

1. The hallmark sign of inflammatory chorio-
capillaropathy is patchy or geographic ICGA
hypofluorescent areas of variable sizes pres-
ent in the early, intermediate and late angio-
graphic phases but usually more clearly
visible on the late frames, indicating chorio-
capillaris non-perfusion or hypoperfusion
(Fig.14.1a-c).
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perfusion. Areas of patchy or geographic ICGA hypo-
fluorescent areas of variable size present in the early,
intermediate and late angiographic phases (a) in a
case of APMPPE/AMIC, corresponding to confluent
plaques of deep fundal discoloration (b), leaving at-
rophic areas typical of serpiginous choroiditis in the
convalescent phase (c)

Fig.14.2. Diffuse perilesional choroidal hyperfluo-
rescence in subclinically progressing serpiginous
choroiditis. ICGA (right quartet of pictures) shows
many more involved areas than shown by fluorescein
angiography (left quartet of pictures) and shows hy-
perfluorescence around progressing lesions

2. Complete or partial regression of the ICGA
hypofluorescence or absence of regression in
the convalescent phase. The areas remaining
hypofluorescent in the convalescent phase
represent chorioretinal atrophy and corre-
spond to areas of window effect and masking
effect on fluorescein angiography.

3. Indiseases with a progressing course such as
serpiginous choroiditis, ICGA can show dif-
fuse choroidal hyperfluorescence at the
edges of the progressing lesions in areas hav-
ing no translation on funduscopy or fluores-
cein angiography (Fig. 14.2).

Whereas the ICGA signs are quite uniform, the

FA angiographic signs depend on the severity

and extension of the choriocapillaris non-per-

fusion and on the outer retinal damage.

1. On FA there is likewise early hypofluores-
cence showing the choriocapillaris non-per-
fusion identified on ICGA.

2. Depending on the severity of the choriocapil-
laris non-perfusion seen on ICGA, late FA
frames either show no hyperfluorescence (for
instance in mild MEWDS), discrete patchy
late hyperfluorescence seen in MEWDS or ex-
tensive late hyperfluorescence seen in
APMPPE (Fig.14.3a,b). To understand the
genesis of the FA signs, it is important to be
aware that late FA fluorescence is coming
from retinal vessels overlying areas of is-
chaemic outer retina that present increased
permeability in response to the ischaemia
due to choriocapillaris non-perfusion.
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Fig.14.3a, b. Choriocapillaris non-perfusion in a
case of APMPPE/AMIC. Choriocapillaris non-perfu-
sion is shown by patchy geographic areas of hypofluo-
rescence in the intermediate phase of angiography (fop
right picture) and in the late angiographic phase (bot-
tom left picture) that resolve almost completely in the
convalescent stage of disease 2months later (bottom
right picture). The late fluorescein frame on the top left
shows hyperfluorescence, corresponding to the ICG ar-
eas of choriocapillaris, non-perfusion, that did not de-
velop from the periphery of the lesions and that can
only be explained by leakage from the capillaries from
the inner retina in response to ischaemic signals from
the outer retina (a). The deep discoloured plaques seen
on funduscopy are explained by the retinal edema (b)

3. In the convalescent phase there is a delayed
regression of FA signs (hyperfluorescence
and staining) as compared to the regression
of ICGA signs. In the case of chorioretinal at-
rophy, window effect and masking effect due
to chorioretinal scarring are seen.

Any severe inflammation in an adjacent struc-
ture to the choriocapillaris (retina or choroidal
stroma) can cause inflammation at the level of
the choriocapillaris and produce similar angio-
graphic signs. In that situation we speak of sec-
ondary inflammatory choriocapillaropathy.

14.2.1
Angiographic Signs
in Inflammatory Choriocapillaropathies

e ICGA 1: in the acute phase of disease, patchy
or geographical ICGA hypofluorescent areas
of variable sizes present in the early, interme-
diate and late angiographic frames but are
usually more clearly visible in the late frames
after partial wash-out of ICG from choroid.

e ICGA 2:in post-acute phase, ICGA hypofluo-
rescent areas representing choroidal atrophy
and scarring

e ICGA 3: hyperfluorescent ICGA rims around
progressing (serpiginous) lesions

e FA1:inacute phase of disease, early FA hypo-
fluorescent areas indicating choriocapillaris
non-perfusion

e FA 2:in acute phase of disease, late FA hyper-
fluorescent areas going from faint to profuse
depending on the severity of the ischaemic
process at the level of the outer retina

e FA 3:in post-acute phase, zones of alternat-
ing areas of window effects and masking ef-
fects indicating chorioretinal atrophy and
scars

e In convalescent phase of disease, regression
of FA signs lags behind normalization of
ICGA signs

14.3

Patient History, Systemic

and Ocular Symptoms and Signs
in Primary Inflammatory
Choriocapillaropathies

Most cases of primary inflammatory choriocap-
illaropathies occur in young adults. Systemic
symptoms such as a flue-like and/or febrile
episode preceding the ocular disease can be
found in 50-60 % of cases, indicating a possible
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viral or other infectious or systemic trigger at
the origin of inflammatory choriocapillaro-
pathies. We have previously described a case of
APMPPE that developed just after an episode of
mumps in a young adult [17]. APMPPE has also
been described following acute group A strep-
tococcal infection [18]. Furthermore both
MEWDS and APMPPE have been described af-
ter hepatitis vaccinations [19-21]. Rather than
choriocapillaris disease caused by one given in-
fectious trigger, the pathologic process is prob-
ably that of a common pathway in response to
several different triggers. A genetic predisposi-
tion has been put forward and it might well be
that some individuals and even some races are
more or less susceptible to presenting chorio-
capillaris inflammation and occlusion or the re-
verse [8]. We found the human leucocyte anti-
gen HLA-B*s51 haplotype to be significantly
more frequently present in MEWDS patients
when compared to a normal control population
[22]. The symptoms to be searched for are pho-
topsias that are usually sufficiently pronounced
for the patient to report them spontaneously.
Frequently patients also report scotomata and
visual disturbance that can be objectively docu-
mented by testing visual acuity and visual
fields. In the acute phase patchy or geographic
yellow-white-grey discoloration of the fundus
occurs in the deep retina, recovering in the con-
valescent stage or producing definitive chori-
oretinal scars. Usually discrete signs (cells in the
posterior vitreous) orient towards an inflam-
matory process. In rare cases there can be a mild
to moderate and rarely a severe anterior uveitis
associated with the fundus findings.

14.4
Practical Attitude in Primary Inflammatory
Choriocapillaropathies (PICCP)

As a first step the characteristic ICGA patterns
for primary inflammatory choriocapillaro-
pathies (PICCP) should be identified and the FA
signs should be recorded to stage the severity of
the involvement (strong versus mild choriocap-
illaris ischaemia). Before the diagnosis of PIC-
CP is retained, an infectious cause, a neoplastic
process or a systemic vasculitis causing choroi-

dal ischaemia has to be excluded. The two most
frequent infectious causes that can mimic a
PICCP are syphilitic and tuberculous choriore-
tinitis. The neoplastic cause that has to be ex-
cluded is intraocular lymphoma and any sys-
temic vasculitis, in particular systemic lupus
erythematosus, can cause choroidal ischaemia.
On the other hand, it is easy to exclude cen-
tral serous chorioretinopathy that produces
choroidal hyperfluorescence and not hypofluo-
rescence on ICG angiography.

Finally it is useful to try to classify the case
into any of the known entities (MEWDS,
APMPPE, multifocal choroiditis, etc.) in order
to anticipate evolutionary patterns and deter-
mine a therapeutic approach (monitoring only
versus therapeutic intervention using corticos-
teroid and/or immunosuppressive therapy). In
the case of severe visual impairment, even if the
condition is known to recover spontaneously,
e.g. APMPPE, corticosteroids with or without
immunosuppressants should probably be given
as it is not known whether a well-known entity
is going to develop into an atypical intermedi-
ary form possibly more deleterious to the chori-
oretina than initially anticipated.

Summary for the Clinician
Practical Approach of PICCP

o Identify ICGA and FA angiographic signs
and their compatibility with the diagnosis
of primary inflammatory choriocapil-
laropathy; establish severity of involvement

e Exclude any infectious cause (syphilis
and tuberculosis, etc.), neoplastic process
(ocular lymphoma) or systemic vasculitis
before proposing the diagnosis of PICCP

e Try to classify each case into one of the
well-defined entities (MEWDS, APMPPE,
serpiginous choroiditis) to anticipate evolu-
tion and define therapeutic attitude

o In the case of the intermediary non-classifi-
able form of disease, monitor lesional
process closely (dual FA and ICG angio-
graphy, ERG, visual field) and introduce
corticosteroid and/or immunosuppressive
therapy in the case of persistence or exten-
sion of the ischaemic process
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14.5
Specific Entities

Some of the primary inflammatory choriocapil-
laropathies (PICCP) were sufficiently character-
istic to have been described as individual
diseases in the past such as MEWDS and
APMPPE/AMIC. It is important to try to classi-
fy each individual case into one of the well-de-
termined entities because it will help predict the
evolution of the case. Very often, however, it is
difficult to fit the case into a given category and
close monitoring including ICGA is of crucial
importance to determine the evolutionary pat-
tern. Of the 28 cases of PICCP seen in our centre
from 1995 to 2003, 11 (40 %) could not be classi-
fied into known entities and were followed as
intermediary forms.

14.5.1
Multiple Evanescent White Dot Syndrome
(MEWDS)

MEWDS was first described by Lee Jampol et al.
in 1984 [23]. It is predominant in young women,
who are 2-3 times more frequently affected than
men. A preceding flue-like episode or upper res-
piratory tract infection occurs in up to 50% of
patients if a directed history is performed [24].
Hepatitis B as well as hepatitis A vaccinations
have been associated with MEWDS [19, 20]. An
association with the human leucocyte antigen,
HLA-B*51, has been found [22].

14.5.1.1
Clinical Symptoms and Findings

Patients with MEWDS usually present with uni-
lateral visual impairment consisting of visual
loss of diverse importance (severe visual loss in
some cases) and scotomatas objectively identi-
fied by visual field testing. Characteristic symp-
toms include photopsias that are usually spon-
taneously reported by the patient. The disease
usually hits only once and the evolution is spon-
taneously favourable with restoration of visual
function within 6-12 weeks.

Fig.14.4. Multiple evanescent white dot syndrome
(MEWDS). Patchy hypofluorescent areas geographi-
cally confluent in the macula and around the optic
disc (left quartet of frames), corresponding to discrete
hyperfluorescent areas on fluorescein angiography
due to retinal leakage in response to ischaemia caused
to the outer retina by choriocapillaris non-perfusion

Funduscopy shows numerous very faint
white dots in the mid-periphery seen at disease
onset. These dots can disappear very rapidly
and are missed by the clinician if the patient
does not consult at an early stage. ICGA is espe-
cially precious in reaching a diagnosis in the sit-
uation when the patient is seen in the postacute
phase. At the convalescent stage the macula
takes a granular aspect. Inflammation is usually
moderate and limited to the vitreous but the op-
tic disc can be involved.

14.5.1.2
ICG Angiography

Indocyanine green angiography shows numer-
ous hypofluorescent dark dots predominant in
the mid-periphery and around the optic disc
where hypofluorescence is confluent (Fig. 14.4).
Interestingly these dark dots are much more
clearly delineated in the late phase and less so in
the early angiographic times, speaking more for
choriocapillaris hypoperfusion than for strict
non-perfusion, which possibly could also ex-
plain the usual favourable outcome of MEWDS.
The disposition of the lesions is more of the
patchy type except around the optic disc, where
the lesions have a more geographic form. These
ICGA lesions almost integrally resolve without
treatment in the convalescent phase of disease
after 6-10 weeks of evolution. The discrepancy
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between the very prominent ICGA signs com-
pared to the very discrete FA signs in many cas-
esis a characteristic of MEWDS. To monitor dis-
ease evolution, ICGA is the most precise
parameter to follow.

14.5.1.3
Fluorescein Angiography

The intensity of FA signs depends on the sever-
ity of choriocapillaris non-perfusion. Signs can
be quasi-absent or very minimal, consisting of
faint patchy areas of late hyperfluorescence.
They can also be very pronounced in some cas-
es. There can be an associated disc hyperfluo-
rescence. Because of the discrete and sometimes
absent FA signs, fluorescein angiography is of
limited use in MEWDS.

14.5.1.4
Visual Field Testing

Visual field anomalies are present in up to 90 %
of cases [25]. They consist of a decrease in the
central mean sensitivity, with enlargement of
the blind spot being present in 90 % of patients
associated with visual field disturbance by more
or less deep scotomata within the 30degree
zone. Visual field disturbance is well correlated
with the ICG hypofluorescent dark dots and
peripapillar hypofluorescence and recovery oc-
curs in parallel with resolution of ICGA dark
dots or the peripapillary hypofluorescent area
usually within 6-8 weeks after the acute period.

14.5.1.5
Electroretinography
and Pathophysiologic Implications

The lesional impact has been clearly localized at
the level of the outer retina by electrophysiolog-
ic analysis of the first series of MEWDS patients.
During the acute stage of MEWDS the elec-
troretinogram a-wave and the early receptor
potential (ERP) were profoundly decreased, in-
dicating outer retina/photoreceptor dysfunc-
tion [26]. These findings were confirmed by
other groups also clearly pointing towards out-
er retinal dysfunction [5, 25, 27]. The authors of
the first report localized the primary lesional

event at the level of the retinal pigment epitheli-
um (RPE) [26]. This statement, however, relies
on no sound evidence and is pure speculation. A
more logical sequence of events begins with
choriocapillaris hypo- or non-perfusion lead-
ing to ischaemic damage at the level of the RPE
and outer retina and depending on choriocapil-
laris perfusion for oxygen and nutrients, fol-
lowed by functional effects measured by ERG
and visual field testing. It has been shown that
ICGA and multifocal ERG are more sensitive
than visual field testing to detect lesions, being
able to detect subclinical disease [27, 28].

14.5.2
Acute Idiopathic Blind Spot Enlargement
(AIBSE)

Acute idiopathic blind spot enlargement (AIBSE)
was described in 1988 in a report including
seven patients that presented a peripapillary
scotoma producing symptomatic enlargement
of the blind spot objectively identified by visual
field testing. They were all young patients aged
from 25 to 39 years with a 5/2 female predomi-
nance and 2/7 patients had previous episodes
[29]. Visual acuity, colour vision, pupillary re-
sponses, funduscopy and fluorescein angiogra-
phy were all normal. The only additional abnor-
mal finding was an abnormal focal ERG
indicating retinal dysfunction around the optic
disc at the origin of the visual field defect. Most
probably AIBSE and MEWDS are the same dis-
ease with the exception of the usual fundus
findings that were not found in this and other
reports on AIBSE. As indicated by Hamed et al.,
the retinal lesions may already have subsided at
the time of examination or were subclinical
[30]. If ICGA had been available and performed
by the authors of this and subsequent reports, it
is probable that AIBSE would never have been
described as a separate entity, as ICGA is
presently the method of choice for diagnosing
atypical MEWDS in patients consulting at a lat-
er stage of the disease or presenting subclinical
disease [31]. The numerous reports on associat-
ed blind spot enlargement in many of the dis-
eases presently regrouped in the category of pri-
mary inflammatory choriocapillaropathy are an
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indication for a common physiopathogenic
mechanism [32-35]. Furthermore, the reports
including ICGA investigations in their work
show that visual field alterations are related to
peripapillary  hypofluorescence, indicating
choriocapillaris non-perfusion as the phys-
iopathogenic process at the origin of blind spot
enlargement [31, 36, 37]. This pathologic charac-
teristic, found in many of the PICCPs, seems to
indicate a common weakness of the peripapil-
lary choriocapillaris, possibly more sensitive to
closure secondary to inflammation, with subse-
quent outer retinal ischaemia and dysfunction
producing a peripapillary scotoma [35].

Summary for the Clinician

Multiple Evanescent White Dot Syndrome
(MEWDS) and Acute Idiopathic Blind Spot
Enlargement (AIBSE)

o Viral flu-like syndrome often found in
preceding fortnight in up to 60 % of cases

e Usually unilateral and unique episode

e Symptoms: photopsias, scotomata, visual
loss that can be severe in some cases

o Visual loss found in >90 % of cases: drop in
visual acuity from slight to severe, visual
field changes and blind spot enlargement

e Fundus findings: discrete discolorations
in midperiphery and granular aspect of
macula

¢ ERG abnormal in 80 % of cases

e ICGA: hypofluorescent dots and peripapil-
lary hypofluorescence in acute phase
resolving in 4-8 weeks

e FA: hypofluorescence (early), discretely
hyperfluorescent foci (late) or absent
FA findings + cystoid macular edema;
disc hyperfluorescence

¢ Spontaneous resolution of signs and symp-
toms within 6-10 weeks in + all cases

o AIBSE: entity described before the ICGA
era behaving as MEWDS without fundus
signs that have probably resolved or are
subclinical

14.5.3

Acute Posterior Multifocal Placoid Pigment
Epitheliopathy (APMPPE)

or Acute Multifocal Ischaemic
Choriocapillaropathy (AMIC)

Acute posterior multifocal placoid pigment ep-
itheliopathy (APMPPE) was first described by
Donald Gass in 1988 in a report of three female
patients aged 19, 22 and 22 years, showing rapid
loss of central vision associated with multifocal,
yellow-white placoid lesions occurring in one
eye, with sequential involvement of the second
eye, followed by resolution of the fundus lesions
and visual improvement over weeks or months
thereafter [38]. The hypothesis that was put for-
ward was an acute cellular response on the part
of the pigment epithelium to a local noxious
agent. Deutman and colleagues, based on the
choriocapillaris non-perfusion on early FA
frames, clearly indicated that it was the chorio-
capillaris rather than the pigment epithelium
that was primarily involved and he suggested
renaming the disease acute multifocal is-
chaemic choroidopathy (AMIC) [9, 10]. As for
other PICCPs, APMPPE/AMIC is preceded by a
febrile, infectious or flue-like episode in at least
half of the patients if a careful history is taken
[28,39].1t was associated with diverse infectious
episodes preceding the ocular involvement such
as mumps, streptococcal group A infection and
a hepatitis vaccination [17-19]. A clinical picture
identical to APMPPE was seen in a patient with
Lyme disease and a patient with secondary
syphilis with resolution of the acute lesions fol-
lowing treatment of the underlying cause [40,
41]. Like other PICCPs, APMPPE is predominant
in young individuals that are in the 2nd-
4th decade of life. Concerning disease mecha-
nism, there is an appreciable body of informa-
tion and evidence that the lesional process in
APMPPE is a vasculitis. On the one hand, there
is a report of systemic vasculitis that produces a
clinical picture exactly similar to APMPPE [42].
On the other hand, there are many reports of
APMPPE associated with a vasculitis elsewhere,
in the cerebellum, with associated nephritis and
meningoencephalitis [43-47].
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14.5.3.1
Clinical Symptoms and Findings

As in other PICCPs, patients present with com-
plaints of photopsias and visual disturbance.
Usually both eyes are affected. Involvement
may, however, be asymmetric and sequential in
time from one eye to the other. Visual loss is di-
verse from minimal to severe and depends on
the location of the lesions. Visual field testing
objectively identifies the scotoma the patients
report and that is localized to the areas of fun-
dus involvement. Classically, absent or only
slight anterior segment inflammation is de-
scribed, but in some cases frank anterior uveitis
can be associated with the fundus lesions. Cells
in the vitreous can be found most of the time.

On fundus examination, lesions in the acute
phase are characterized by deep plaques of yel-
low-white discoloration of the fundus of diverse
size, sometimes confluent (Fig.14.3b). In the
convalescent phase the lesions progressively
lose their dense aspect, leaving a mottled RPE
behind in the areas of maximal involvement.
Serous retinal detachment can rarely be seen in
severe cases resembling Vogt-Koyanagi-Harada
disease that should be excluded.

14.5.3.2
ICG Angiography

ICGA signs in APMPPE/AMIC are character-
ized by unevenly sized geographic hypofluores-
cent areas randomly scattered in the posterior
pole present in the early and intermediate phase
of angiography but very distinctly visible in the
late ICG angiographic phase (Fig. 14.3a). On fol-
low-up angiograms these signs resolve almost
completely with the exception of a few areas of
persisting hypofluorescence due to chorioreti-
nal atrophy [48]. Because the pattern of hypo-
fluorescence is so characteristic, most authors
that published ICGA studies on APMPPE con-
cluded that lesions were due to primary
choroidal vascular disease [2], choroidal vascu-
lar occlusion [48] or hypoperfusion [1], con-
firming what some authors had already suspect-
ed on the base of fluorescein angiography
showing choriocapillaris perfusion delay [9,
10]. ICGA gave us the additional information

not available from fluorescein angiography,
namely that the choriocapillaris perfusion delay
seen on fluorescein angiography corresponds
indeed to choriocapillaris non-perfusion.

14.5.3.3
Fluorescein Angiography

Fluorescein angiography shows equally consis-
tent and characteristic findings as ICGA. In the
acute phase there is early choriocapillaris hypo-
fluorescence, indicating perfusion delay. In the
late angiographic phase there is usually pro-
nounced hyperfluorescence corresponding to
the areas of perfusion delay seen on FA and to
the hypofluorescent areas on ICGA, reflecting
choriocapillaris non-perfusion (Fig. 14.3a). This
leakage leading to late hyperfluorescence can-
not come from the choroid as we now know that
the ICGA hypofluorescent areas correspond to
choriocapillaris non-perfusion. If it were com-
ing from the choroid we would see hyperfluo-
rescent pinpoints as in exudative VKH retinal
detachments signalling the sites of leakage of
liquid through the RPE-Bruch’s membrane
complex. Moreover, if leakage and staining were
coming from the choroid it would be expected
that the placoid lesions would stain from their
periphery inward. Therefore it makes sense to
attribute the leakage leading to the late FA hy-
perfluorescence to the vessels of the inner reti-
na that respond to ischaemic signals from the
outer retina which depends on the choriocapil-
laris for oxygen and nutrients. In the convales-
cent phase most FA signs regress except for the
mixture of window and masking effects corre-
sponding to cicatrized lesions of the RPE.

14.5.3.4
Visual Field Testing

Visual field testing objectively identifies the sco-
tomata the patients report. They correspond to
the areas of fundus discoloration that correspond
also to the hypofluorescent zones on ICGA. If the
size of the lesions is small, no scotomata and
minimal fluorescein signs are present and the
only way to make the diagnosis is by ICGA show-
ing the typical dark dots up to the late phase of
angiography without functional translation.
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Resolution of dark dots occurs in parallel
with visual field recovery in the convalescent
phase, 4-8 weeks after onset, whereas fluores-
cein angiography is less well correlated with the
evolution of the functional parameters such as
visual fields. Often fluorescein angiographic
signs, unlike in MEWDS, have not yet resolved
at the time of ICGA normalization.

14.5.3.5
Electroretinography

Astonishingly the full-field electroretinogram
shows moderate and transient abnormalities in
APMPPE [49]. This is in contrast to MEWDS,
where electroretinogaphy shows abnormalities
indicating outer retinal dysfunction in up to
80% of cases. This is possibly explained by the
fact that lesions in MEWDS are diffuse whereas
in APMPPE they are usually more limited and
focal.

14.5.3.6
Treatment

Corticosteroid and/or immunosuppressive
treatment were not proven to be useful in
APMPPE. Visual acuity and visual fields are
known to recover spontaneously in most pa-
tients. In cases with profound bilateral visual
loss, being aware of the vasculitic component in
APMPPE, we empirically prescribed systemic
corticosteroids in some severe cases with a con-
secutive good functional recovery. Recovery
could probably also have occurred without
treatment, but the high level of anxiety of the
patient has to be taken into account, which is
moreover enhanced by his knowing of the in-
flammatory nature of the disease.

Summary for the Clinician
APMPPE/AMIC

e Viral flu-like syndrome often found
in patient history

e Symptoms: visual loss, scotomata,
photopsias

o Yellowish deep bilateral discoloration at
posterior pole (with serous exudative
retinal detachments in hyperacute cases)

o Vitreitis and slight anterior uveitis that
can also be more severe

¢ ICGA: geographic hypofluorescent areas
(early, intermediate and late) = chorio-
capillaris nonperfusion

o FA: hypofluorescence (early) and hyperfluo-
rescence (late); geographic aspect

¢ ERG: usually normal

e Lesions and functional disturbances
usually reversible without therapy
(steroids sometimes given); chorioretinal
scars possible

14.5.4

Multifocal Choroiditis (MFC),

Including Punctate Inner Choroiditis (PIC),
Diffuse Subretinal Fibrosis and Presumed
Ocular Histoplasmosis Syndrome (POHS)

14.5.4.1
Introduction

The boundaries and nosological characteristics
are less well determined for multifocal choro-
iditis than for MEWDS and APMPPE. This enti-
ty is more heterogeneous than the previously
described diseases. When seen by the clinician
most of the cases already show chorioretinal
scars, as if preceding silent episodes occur be-
fore the disease becomes symptomatic at the
time of a recurrence. The cases described as
POHS in patients with a negative hypersensibil-
ity skin test to histoplasma capsulatum and
coming from non-endemic areas for histoplas-
mosis should probably be assimilated with mul-
tifocal choroiditis. The characteristics of all the
subtypes of multifocal choroiditis are: (1) the
numerous small randomly distributed chori-
oretinal scars and the recurrent behaviour of
the disease as well as the propensity to develop
secondary neovascular membranes, which is
much more frequent than in all other PICCPs.

14.5.4.2
Multifocal Choroiditis

Multifocal choroiditis occurs in the same age
groups as other PICCPs, namely in young to
middle-aged adults with women being predom-
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inantly affected [50]. Lesions tend to leave scars
and are not spontaneously reversible but seem
to respond to corticosteroid therapy. Subretinal
neovascular membranes occur in one-third of
patients [50].

14.5.4.2.1
Clinical Symptoms and Findings

The symptoms that connect multifocal choro-
iditis to all other PICCPs are the photopsias.
They are usually much more disturbing for the
patient than in other PICCPs and their duration
is protracted, being present also when there is
no clinical evidence of reactivation of the dis-
ease. The patients also report scotomata. Multi-
focal choroiditis can be bilateral, with involve-
ment usually being asymmetric, or it can be
unilateral and is then usually included in the
subtype of punctate inner choroidopathy (PIC).
Visual loss depends on the localization of the le-
sions and can be severe when lesions are close to
the fovea. Visual field testing objectively identi-
fies the scotomata the patients report and that
are localized to the areas of fundus involvement.

Classically, only slight non-granulomatous
anterior segment inflammation is present.
Therefore if anterior granulomatous uveitis is
present, a specific diagnosis, such as sarcoido-
sis, syphilis or tuberculosis, has to be excluded.
Cells in the vitreous can be found most of the
time when the disease is active but can be ab-
sent in quiet disease.

On fundus examination, the typical lesions
are small randomly distributed choroidal most-
ly atrophic yellow-white foci with pigment spots
that can sometimes become adjacent to each
other and form a ribbon of pearls (Fig.14.5a).
These lesions involve the posterior pole as well
as the periphery or both. In the active phases of
disease new lesions are not always visible and
can be very discreet on FA, whereas ICGA is the
most sensitive method for detecting new lesions
[28, 51]. One particular feature of multifocal
choroiditis is the high proportion of neovascu-
lar membranes complicating the disease.

%

Fig. 14.5 a-c. Multifocal choroiditis (MFC). Numer-
ous depigmented foci in both the right and left fun-
dus (a) in a patient presenting a second episode of vi-
sual field loss. ICGA shows an extensive area of patchy
and geographically confluent choriocapillaris non-
perfusion (b), whereas fluorescein angiography is
quasi normal except for patchy areas of late hyperflu-
orescence (c)

14.5.4.2.2
ICG Angiography

The first set of signs identifies old scarred
chorioretinal lesions and consists of hypofluo-
rescent areas persisting up to the late angio-
graphic phase, distributed at random in the fun-
dus, corresponding to hyperfluorescence on the
late fluorescein angiographic times, typical for
chorioretinal atrophy from scars of previous in-
flammatory episodes seen on fundus examina-
tion. The second set of signs can be seen in ad-
dition to the previously described signs when
choroiditis recurs or they can be seen in their
absence when it is the first episode of multifocal
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choroiditis. The signs consist of hypofluores-
cent areas, almost silent on fluorescein angiog-
raphy and not visible on fundus examination,
representing areas of new inflammatory in-
volvement (Fig. 14.5b). As in MEWDS, some cas-
es may present peripapillary hypofluorescence
translating functionally into an enlarged blind
spot [52] (Fig.14.5b). The latter signs respond to
systemic corticosteroids and can regress com-
pletely if therapy is started early.

14.5.4.2.3
Fluorescein Angiography

Fluoresein angiography shows mainly signs of
chorioretinal scarring, with window effects be-
ing associated with masking effects where there
is pigment clumping. In the active phase FA may
show faint late hyperfluorescence in areas corre-
sponding to ICGA hypofluorescent dark dots,
corresponding to new lesions (Fig.14.5¢). The
use of fluorescein angiography is, however, of lit-
tle use for assessing and following active disease,
as FA angiographic signs are often absent or
faint in new areas of inflammatory involvement,
which are, however, clearly shown by ICGA.

14.5.4.2.4
Visual Field Testing

Visual field testing can show small scotomata
corresponding to chorioretinal scars. In the ac-
tive phase, however, scotomata are larger and
correspond to the choriocapillaris non-perfu-
sion shown on ICGA. Visual field recovery is
well correlated with the regression of ICGA hy-
pofluorescent areas that occurs following sub-
Tenon’s or systemic cortocosteroid therapy [28].

14.5.4.2.5
Electroretinography

Electrophysiology in active MFC has shown that
the multifocal ERG (MERG) is diffusely de-
pressed in addition to focal areas of greater loss
corresponding to scotomata on the visual field. In
contrast to MEWDS, where recovery of the
MERG occurred in 100% of patients, MERG
recovered partially only in 78 % of patients [53].
This might be the explanation for patients con-

tinuing to be symptomatic and having photop-
sias despite apparent quiescence of the disease.

14.5.4.2.6
Treatment

There is probably sufficient anecdotal evidence
to favour corticosteroid therapy in the case of
newly diagnosed active disease or reactivation
of multifocal choroiditis. Monitoring of therapy
is best done by ICGA, which is more sensi-
tive than visual field testing for detecting active-
ly involved areas and response to therapy show-
ing regression of hypofluorescent areas [28].
Corticosteroids can be given by sub-Tenon’s in-
jections if the reactivation is unilateral or sys-
temically if there is bilateral involvement. Corti-
costeroids improve visual function in up to
60 % of patients with active disease [50]. Corti-
costeroids are especially useful if there is an as-
sociated CME. They are also given routinely in
neovascular membranes complicating MFC, be-
fore considering additional treatment modali-
ties as a proportion of vessels regress sponta-
neously or following corticosteroid therapy. If
neovessels do not regress under corticosteroids,
photodynamic therapy (PDT) should be con-
sidered [54]. Overall the prognosis is reasonably
good as a majority of patients retain a visual
acuity above 0.5 (20/40) [50].

14.5.4.3
Punctate Inner Choroidopathy (PIC)

Punctate inner choroidopathy (PIC) is a subset
of multifocal choroiditis characterized by a sim-
ilar clinical picture as far as symptoms, fundus
signs and neovascular complications are con-
cerned except that the lesions are smaller. In the
original description by Watzke and colleagues
the disease is reported to be bilateral and pre-
dominant in myopic women [55]. In our experi-
ence the disease tended to be unilateral involv-
ing predominantly the more myopic of the two
eyes. Like multifocal choroiditis, in our hands,
new lesions responded to systemic or sub-
Tenon’s corticosteroids and additional im-
munosuppressive therapy was not necessary.
Corticosteroids were also thought to have an ef-
fect on the neovascular membrane.
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14.5.4.4
Subretinal Fibrosis

In some patients the evolution of multifocal
choroiditis is associated with subretinal fibrosis
sometimes linking the atrophic scars. This type
of evolution might be due to subclinical pro-
gression of the disease. It might also reflect the
propensity of the disease to develop subretinal
neovascularization that might result in sponta-
neous fibrosis in some cases. Histopathology
has shown that active choroidal inflammation is
found in such cases [56].

14.5.4.5
Presumed Ocular Histoplasmosis Syndrome
(POHS)

Histoplasma capsulatum is a fungal organism
endemic in the Mississippi and Ohio river val-
leys. Other known endemic regions are Italy,
Central America, Turkey, Israel and Australia. In
these geographic areas there is a type of multi-
focal choroiditis that has distinctive features,
called presumed ocular histoplasmosis syn-
drome (POHS) probably caused by the dissemi-
nation of the organism after pulmonary inhala-
tion [57]. Diagnosis of exposure to histoplasma
capsulatum is performed by performing histo-
plasma capsulatum hypersensitivity skin test-
ing. In the case of a positive skin test and the
presence of multifocal choroiditis the diagnosis
of POHS has to be considered. In non-endemic
areas this terminology should not be applied
and the diagnosis of POHS should be ques-
tioned unless there is a positive skin test. The
criteria that differentiate POHS from multifocal
choroiditis are the absence of anterior chamber
reaction, punched-out multifocal lesions also in
the periphery (histospots) and peripapillary
scarring and an asymptomatic course unless
neovascular membranes develop. ICG angiog-
raphy has shown that POHS tends not to show
the hypofluorescent areas seen in MFC in the
case of active disease but shows pinpoint hyper-
fluorescent ICGA spots not detected by fundus-
copy or fluorescein angiography [58]. We feel
that the term POHS should not be used in pa-
tients with a negative skin hypersensitivity test
and/or patients not living in endemic areas

and/or patients not showing the typical hyper-
fluorescent pinpoints. In such cases, patients
should be classified as multifocal choroiditis for
the sake of clarity.

Summary for the Clinician
Multifocal Choroiditis

o Recurrent chorioretinal inflammatory
disease: photopsias, scotoma, visual loss

¢ Bilateral involvement; usually unilateral in
the case of PIC (in more myopic eyes)

e Small faintly apparent active foci and older
chorioretinal scars

e Vitreous cells in posterior vitreous during
active stage

e ICGA: hypofluorescent areas (early,
intermediate and late): scars and active foci
(the latter only detectable by ICG)

e FA: early hypo- and late hyperfluorescence
(scars); active foci rarely seen by FA

o Subretinal inflammatory neovasculariza-
tion frequent (up to 30 %)

o Therapy: corticosteroids (and immunosup-
pressive therapy); not always successful

14.5.5
Serpiginous Choroiditis

Serpiginous choroiditis is a progressive recur-
rent primary inflammatory choriocapillaropa-
thy that leads to non-reversible destruction of
the chorioretina and is situated at the “malig-
nant” end of the spectrum of PICCPs [59]. It is
also called geographical or helicoid choro-
idopathy [60, 61] and affects more elderly pa-
tients in addition to the young healthy adult age
group traditionally affected by the other PIC-
CPs. In India, however, patients are of the same
young adult age group as all other PICCPs [62].
Before retaining the diagnosis of serpiginous
choroiditis, infectious chorioretinitis, in partic-
ular tuberculosis and syphilis, has to be exclud-
ed [41, 63]. Presumed choroidal tuberculosis
may present as a multifocal progressive choro-
iditis resembling serpiginous choroiditis [63].
Serpiginous choroiditis seems to be kept from
progressing by combined corticosteroid and
immunosuppressive therapy.
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14.5.5.1
Clinical Symptoms and Findings

Patients usually consult because of loss of vi-
sion, metamorphopsias and scotomata. Photop-
sias seem to be less in the foreground in serpig-
inous choroiditis than in other PICCPs. The
anterior segment is usually uninflamed whereas
minimal to mild vitreitis is usually associated
with the choroiditis. The active lesions appear
as grey-yellow-white deep lesions beginning in
the peripapillary region and progressing in a
centrifugal fashion. The type of progression of
lesions and scar formation can have a serpigi-
nous (pseudopodial) or a geographic (map-
like) pattern [60, 61]. The lesions are usually bi-
lateral but involvement is asymmetric. In India
involvement tends to be more often unilateral
[62]. Visual function impairment depends on
the location and progression of the lesions
(Fig.14.6). Curiously, the fovea seems to be
spared for some time by the process, leading,
however, to severe visual loss when it is ulti-
mately involved. Subretinal neovascular mem-
branes occur in up to 30 % of cases and can have
the same aspect as recurrent active lesions. The
best diagnostic procedure to distinguish neo-
vascular membranes from reactivating disease
is ICGA, showing early hyperfluorescence in
neovascular membranes instead of the hypoflu-
orescence characteristic of new serpiginous le-
sions [48].

Fig.14.6. Serpiginous choroiditis. Typical aspect of
chorioretinal atrophy and scarring that originated
from the optic disc and progressed despite therapy,
progressively involving the whole posterior pole

14.5.5.2
ICG Angiography (Fig. 14.2)

Indocyanine green angiography of old lesions
shows mainly hypofluorescent areas up to the
late angiographic phase, indicating chorioreti-
nal scarring and atrophy [64]. In areas of active
disease progression, ICGA shows hypofluores-
cent areas that go beyond the lesions apparent
on funduscopy and/or fluorescein angiography
[28]. Another ICGA sign that can give informa-
tion on the activity of the process is diffuse per-
ilesional hyperfluorescence [28].

14.5.5.3
Fluorescein Angiography (Fig. 14.2)

Fluorescein angiography of the active progress-
ing edges appears as hypofluorescent in the ear-
ly phase with progressive late staining, a pattern
compatible with outer retina ischaemia. Older
lesions appear as window defects associated
with blockage caused by pigment clumping, a
typical pattern for chorioretinal atrophy and
scars [61].

14.5.5.4
Visual Field Testing and Electrophysiology

Visual field testing shows scotomata correspon-
ding to the atrophic lesions but is not sensitive
enough to detect functional impairment caused
by new active lesions [64]. If the central macula
is at risk of being involved, follow-up with the
Amsler grid is probably of utility. Electrophysi-
ology is of little help in the appraisal of serpigi-
nous choroiditis, often being normal unless ex-
tensive areas are involved [60, 65].

14.5.5.5
Treatment

There is no therapeutic regimen proven to be ef-
ficient on the basis of controlled studies in ser-
piginous choroiditis. Corticosteroids and im-
munosuppressants are often used although the
results of such treatments are conflicting [66].
Maintenance of remission has been reported
using early immunosuppressive therapy [67].
Reports of recurrence of disease in cases where
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these treatments were discontinued, however,
represent a strong argument for proposing such
treatments, explaining to the patient the lack of
scientifically proven evidence of efficacy and
the potential side effects of therapy. Because of
the deleterious prognosis of serpiginous choro-
iditis, we favour the attitude to introducing sys-
temic corticosteroid therapy and monitoring
disease response using dual FA/ICGA angiogra-
phy. In the case of insufficient response or effica-
cy, we tend to introduce empirically immuno-
suppressive agents beginning with azathioprine
(2.5-3 mg/kg/day), alternatives being mycophe-
nolate mofetyl (1-2g/day) and cyclosporine
(3-4 mg/kg per day) with “a la carte” tapering. In
the case of visual threat to the fovea, triple im-
munosuppressive therapy should be considered
followed by cautious tapering of therapy [64].
In the case of the development of neovascu-
lar membranes complicating serpiginous choro-
iditis, an increase in corticosteroid and/or im-
munosuppressive therapy should be considered
before additional therapy such as photodynam-
ic therapy (PDT) is considered. Photodynamic
therapy seems to be of some use in subretinal
neovascular membranes of inflammatory ori-
gin, but studies and large series are lacking [54].

Summary for the Clinician
Serpiginous Choroiditis

e Acute atrophying peripapillary chorio-
capillaritis progressing centrifugally,
usually bilateral but with asymmetric
involvement

o Fundus findings: acute stage: geographic
white-grey to yellow peripapillary lesions
+ serous detachments; chronic stage:
atrophic pigmented scars

o ICGA: acute: geographic hypofluorescence
(= choriocapillaris non-perfusion) sur-
rounded by choroidal hyperfluorescence.
Chronic: hypofluorescence (= atrophy)

e FA: acute: early hypofluorescence and late
impregnation; chronic: early hypofluores-
cence and late hyperfluorescence (window
effect) (= atrophy)

¢ Evolution: slowly progressing, prognosis
can be reserved. Treatment: empirical
corticosteroids/immunosuppressants

14.6
Rare Entities

14.6.1

Acute Zonal Occult Outer Retinopathy
(AZOOR) and Acute Annular Outer
Retinopathy (AAOR)

Gass described in 1993 a syndrome character-
ized by photopsias, acute bilateral loss of outer
retinal function, minimal initial fundus changes
and an abnormal ERG, which he called acute
zonal occult outer retinopathy (AZOOR). This
entity shares clinical similarities with MEWDS,
acute idiopathic blind spot enlargement, punc-
tate inner choroidopathy, multifocal choroiditis
with panuveitis and acute macular neuroretino-
pathy [68]. All these conditions predominantly
affect young myopic women complaining of
photopsias with scotomata and ERG abnormal-
ities, which led Gass to speculate that they could
be variants of the same pathology [8, 69].

14.6.1.1
Clinical Symptoms and Findings

Patients complain of photopsia and scotomata
involving one or several zones of the visual field.
A preceding flu-like illness is found in about
20 % of patients [69]. Acute visual loss is present
at the onset, which can stabilize within months
or progress over years. On fundoscopy, there is
characteristically a discrepancy between the
acute visual complaints and the normal appear-
ance of the fundus in the majority of cases
(91%) [69]. But with the progression of the dis-
ease, retinal pigment epithelium (RPE) changes
such as hypopigmentation and mottling of the
RPE simulate retinitis pigmentosa like evolu-
tion, with vascular sheathing and retinal vascu-
lar narrowing in more severe cases.

14.6.1.2
Angiography

To date there is limited or no information on
ICGA signs in AZOOR, but choriocapillaris dis-
ease can be anticipated. Fluorescein angiogra-
phy is normal at the onset when fundoscopy
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shows no alterations and then with chronicity,
alterations of the RPE become manifest and are
objectively shown by fluorescein angiography.

14.6.1.3
Visual Field Testing

There is variability in visual field loss, the most
frequent being an enlarged blind spot but pe-
ripheral visual field contraction can also occur.
Visual field scotoma can stabilize within months
in some cases but progress in evolutive cases.

14.6.1.4
Electroretinography

The full-field electroretinogram (ERG) shows
extensive abnormalities that contrast with the
limited fundus involvement but are correlated
to the extent of visual field alterations. Both sco-
topic and photopic responses are generally af-
fected and ERG shows the extent of involvement
of the outer retina dysfunction [69].

14.6.1.5
Treatment

Systemic corticosteroids have been used to treat
AZOOR sometimes in association with acyclovir
based on a very hypothetical theory on a possi-
ble viral involvement, but interpretation of the
therapeutic effect is difficult because sponta-
neous stabilization of the disease can occur [69].

Acute annular outer retinopathy (AAOR) was
first described by Luckie and colleagues and is
characterized by visual field loss corresponding
to a ring of white-grey discoloration of the reti-
na evolving towards chorioretinal thinning [70],
and should probably be classified with AZOOR
in the acute zonal outer retinopathies [71].

Summary for the Clinician

Acute Zonal Occult Outer Retinopathy
(AZOOR)

o Rare disorder affecting mainly young
myopic women. Shares clinical similarities
with MEWDS, PIC, multifocal choroiditis
and may be a variant in the spectrum of
these entities

¢ Photopsia, scotoma, and visual loss are the
main complaints

¢ Fundus findings: acute stage: minimal in
contrast to electroretinogram alterations;
chronic stage: retinal pigment epithelium
hypopigmentation and mottling

o Electroretinography and visual field: gener-
ally impaired before visible fundus modifi-
cations

e FA:normal at the onset when no fundus
alterations are present. Then RPE alter-
ations appear as mottling fluorescence

e Evolution: can be self-limited without
treatment. Empirical corticosteroids and
acyclovir treatment have been suggested

14.6.2
Acute Macular Neuroretinopathy (AMN)

Acute macular neuroretinopathy (AMN) is
a rare chorioretinopathy affecting young
adults mono- or bilaterally, producing disturb-
ing symptoms of photopsia and often occurring
after a flu-like illness like many of the other PIC-
CPs [72]. Visual loss is variable and fundus
changes are characterized by large macular or-
ange-brown plaques (Fig.14.7). Fluorescein an-
giography shows early choroidal hypofluores-
cence or can be unremarkable. The visual field
can show a central scotoma. The photopsias,
clinical signs and functional tests usually recov-
er without sequels within weeks or months.
AMN has been described in association with
MEWDS in the same patient linking the disease
to the other PICCPs [73]. The whole picture of
this entity corresponds perfectly to and is char-
acteristic of PICCPs, but the rarity of its occur-
rence has prevented ICGA analysis so far. We re-
cently saw a patient examined in the early phase
showing the typical fundus colour changes as-
sociated with ICGA hypofluorescence of the
whole macular area, indicating choriocapillaris
pathology and linking the disease to the PICCPs

(Fig.14.8).
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Fig.14.7. Acute macular neuroretinopathy (AMN).
Typical dark discoloration of the posterior pole

Fig.14.8. Choriocapillaris non-perfusion in AMN.
Patient presenting with visual field changes and dark-
ened posterior pole, showing geographic hypofluo-
rescence compatible with choriocapillaris non-perfu-
sion

14.7

Overlapping Clinical Pictures in PICCPs:
The Choriocapillaris

as the Common Denominator of PICCPs

14.7.1
Association of Different PICCPs
in the Same Patient

Several articles have reported clinical cases
combining two or more of the PICCP entities
described here above. Holz and colleagues de-
scribed acute zonal occult outer retinopathy
(AZOOR) associated with multifocal choro-
idopathy [74]. Association of MEWDS and mul-
tifocal choroiditis in the same patient has been
described in several reports and evolution from
MEWDS to MEC as well as the reverse has been
reported [35,75,76]. Association in the same pa-
tient of acute macular neuroretinopathy and
MEWDS has been described by Gass, who sug-
gested that AMN was part of the MEWDS/AIB-
SE spectrum [73]. These and other reports
represent a considerable body of evidence
suggesting a common denominator for all the
PICCPs which has to be sought at the level of the
choriocapillaris.

14.7.2
Intermediary Forms of PICCP

In addition to the cases in which more than one
clinical entity are associated in one patient, it is
not uncommon to have intermediary forms that
are difficult to classify within one or the other
subset of PICCP. Either they have a hybrid pres-
entation or they have the morphology of one
disease and the evolution of another, such as
APMPPE, with a disease course characterized
by recurrences behaving like serpiginous
choroiditis, or there are atypical cases that can-
not be classified within a determined subset but
for which ICGA shows that the pathology is de-
finitively situated at the level of the choriocapil-
laris (Fig. 14.1a—c). When a sufficient number of
cases of an intermediary or non-described form
behaving similarly are collected, this allows the
description of a new entity as has happened
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with a series of cases presenting as APMPPE
having a subsequent evolution more compatible
with serpiginous choroiditis first termed AMP-
Piginous choroiditis and later described as re-
lentless placoid chorioretinitis [7]. In this report
of six patients the acute retinal lesions were
similar to APMPPE or serpiginous choroiditis
but had a prolonged progressive course and
widespread distribution of lesions [7]. Along the
same line of evidence, Gupta and colleagues,
in one of the largest series of serpiginous
choroiditis reported so far, indicate that in their
part of the world all cases having the initial fea-
tures of APMPPE showed progression resem-
bling serpiginous choroiditis during follow-up
[61].

14.7.3
Unclassifiable Primary Inflammatory
Choriocapillaropathies

It is important to realise that this is a spectrum
of diseases involving the choriocapillaris in di-
verse fashions and diverse degrees of severity
and that even when the entity seems to be de-
fined it is important to perform a close follow-
up.

This situation is well illustrated by a case re-
cently seen in our centre presenting with macu-
lar chorioretinal atrophy (Fig.14.9a). The 42-
year-old male patient had presented an acute
decrease of visual acuity and a central scotoma
in his left eye 3 weeks after a flu-like febrile ill-
ness that occurred while the patient was staying
in Southeast Asia. He consulted an Emergency
Ophthalmology Department and a drop of visu-
al acuity to 0.1 was noted OS with full vision OD.
The ICGA showed severe central choriocapil-
laris non-perfusion (Fig.14.9b). A complete
uveitis work-up was performed but was nega-
tive; in particular there was no evidence of
syphilis and tuberculosis and no action was un-
dertaken. Two weeks later a decrease of visual
acuity and scotoma occurred OD and the pa-
tient was seen in a neighbouring country and
again no action was undertaken as the diagno-
sis made was APMPPE. During the whole
episode the patient complained of moderate to
severe headaches. The patient was seen in our

Fig. 14.9 a-d. Unclassifiable primary inflammatory
choriocapillaropathy (PICCP). Patient presenting
with bilateral macular chorioretinal cicatricial atro-
phy (a), low visual acuity and central scotomata,
3months after the acute episode during which ICGA
had been performed showing macular choriocapil-
laris non-perfusion (b). The recent ICGA shows fuzzy
edges indicating residual activity (c) that responds to
corticosteroid therapy with delineation of the atro-
phy and resolution of some of the dark dots (d)

centre 3months later with a visual acuity re-
duced to 0.10U and central chorioretinal atro-
phy well seen on FA and ICGA (Fig.14.9¢).
High-dose steroid therapy was undertaken that
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contributed to stabilization of ICGA lesions and
improvement of visual field findings, but visual
acuity remained low (Fig. 14.9d). The first ICGA
clearly showed choriocapillaris disease in this
case; however, it cannot be classified into one of
the known entities. Close follow-up of all in-
flammatory choriocapillaropathies is mandato-
ry and empiric corticosteroid and/or immuno-
suppressive therapy should probably be tried in
those cases with a deleterious functional evolu-
tion.

14.8
Conclusion

Primary inflammatory choriocapillaropathies
are caused by an inflammatory lesional process
producing disturbance in the perfusion of the
choriocapillaris and functional disturbance in
the outer retina [1-5, 10, 14, 19]. The lesional
pattern of non-perfusion is different from one
PICCP disease to another, producing benign
conditions at one end of the spectrum such as
MEWDS and deleterious conditions at the other
end of the spectrum such as serpiginous
choroiditis, with numerous intermediary forms
including well-described entities and unclassi-
fiable cases as well as an association of different
entities. The factor determining the behaviour
of each type of PICCP is not known but proba-
bly has to do with the level and severity of vas-
cular damage to the choriocapillaris. Although
the precise inflammatory scenario is not known,
we now know what structure is primarily in-
volved and we have now the means with the ad-
vent of ICGA to monitor the choriocapillaris
closely and with multifocal ERG to measure bet-
ter the functional impact on the outer retina
and possibly prevent visual loss by introducing
potentially effective immunosuppressive thera-
py until more appropriate therapies are found,
in order to try to preserve vision in those cases
that take a deleterious course.
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Stromal Choroiditis

Nabpia BoucHENAKI, CARL P. HERBORT

e Histopathology has shown that stromal
choroiditis is characterized by inflammato-
ry, mostly granulomatous, foci of different
sizes

These foci appear as hypofluorescent areas
on indocyanine green angiography (ICGA)
ICGA has shown, in addition to the hypoflu-
orescent dark areas, hyperfluorescent large
choroidal vessels and late diffuse hyperflu-
oresence indicating choroidal vasculitis

¢ Vogt-Koyanagi-Harada disease is a good
example of primary stromal choroiditis as
the immune mediated process is specifical-
ly targeting the stromal melanocytes

ICGA can detect the early inflammatory
events when disease is still subclinical and
has not yet caused secondary inflammation
to neighbouring structures such as the reti-
na (exudative retinal detachment)

ICGA is essential in optimal follow-up of VKH
Birdshot chorioretinopathy (BC) is a partic-
ular disease, as the choroid and the retina
are involved in parallel, inflammation of
one structure not being secondary to
inflammation occurring in the neighbour-
ing structure

Choroidal involvement in BC should be
considered a primary stromal choroiditis,
although the target has not yet been
identified

Choroiditis due to sarcoidosis illustrates
the second group of stromal choroiditides
where the choroid is only the innocent by-
stander of an inflammatory reaction that
involves the choroid at random but is not
specifically directed towards the choroid

15.1
Introduction

Since indocyanine green angiography (ICGA)
has become available, it has become possible to
investigate stromal choroidal inflammatory dis-
ease in a more subtle way and detect lesions
even at an early, often subclinical stage of evolu-
tion which has not been accessible so far to in-
vestigational tests [1].

The primary lesion of stromal choroiditis is
the inflammatory, mostly granulomatous focus.
Depending on the extension of the granuloma,
full-thickness or partial thickness, the ICGA
image will be influenced. In contrast to pri-
mary inflammatory choriocapillaropathies, the
mechanism of stromal choroiditis has been
proven with the help of anatomo-clinical-an-
giographic correlations. Histopathology has
been available for some time for Vogt-Koyana-
gi-Harada disease, sympathetic ophthalmia and
sarcoidosis and recently granulomas have been
found in an autopsy case of birdshot chori-
oretinopathy [2-4].

Different pathologic behaviours have to be
distinguished to better understand the lesions
seen by fundus examination and FA and ICG
angiography. They will help us progressively
gain a physiopathogenic rather than a descrip-
tive approach to choroiditis. At least three le-
sional events can take place in the choroidal
stroma. The first group of diseases includes the
entities where the choroidal stroma is the elec-
tive target of the inflammatory process. They
can be called the primary obligatory choroitides
and include Vogt-Koyanagi-Harada disease,
sympathetic ophthalmia and birdshot chori-
oretinopathy. Their lesions are characterized by
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multiple even sized regularly distributed lesions
on ICGA. They initially have a minimal effect on
the adjacent structures, the retinal pigment ep-
ithelium and the retina, which become only sec-
ondarily involved when disease severity pro-
gresses, resulting in the exudative retinal
detachments seen in severe Vogt-Koyanagi-
Harada disease. The second group of diseases
includes systemic inflammatory or infectious
diseases that can involve the choroid by chance,
including sarcoidosis, tuberculosis and syphilis.
Unlike the first group, the size of the lesions is
uneven and distributed more at random. The
third group includes infectious choroitides de-
veloping after haematogenous spread of the in-
fectious agents that become trapped because of
the sponge-like structure of the choroid and
produce foci, endogenous candida choroiditis
being one example.

The specific ICGA signs that can be seen in
varying proportions according to the type of
disease on which this classification relies are as
follows:

1. Even, regularly distributed ICGA hypofluo-
rescent dots in the case of birdshot chori-
oretinopathy, Vogt-Koyanagi-Harada disease
and sympathetic ophthalmia, or variously
sized hypofluorescent areas in the case of
sarcoidosis or tuberculosis present in the
early and intermediate phase remaining hy-
pofluorescent in the late phase (full thickness
inflammatory foci) or becoming isofluores-
cent in the late phase in the case of partial
thickness inflammatory foci, indicating a
mass effect [5].

2. Around the inflammatory lesions seen as hy-
pofluorescent dark dots the larger choroidal
vessels lose their normal aspect and appear
fuzzy, indicating choroidal vasculitis that al-
lows pathologic extrusion of the ICG com-
plex at the origin of late diffuse choroidal hy-
perfluorescence [5].

15.2
Specific Entities

15.2.1
Primary Stromal Choroiditis

Primary obligatory stromal choroiditis com-
prises several conditions where the inflamma-
tory process is selectively targeting choroidal
stromal structures. In Vogt-Koyanagi-Harada
disease the target is probably a melanin-associ-
ated protein and a similar process is probably
occurring in sympathetic ophthalmia. The reg-
ular pattern and the even distribution of
choroidal lesions of birdshot chorioretinopathy
shown in a recent histopathological report also
strongly suggest targeted stromal inflammatory
involvement in birdshot chorioretinopathy.

15.2.1.1
Vogt-Koyanagi-Harada Disease

Vogt-Koyanagi-Harada (VKH) disease is a bi-
lateral, granulomatous panuveitis with exuda-
tive retinal detachments associated with sys-
temic manifestations such as meningeal signs
and cutaneous signs (poliosis, alopecia, vitiligo)
and dysacusis [6]. There is now enough evi-
dence to indicate that the disease is caused by an
autoimmune process against melanocytes or an
antigen present in these cells, namely tyrosinase
or tyrosinase related protein [7]. As for most of
these autoimmune diseases an infectious event
due to one or several different commonly occur-
ring pathogens probably triggers the reaction in
susceptible individuals [7]. The disease is more
prevalent in Asians, in particular Japanese [8,9],
in Hispanics and native Americans, but can oc-
cur in any individual of any race. A genetic pre-
disposition to the disease that can be suspected
as an association with class II human leucocyte
antigens (HLA) has been established, mainly
HLA-DR4 locus for Japanese [10],and HLA-A31
and HLA-Bss5 for Koreans [11].

Histopathologic evaluation reveals thicken-
ing of the choroid with stromal cellular inflam-
mation constituted by macrophages, lympho-
cytes and epithelioid cells containing melanin.
Chronic inflammation and recurrences lead to
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the loss of choroidal melanocytes and to the ap-
pearance of sunset glow fundus [12].

In the posterior segment of the eye the pri-
mary insult is known to occur at the level of the
stromal melanocytes of the choroid. The lesion-
al process in this disease defines VKH as a
strictly primary choroidal stromal inflammato-
ry disease and involvement of the adjacent
structures is only secondary to choroidal dis-
ease. VKH is therefore the typical example of a
primary stromal choroiditis as is the case for
sympathetic ophthalmia and birdshot chori-
oretinopathy (see below).

15.2.1.1.1
Clinical Symptoms and Findings

VKH disease classically evolves in four phases:
prodromal with a flu-like illness, headache, tin-
nitus, and vertigo, followed within a few days by
an ocular phase consisting of acute uveitis with
optic disc hyperaemia and swelling, and charac-
teristic multifocal exudative serous retinal de-
tachment (Fig. 15.1a). Lesions are mostly bilater-
al and can resolve if adequate and prolonged
corticosteroid therapy is introduced at an early
stage [19].If not, the inflammation develops into
a chronic recurrent disease leading after months
or years to a convalescent stage characterized by
depigmentation at the level of the choroid (sun-
set glow fundus), and peripheral yellow-white
small round chorioretinal atrophic lesions cor-
responding to scars of Dalen-Fuchs nodules
(small yellowish lesion corresponding histo-
pathologically to foci of epithelioid cells con-
taining pigment located between Bruch’s mem-
brane and the retinal pigment epithelium)
(Fig. 15.1b). With chronic evolution, diffuse reti-
nal pigment epithelium alterations classically
appear as a “salt-and-pepper” fundus appear-
ance [13].

In 1999 an international VKH disease com-
mittee was created and reintroduced diagnostic
criteria for VKH disease [14, 15] (Table 15.1).

15.2.1.1.2
Indocyanine Green Angiography [16]

The main characteristics seen on ICGA in the
acute phase of the disease are the presence of
disseminated, even, regularly distributed hypo-
fluorescent dark dots in the intermediate phase
(Fig.15.1¢). For the most part these hypofluores-
cent dots remain hypofluorescent in the late an-
giographic phase, but some become isofluores-
cent, indicating partial thickness choroidal
infiltration. In association there are fuzzy
choroidal leaking vessels indicating choroidal
vasculitis that can be very severe in some cases
(Fig.15.1d). The corollary of fuzzy vessels in the
intermediate phase is late phase diffuse choroidal
hyperfluorescence. In very acute disease the disc
that is usually hypofluorescent can become hy-
perfluorescent, indicating severe papillitis. In the
case of exudative detachments, ICGA shows the
same hyperfluorescent pinpoints seen on fluores-
cein angiography. These signs all regress with
treatment. ICGA was found to be essential not
only for the diagnosis in the atypical cases but
also for the follow-up, where it can detect sub-
clinical recurrences. It also contributes to reduc-
ing the number of apparently unilateral cases by
showing fellow eye subclinical involvement.

15.2.1.1.3
Fluorescein Angiography

In the acute stage of the disease or during recur-
rences, serous exudative detachments appear as
multifocal hyperfluorescent pinpoints showing
the leaking points at the level of pigment epithe-
lium also seen on ICGA. FA also shows late pool-
ing of the dye in the subretinal space (Fig. 15.1€).
Optic disc staining and leakage also appears in
the acute phase. In the chronic stage, FA clearly
shows the diffuse retinal pigment epithelium al-
terations classically appearing as a mixture of
window and masking effects as a consequence
of the exudative retinal detachment, the limits
of which are well shown and called highwater
marks. In the chronic phase a hyperfluorescent
“hot” disc may be the only fluorescein angio-
graphic sign indicating inflammatory activity,
whereas ICGA can show subclinical choroidal
granuloma.
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Fig.15.1 a-e. Vogt-Koyanagi-Harada disease. Ex-
udative retinal detachments (a); scars of Dalen-Fuchs
nodules (b); typical regularly distributed hypofluo-
rescent dark dots indicating numerous choroidal
granulomas (ICGA) (c); hypofluorescent dark dots
surrounded by indistinct fuzzy choroidal vessels
(ICGA) (d, top frame) showing normalization after
only 3 days of pulse intravenous corticosteroid injec-
tions (d, bottom frame); fluorescein angiographic im-
age of exudative retinal detachments (e)
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15.2.1.1.4
Additional Diagnostic Modalities
and Differential Diagnosis (Table 15.1)

Echography may be of interest in the work-up of
VKH when the media are opacified or pupillary
dilatation is difficult. It can show thickening of
the posterior choroid and serous retinal detach-
ments. Echography is, however, not sufficient to
detect subtle intrachoroidal inflammatory le-
sions. In order to standardize the appraisal of
VKH cases new diagnostic criteria have been
worked out to better determine the stage and
severity of the disease internationally [14, 15].
These criteria are, however, still inadequate be-
cause cerebrospinal pleiocytosis is not explicit-
ly required in the absence of other neurologic
symptoms or signs. In non-endemic areas, lum-
bar puncture remains essential for diagnosis.
Without it the diagnosis of VKH could not have
been done in over 80 % of our cases. On the oth-
er hand, ICGA is not mentioned at all as a means
of identifying subclinical choroidal inflamma-
tion.ICGA would contribute to reducing the fre-
quency of apparently unilateral VKH by detect-
ing subclinical involvement in the fellow eye
and so avoiding the cases that do not fulfil the
diagnostic criteria only because the investiga-
tional tools with proper sensitivity are not used.

15.2.1.1.5
Treatment

Systemic high-dose corticosteroids are the
mainstay of VKH treatment [17, 18]. The intro-
duction of therapy should be prompt and ag-
gressive to shorten the duration of the disease
and possibly avoid the progression into a chron-
ic stage [19]. Intravenous pulse methylpred-
nisolone injections should be given for 3 days in
acute initial or recurrent disease to be followed
by high-dose (1.5-2mg/kg prednisone) oral
therapy. Slow tapering over 9-12 months is nec-
essary. Additional immunosuppressants can be
discussed if clinical or ICGA recurrence pre-
dicts a high response threshold to corticos-
teroid therapy. In chronically evolving disease, it
was shown that despite apparent clinical control
the disease was slowly progressing towards sun-
set glow fundus [20]. This is due to smouldering

subclinical disease that is best avoided by per-
forming ICGA follow-up, the only means of
monitoring subclinical evolution [21].

Summary for the Clinician
Vogt-Koyanagi-Harada Disease

¢ Bilateral granulomatous uveitis with
exudative retinal detachment associated
with cutaneous and neurological signs

¢ Autoimmune process against a melanocyte
associated antigen = primary target of
inflammation

e Fundus findings: serous exudative detach-
ment, papillitis in acute phase; recurrences
can lead to convalescent phase character-
ized by diffuse depigmentation (sunset
glow fundus), peripheral yellow-white
chorioretinal atrophic lesions and diffuse
retinal pigment epithelium alterations

o ICGA: at onset: fuzzy and indistinct
choroidal vessels, disseminated, even, regu-
larly distributed hypofluorescent dark dots
marking presence of choroidal granulomas,
disc hyperfluorescence in severe cases,
exudative detachments appearing as hyper-
fluorescent pinpoints. Recurrent disease
shows similar features to acute disease

o FA: at onset: multiple hyperfluorescent
pinpoints and dye pooling in the late phase
due to exudative detachment; disc hyper-
fluorescence. Chronic stage: window and
blocking effects caused by diffuse retinal
pigment epithelium alterations

o Systemic high-dose corticosteroids started
promptly with slow tapering and close
ICGA monitoring control the disease and
can sometimes prevent the progression to
chronicity

15.2.1.2
Sympathetic Ophthalmia

Sympathetic ophthalmia is a bilateral granulo-
matous uveitis of unknown origin occurring
following a penetrating eye injury. The interval
between ocular injury and the clinical manifes-
tations may vary widely, from a few days to sev-
eral decades, but 90% of cases occur within
1year after the injury [22]. The aetiology is not
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Table 15.1. Diagnostic criteria for Vogt-Koyanagi-Harada disease [14]

Complete Vogt-Koyanagi-Harada disease (criteria 1-5 must be present)

1l
2e
3

No history of trauma or surgery
No clinical or laboratory evidence of other ocular disease entities

Bilateral ocular involvement
(a or b must be met, depending on the stage of disease when the patient is examined)
a. Early manifestations of disease
(1) There must be evidence of a diffuse choroiditis
(with or without anterior uveitis, vitreous inflammatory reaction,
or optic disc hyperhemia), which may manifest as one of the following:
(a) Focal areas of subretinal fluid, or
(b) Bullous serous retinal detachments
(2) With equivocal fundus findings; both of the following must be present as well:
(a) Focal areas of delay in choroidal perfusion, multifocal areas of pinpoint leakage,
large placoid areas of hypofluorescence, pooling within subretinal fluid,
and optic nerve staining (listed in order of sequential appearance)
by fluorescein angiography, and
(b) Diffuse choroidal thickening without evidence of posterior scleritis by ultrasonography
b. Late manifestations of disease:
(1) History suggestive of prior presence of findings from 3a and either both (2) and below,
or multiple signs from (3):
(a) Nummular chorioretinal depigmented scars, or
(b) Retinal pigment epithelial clumping/or migration, or
(c) Recurrent or chronic anterior uveitis

. Neurological/auditory findings (may have resolved by time of examination)

a. Meningismus (malaise, fever, headache, nausea, abdominal pain, stiffness of the neck and back,
or a combination of these factors: headache alone is not sufficient to meet definition
of meningismus, however), or

b. Tinnitus, or
c. Cerebrospinal fluid pleocytosis

. Integumentary finding (not preceding onset of central nervous system or ocular disease)

a. Alopecia, or
b. Poliosis, or
c. Vitiligo

Incomplete Vogt-Koyanagi-Harada disease (criteria 1-3 and either 4 or 5 must be present)

1l

No history of penetrating ocular trauma or surgery

. No clinical or laboratory evidence suggestive of other ocular disease entities, and

2
5
4
5

Bilateral ocular involvement

. Neurological/auditory findings: as defined for complete Vogt-Koyanagi-Harada disease above, or

. Integumentary finding: as defined for complete Vogt-Koyanagi-Harada disease above

Probable Vogt-Koyanagi-Harada disease (isolated ocular disease: criteria 1-3 must be present)

Il

Ze
3.

No history of penetrating ocular trauma or surgery
No clinical or laboratory evidence suggestive of other ocular disease entities

Bilateral ocular involvement as defined for complete Vogt-Koyanagi-Harada disease above
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clear but an autosensitivity to an antigenic pro-
tein from the uvea or uveal pigment has been
suggested. Interruption of the self-tolerance
process is probably caused by a penetrating
trauma permitting a release of antigen and
its presentation to lymphocytes, leading to a
T-cell-mediated immune response, eventually
resulting in bilateral uveitis [23]. Clinical mani-
festations and histopathologic changes are sim-
ilar to those of the Vogt-Koyanagi-Harada dis-
ease [24, 25].

15.2.1.2.1
Clinical Symptoms and Findings

The onset is usually insidious with blurring of
vision, loss of accommodation, photophobia,
and slight pain in both eyes. The exciting eye is
usually chronically inflamed, often phthisical.
There is a bilateral granulomatous panuveitis
with mutton-fat keratic precipitates, posterior
synechiae, a thickened iris, vitreous cells,
choroidal infiltration and thickening, perivas-
culitis, papillitis and serous detachments if se-
vere inflammation is present. Dalen-Fuchs nod-
ules are classically described in sympathetic
ophthalmia and consist of small yellowish
spots, corresponding histopathologically to foci
of epithelioid cells containing pigment located
between Bruch’s membrane and the retinal pig-
ment epithelium [25]. The natural course of the
disease used to lead to a poor visual prognosis,
with as many as 70 % of the eyes becoming blind
in some reports [25]. Prevention of sympathetic
ophthalmia consists of enucleation of the in-
jured eye before involvement of the sympathiz-
ing eye, but this is only performed exceptional-
ly. The benefit of enucleation more than 2 weeks
after initiation of uveitis is doubtful if not coun-
terproductive and should probably be avoided
[22,26].

15.2.1.2.2
Indocyanine Green Angiography

Hypofluorescent dark dots are seen in the inter-
mediate angiographic phase with the usual two
patterns of evolution; some become isofluores-
cent at the late phase of ICGA and resolving
after long-term corticosteroid therapy and

Fig.15.2. ICGA signs in sympathetic ophthalmia.
Numerous hypofluorescent dots in posterior pole and
hypofluorescent rim around optic disc

probably correspond to active choroidal partial
thickness inflammatory space occupying le-
sions; others remain hypofluorescent until the
late phase and probably correspond to full
thickness granulomas [27] (Fig. 15.2).

15.2.1.2.3
Fluorescein Angiography

Fluorescein angiography shows multiple areas
of leakage at the level of the retinal pigment ep-
ithelium and retinal serous detachments in the
acute phase as well as disc hyperfluorescence.

15.2.1.2.4
Treatment

Early and systemic corticosteroid therapy with
slow tapering over at least 6-9 months can lead to
a good visual outcome [25, 26]. Some patients
may require other immunosuppressive agents
such as azathioprine, mycophenolate mofetyl, cy-
closporine or others and with such a two-step ap-
proach a good prognosis can be anticipated [25].

Summary for the Clinician
Sympathetic Ophthalmia

¢ Bilateral granulomatous uveitis occurring
after a penetrating ocular injury. Unknown
aetiology but similar process to VKH
suspected

e Clinical and histopathological manifesta-
tions identical to Vogt-Koyanagi-Harada
disease

¢ Fundus findings: multifocal choroidal infil-
trates, serous exudative detachment, papilli-
tis, Dalen-Fuchs nodules; recurrences can
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lead to convalescent phase characterized by
sunset glow fundus, peripheral yellow-white
chorioretinal scars of Dalen-Fuchs nodules
and diffuse retinal pigment epithelium
alterations

e ICGA: hypofluorescent dark dots indicating
stromal granulomas which can resolve after
corticosteroid therapy

o FA: acute phase: multifocal hyperfluores-
cent pinpoints and retinal serous detach-
ments, disc hyperfluorescence

o Treatment: systemic high-dose corticos-
teroids with slow tapering. Immunosup-
pressants may be needed. Enucleation has
controversial benefits and tends to be
avoided nowadays

15.2.1.3
Birdshot Chorioretinopathy

Birdshot chorioretinopathy (BC) is an intraocu-
lar inflammatory condition linked to the pres-
ence of the HLA-A29 tissue histocompatibility
antigen but without any known systemic associ-
ation that was first described in 1980 by Ryan
and Maumenee [28]. A year later Gass published
a series of 11 patients and called it vitiliginous
chorioretinitis [29]. The characteristic of BC is
that both the choroid and the retina are inde-
pendent primary targets and sites of an inflam-
matory reaction, in contrast to most uveitides,
where inflammation originates in one structure
and causes secondary inflammation in the sur-
rounding structures [30, 31]. A recent histo-
pathological report has shown that in the
choroid, as for Vogt-Koyanaga-Harada disease
and sympathetic ophthalmia, it is the choroidal
stroma that is the primary target of BC while the
choriocapillaris and the pigment epithelium are
intact and it should therefore not be classified
or assimilated with the PICCPs [4]. In contrast
to a disease like sarcoidosis that affects the
choroid at random, the choroidal stroma is the
obligatory primary site of inflammation in bird-
shot chorioretinopathy. However, the functional
deleterious impact comes from the retinal in-
flammatory involvement [32].

15.2.1.3.1
Clinical Symptoms and Findings

The patients’ presenting complaints are usually
floaters, decreased visual acuity and sometimes
dimness of vision. In the absence of macular
edema, however, central vision remains excel-
lent in most cases and is not a good functional
parameter for monitoring disease activity,
whereas visual field changes more appropriate-
ly identify activity of the disease [32,33].

Involvement is always bilateral but can be
asymmetric and BC occurs predominantly in
women in their 4th-6th decades. Human leuco-
cyte tissue antigen HLA-A29 is present in near-
ly all cases and its absence should cast serious
doubts on the correctness of diagnosis. Subtyp-
ing showed that it is the HLA-A29.2 subtype that
is found in BC patients [34].

Anterior chamber inflammation is absent to
slight at most. Vitreous infiltration is usually
present and can be prominent in some cases. At
the onset of disease, fundus examination shows
papillitis, vasculitis of veins but very few cream-
coloured lesions so typical for BC. However, sub-
clinical choroidal involvement is clearly shown
by ICGA that reveals numerous hypofluorescent
dark dots indicating choroidal stromal infiltra-
tion (Fig.15.3a). The extent of retinal involve-
ment is shown by FA, which, in addition to vas-
culitis of large vessels, reveals massive capillary
exudation to the point that there is not enough
fluorescein to mark the large veins [35]
(Fig.15.3b). In our experience, cystoid macular
edema is less frequent than reported in the past
and occurs in up to 40 % of cases at any time of
the evolution of the disease. For ongoing disease
the fundus examination reveals progressively
more cream-coloured oval fundus lesions
despite corticosteroid/immunosuppressive ther-
apy, which goes in parallel with regression of the
ICGA dark dots under therapy (Fig.15.3¢). It is
supposed that this corresponds to the resolution
of the granuloma without stromal scarring, but
bearing with it the depletion of melanocytes cor-
responding to the cream-coloured lesions. Ther-
apy usually allows the stabilization of the disease,
but in some cases the process can evolve towards
a pseudoretinitis pigmentosa when extensive
damage is caused to the retina (Fig. 15.3d).
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C

Fig.15.3 a-e. Birdshot chorioretinopathy. Typical
oval-shaped hypofluorescent dots seen in early dis-
ease while fundus lesions are still discrete and scarce
(ICGA) (a); massive retinal exudation causing pseu-
do-delay of arteriovenous circulation as large veins
are still not opacified at 45s (b, bottom right frame).
The ICG frame (b, top left) shows that arteriovenous
transit is already complete at 19 s; typical oval-shaped

e

Kl s
cream-coloured lesions of late disease (c); pseudo-re-
tinitis pigmentosa end stage disease (d); severe visu-
al field loss of a birdshot patient with 1.5 vision at
presentation (e)



242

CHAPTER 15 Stromal Choroiditis

15.2.1.3.2
Indocyanine Green Angiography

So far only the retinal involvement has been ac-
cessible to clinical and angiographic examina-
tion and analysed in detail. Since ICGA has been
available, choroidal inflammatory involvement
has been accessible to analysis and monitoring
[36, 37]. ICGA represents a major improvement
in the investigation of BC by showing the im-
portance of choroidal disease [30]. In newly
diagnosed disease, ICGA is very useful as it
detects subclinical choroidal stromal disease,
showing numerous dark dots, corresponding to
stromal granuloma, that are present at the inter-
mediate phase and persist or become isofluo-
rescent in the late phase depending on the
thickness of the granuloma (Fig. 15.3a). In addi-
tion to visualization of the granuloma, ICGA
also shows vasculitis of the larger choroidal ves-
sels that have a fuzzy appearance in the inter-
mediary phase of angiography and give rise to
late diffuse choroidal hyperfluorescence [30].

15.2.1.3.3
Fluorescein Angiography

Fluorescein angiography accounts for the reti-
nal involvement in BC. The main sign to search
for is diffuse and massive leakage from small
retinal vessels. The leakage is often such that
there is not enough fluorescein to mark the
large veins, which was erroneously interpreted
as an arteriovenous circulatory delay [35]
(Fig.15.3b). It is comprehensible that retinal
function is impaired in cases with such a mas-
sive exudation from small retinal vessels. Addi-
tional FA signs include periphlebitis of larger
retinal veins, disc hyperfluorescence and cys-
toid macular edema when present.

15.2.1.3.4
Visual Field Testing

We have recently shown that apart from central
visual impairment due to macular edema, visu-
al field changes are more frequently found than
acknowledged in BC and have probably more
deleterious effects on visual function than rec-
ognized so far [38]. These visual field changes

probably are a consequence of retinal dysfunc-
tion rather than from choroidal or optic nerve
disease and are seen in parallel to massive fluo-
rescein exudation [35] (Fig.15.3¢€). In our hands
computerized visual field testing is a routine
follow-up examination and significant visual
field changes are considered an indication to in-
troduce therapy, despite full visual acuity. This
attitude may explain why the rate of cystoid
macular edema is relatively low in our centre
[31].

15.2.1.3.5
Electroretinography
and Pathophysiologic Implications

Full-field electroretinogram (ERG) becomes
abnormal as disease progresses, indicating re-
lentless retinal deterioration. The ERG shows a
decrease of the rod a and b wave amplitudes
with an increase in their implicit times [39]. Hi-
rose and colleagues showed that in BC the neu-
ral layers of the retina were more diffusely and
severely involved than the receptor-retinal pig-
ment epithelium-choroid complex [40]. Simi-
larly Priem and colleagues showed that the
nature of the abnormalities suggested that dys-
function was caused by inner retinal disease.
Moreover, in the first years of evolution, there
has been little evidence indicating outer retinal
dysfunction resulting from choroidal inflam-
mation [41].

These reports and findings are in contrast to
ERG findings reported in PICCPs, where outer
retinal dysfunction is found and therefore dis-
tinguishes BC from PICCPs also electrophysio-
logically.

15.2.1.3.6
Treatment and Prognosis

Management of BC is empirical as is the case for
many of the rare diseases where controlled
studies cannot be performed. Birdshot chori-
oretinopathy should be observed only as long as
no functional impairment is detected. In the ab-
sence of cystoid macular edema, the first func-
tional parameter to deteriorate is the visual
field. If this deterioration is progressing, action
should be taken and therapy can be started us-
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ing sub-Tenon’s corticosteroid injections with a
usual good response on visual fields. The use of
periocular steroids usually allows the use of
systemic therapy to be retarded. In the case of
progression, systemic therapy has to be tried
beginning with corticosteroids and subsequent
association of immunosuppressants. We have
good experience of using azathioprine (2.5-
3mg/day) as the first choice immunosuppres-
sant, adding or substituting it with cyclosporine
if necessary. Immunoglobulins have shown
some effect but are expensive and difficult to
administer [42]. The use of anti-TNF-a drugs is
presently under investigation. The ICGA dark
dots respond well to therapy and resolve, leav-
ing behind depigmented areas that appear as
oval cream-coloured fundus lesions. However,
the impact of therapy on retinal involvement is
less satisfactory, explaining the progression of
functional loss despite therapy [31].

Summary for the Clinician
Birdshot Chorioretinopathy

e Dual primary independent inflammation of
the retina and the choroid. Retinal pigment
epithelium remains intact between the two
inflamed sectors

o Retinal involvement includes vasculitis
of large and small vessels, cystoid macular
edema (in about half of cases) and
associated papillitis

¢ Choroidal involvement is a primary stromal
choroiditis consisting of small even granu-
lomas regularly distributed in the
midperiphery

¢ Fundus findings: retinal vasculitis; oval
yellow choroidal lesions faint and scarce
at onset (granulomas), numerous and well
visible in chronic treated disease (choroidal
depigmentation); at end stage retinitis
pigmentosa like atrophy

o ICGA: at onset: numerous, even, regularly
distributed oval hypofluorescent dark dots
present in the intermediate phase mostly
becoming isofluorescent in the late phase
(partial thickness granulomas). Chronic,
treated stage: resolution of ICG hypofluo-
rescent dark dots: resolution of granulomas

without scarring leaving depigmented
areas

o FA: generalized vasculitis of large and small
vessels with profuse exudation, disc hyper-
fluorescence, and cystoid macular edema
when present

e Visual field is the most important
follow-up parameter. ERG shows inner
retinal involvement and later inner
and outer retinal dysfunction

e Evolution: choroidal disease responds
to therapy; retinal involvement is slowly
progressive despite treatment. Treatment
(empirical): combination of corticosteroids
and immunosuppressants

15.2.2
Stromal Choroiditis as a Random
Involvement of a Systemic Disease

This group of diseases involves the choroid by
mere chance as one of the possible sites of in-
flammation, the choroid being the innocent
host of an inflammatory or infectious process
but not an elective target.

15.2.2.1
Sarcoidosis

Sarcoidosis is a multisystemic granulomatous
disease of unknown aetiology. Lung involve-
ment occurs most frequently and skin and eye
lesions are next in frequency. Distribution is
worldwide and prevalence of the disease differs
according to racial group, being 10-20 times
more frequent among blacks than whites. Sar-
coidosis is characterized by the presence of
non-caseating granuloma in involved organs.
Sarcoidosis may affect any ocular tissue:
e Lacrymal gland enlargement
e Conjunctival nodules
e Corneal sarcoidosis, keratoconjunctivitis
sicca
Scleritis
Anterior uveitis: acute or chronic
Retinal vasculitis: periphlebitis
(periarteritis)
e Retinal or vitreous granulomata



244

CHAPTER 15 Stromal Choroiditis

e Multifocal choroiditis or solitary choroid
granuloma

o Papillitis

e Optic nerve granuloma

Uveitis is the most common and most serious
form of ocular involvement in sarcoidosis and
posterior segment inflammation occurs in up to
one-third of patients with ocular sarcoidosis
[43]. No specific test is available for sarcoidosis
diagnosis, except typical histology on biopsy.
Non-specific tests can help to orient the diagno-
sis. Chest X-ray may show hilar or mediastinal
lymphadenopathy or interstitial fibrosis and
may also help to exclude tuberculosis. Serum
angiotensin converting enzyme (ACE) is usual-
ly elevated in active sarcoidosis as is serum
lysosyme. Tuberculin test anergy is present in
50% of cases. A frequent but often ignored fea-
ture is polyclonal immunoglobulin activation
that can mislead when high titres to infectious
agents are found but can also be used as a diag-
nostic indication [44]. Gallium scintigraphy
shows increased uptake in salivary or lacrymal
glands and in the mediastinum and liver. Bron-
choalveolar lavage typically shows a lymphocy-
tosis with an elevated CD4/CD8 ratio.

15.2.2.1.1
Symptoms and Clinical Findings

Symptoms are diverse and depend on the type
of involvement. Patients can complain of
blurred vision if cystoid macular edema or vit-
reitis is prominent or if significant anterior
uveitis is present.

Anterior uveitis is often seen in association
with choroiditis and retinitis. It is a granuloma-
tous uveitis usually with large mutton-fat KPs,
synechiae and iris nodules and infiltration.

Choroiditis and retinal inflammation can
occur independently, both being possible ran-
dom sites of involvement, or retinal involvement
can be the consequence of underlying foci of
choroiditis [45]. Retinal periphlebitis is the most
common feature of posterior segment sarcoido-
sis, and vascular sheathing may persist in the
characteristic “candle-wax” appearance. Multifo-
cal choroiditis appears as multiple, pale-yellow,
elevated lesions resembling those seen in bird-

Fig. 15.4 a-c. Choroiditis in sarcoidosis. Unevenly
sized randomly distributed fundus lesions (a) well
seen in the intermediate angiographic phase (b, mid-
dle and left frames) and disappearing in the late phase
(b, right frame), hardly visible on fluorescein angiog-

raphy (c)

shot chorioretinochoroidopathy; however, distri-
bution is more at random and this is especially
evident on ICGA (Fig. 15.44a). A solitary choroidal
granuloma is a rarer involvement of the choroid.
Vitreous involvement is usually present as well as
cystoid macular edema and papillitis.

15.2.2.1.2
Indocyanine Green Angiography

The signs seen on ICGA are not specific for sar-
coidosis but can also be seen in other granulo-
matous involvements such as tuberculosis. Four
principal features have been identified. The first
and most common feature is hypofluorescent
dark spots in the early and intermediate phases
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of the angiogram. These spots either become
isofluorescent or remain hypofluorescent in the
late phase (Fig. 15.4b). The second feature is fo-
cal hyperfluorescent dots seen in the intermedi-
ate and late phases. The third feature is fuzzy
choroidal vessels due to perivascular choroidal
leakage in the intermediate phase. Finally, the
last feature is a diffuse zonal hyperfluorescence
representing choroidal staining in the late
phase. The latter two features can resolve after
systemic corticosteroid treatment [46].

15.2.2.1.3
Fluorescein Angiography

Fluorescein angiography is used to analyse the
effects of inflammation at the level of the retina
and retinal pigment epithelium. Depending on
the type of involvement it can show disc hyper-
fluorescence, cystoid macular edema or retinal
vasculitis as well as the combination of window
effect and masking effect of chorioretinal atro-
phy of healed areas of granulomatous inflam-
mation.

15.2.2.1.4
Therapy

Indication for therapy depends on severity of
the lesions. Sarcoidosis, including posterior in-
volvement, is usually well responsive to corticos-
teroids that can be given by periocular sub-
Tenon’s injections. If necessary, systemic steroids
are usually efficient at controlling the disease
and can be tapered over a period of 4-6 months.

In severe forms of disease or in the case of
corticosteroid intolerance an immunosuppres-
sive agent such as azathioprine can be added.
Anti-TNF-a antibodies are presently being
evaluated but will have to be reserved for severe
cases.

Summary for the Clinician
Sarcoidosis

e Multisystemic granulomatous disease
of unknown aetiology

e May affect any ocular tissue but posterior
segment inflammation in 30 % of the ocular
involvement

¢ Fundus findings: choroiditis and retinal
inflammation can occur together or sepa-
rately. Retinal periphlebitis and characteris-
tic vascular sheathing (candle-wax) are
generally present. Cystoid macular edema
and papillitis may be associated

¢ Investigations: chest X-ray or CT scan to
detect hilar or mediastinal lymphadeno-
pathy, skin test for anergy to tuberculin,
serum angiotensin converting enzyme
(ACE) and serum lysosyme elevation.
Gallium scintigraphy to detect increased
uptake signalling presence of granuloma

e ICGA: hypofluorescent dark dots present in
the early and intermediate phases (granulo-
mas). Focal hyperfluorescent pinpoints in
the lesional areas in the late phase. Fuzzy
choroidal vessels in the intermediate phase
and diffuse hyperfluorescence due to
choroidal staining in the late phase

o FA: may show retinal vasculitis, disc hyper-
fluorescence, and cystoid macular edema
when present

e Treatment: corticosteroids. Indication and
method of administration (sub-Tenon’s
injection, systemic) depend on severity of
the lesions. Inmunosuppressive agents may
have to be added

15.2.2.2
Tuberculous Choroiditis

After a gradual decrease of the incidence of tu-
berculosis since the 1950s, morbidity due to this
infectious agent has increased again in the past
decade [47]. Ocular involvement can occur
without evidence of involvement of other or-
gans [48, 49]. It is, however, difficult to isolate
the infectious agent in ocular samples and in
most cases we speak of presumed ocular tuber-
culosis [50]. As incidence was low in the recent
past and tuberculosis is a reemerging disease,
diagnosis is often performed with some delay
[51].

Tuberculous uveitis has to be suspected
when a granulomatous anterior uveitis or panu-
veitis or a chorioretinitis is associated with a hy-
perreactive delayed type hypersensitivity skin
tuberculin test [52]. Tuberculous choroiditis is a
chance localization of an entity that can affect
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different organs. It can involve the choroid or
the retina or both, or retinal inflammation can
be secondary to choroidal granulomas [53, 52].

15.2.2.2.1
Symptoms and Clinical Findings

A large proportion of patients are treated for a
recurrent granulomatous uveitis that flares up
with a still relatively high steroid treatment lev-
el. In 25% of cases there may be an isolated
chorioretinitis and in 75% chorioretinitis is
associated with an anterior granulomatous
uveitis. On funduscopy, in long-lasting cases
there are multiple bilateral chorioretinal scars
sometimes strongly pigmented (Fig.15.5a)
which may be associated with recent choroidal
lesions presenting as yellow-grey deep discol-
orations, which are also found in new cases
(Fig.15.5b). The retina is usually also involved,
showing vasculitis and infiltration, and the de-
gree of involvement may be very different be-
tween the retina and the choroid. The disease is
often bilateral and involvement is usually asym-
metric and the distribution and size of lesions
random and asymmetric. Since ICGA has be-
come available, choroid involvement can be
analysed precisely [55]. Choroiditis can occur
alone or in association with retinal disease. So
far it has only been possible to analyse retinal
involvement or the consequences of choroidal
disease on the retina. With ICGA subclinical
choroidal lesions were detected in all patients
analysed, showing that choroidal involvement is
probably predominant [55].

15.2.2.2.2
Angiographic Characteristics

Dual fluorescein and ICG angiography should be
performed to assess both retinal and choroidal
disease. Fluorescein angiography (FA) is useful
for detecting macular edema. It often shows disc
hyperfluorescence with leakage, retinal vasculi-
tis and choroidal lesions detected by the changes
caused to the overlying retina, characterized by
early hypofluorescence followed by progressive
hyperfluorescence and leakage around the mar-
gins. It can also show secondary changes from
choroidal involvement (Fig. 15.5¢).

ICGA shows four main angiographic signs
including: (1) hypofluorescent areas in the early
and intermediate phases of angiography that re-
main hypofluorescent or become isofluorescent
in the late angiographic phase representing full
thickness or partial thickness lesions; they are
of variable size and are randomly distributed
(Fig.15.5d); (2) choroidal fuzzy vessels that lose
their sharp pattern indicating vasculitis of larg-
er choroidal vessels that do not normally leak
(Fig.15.5d); (3) diffuse choroidal hyperfluores-
cence from leaking large choroidal vessels that
adds to the physiologic background fluores-
cence from the choriocapillaris; and (4) hyper-
fluorescent pinpoints seen in the late angio-
graphic phase (Fig.15.5d). All lesions respond
to specific antituberculous therapy combined
with low doses of systemic corticosteroids
for those patients that have no prediagnostic
corticosteroids and/or immunosuppressants

[55] (Fig.15.5€).

15.2.2.2.3
Therapy and Prognosis

Specific antituberculous tri- or quadritherapy
given for a minimum of 6-9 months allows the
corticosteroid and/or immunosuppressant
therapy to be progressively diminished and in
some patients to be stopped. Specific therapy is
also useful as a therapeutic trial in doubtful cas-
es. In a recent study we showed that immuno-
suppressive therapy could be stopped in most
cases after specific therapy was introduced, re-
currences dropped significantly, visual function
increased, inflammation subsided and intraoc-
ular pressure reduced [51].

Summary for the Clinician
Tuberculous Choroiditis

e Reemerging multisystemic granulomatous
infectious disease

e Ocular involvement present in 1% of cases
of pulmonary tuberculosis

o Fundus findings: chorioretinitis presenting
as yellow-grey deep discolorations, retinal
infiltration, vasculitis, vitritis

e ICGA: four main signs: (1) hypofluorescent
dark dots or areas; (2) fuzzy choroidal
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Fig.15.5 a-e. Tuberculous choroiditis. Old lesions
of previous episode in the right eye (a); new lesions in
the macula of the left eye (b); FA showing central hy-
perfluorescent lesions with a background of chorio-
capillaris non-perfusion and late hyperfluorescence
due to retinal leakage (c); ICGA in the acute stage
shows secondary inflammatory choriocapillaropathy,

hyperfluorescent pinpoints and diffuse randomly dis-
tributed hypofluorescent dots (d); after specific ther-
apy the secondary inflammatory choriocapillaropa-
thy has resolved, some residual hyperfluorescent
pinpoints and a few hypofluorescent dots indicating
scars (e)
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vessels in intermediate phase; (3) diffuse
choroidal hyperfluorescence; and (4) hyper-
fluorescent pinpoints in the late phase

o FA: may show retinal vasculitis, disc hyper-
fluorescence, cystoid macular edema when
present

e Treatment: specific antituberculous tri-
or quadritherapy

15.2.2.3
Syphilis

Syphilis is a chronic systemic infection sexually
transmitted and caused by treponema pallidum.
It is characterized by an incubation period aver-
aging 3weeks, followed by a primary lesion
(chancre) associated with a regional lym-
phadenopathy. A secondary bacteraemic stage
associated with generalized mucocutaneous le-
sions with a generalized lymphadenopathy then
occurs followed by a latent period of subclinical
infection lasting many years, and in about 30 % of
untreated cases, a tertiary stage characterized by
progressive destructive mucocutaneous, muscu-
loskeletal, aortic, or central nervous system dis-
ease. Syphilis can also be transmitted transpla-
centally to the foetus, giving rise to congenital
syphilis. Patients at risk for HIV are also at in-
creased risk for other sexually transmitted dis-
eases such as syphilis. Concomitant HIV infec-
tion may worsen the natural course of syphilis
with unusual manifestations [56]. Ocular in-
volvement can occur at any stage of syphilis and
is estimated to be the cause of 1% of uveitides
and optic neuritis [57]. Syphilis can mimic many
different ocular disorders and should be suspect-
ed in any case of intraocular inflammation resist-
ant to conventional therapy [58].

Symptoms of syphilitic uveitis include blurred
vision, redness, photophobia, and floaters and
cannot be clinically differentiated from other
causes of uveitis. The course may be acute or
chronic, involvement unilateral or bilateral. Pos-
terior uveitis occurring during secondary
syphilis can appear as multifocal or unifocal
choroiditis, most often affecting the posterior
pole and juxtapapillary area. Healed lesions ap-
pear as areas of chorioretinal atrophy associat-
ed with hyperpigmentation. Fluorescein an-
giography typically shows early diffuse or

leopard-spot hypofluorescence of the involved
area with late staining at the level of the retinal
pigment epithelium. Ocular manifestations as-
sociated with syphilis can be summarized as
follows:

Eyelid chancre, madarosis

Conjunctivitis, conjunctival nodules
Stromal keratitis

Episcleritis, scleritis

Iridocyclitis granulomatous or not
Choroiditis, retinal vasculitis

Optic neuritis, neuroretinitis

Two types of serologic tests are available for
syphilis diagnosis: non-treponemal tests such
as the VDRL (Venereal Disease Research Labo-
ratory) test, and treponemal tests such as the
FTA-ABS (fluorescent treponemal antibody ab-
sorption) and TPHA (treponema pallidum
haemagglutination) tests. The VDRL test is a
non-specific reagin test useful in screening for
active disease; it becomes positive after the de-
velopment of the primary chancre and negative
after adequate treatment. The FTA-ABS testis a
specific test to detect anti-treponemal antibod-
ies, allowing confirmation of previous or cur-
rent infection; it remains positive even after
treatment. The development of polymerase
chain reaction (PCR) amplification for trepone-
ma pallidum will help to detect its presence in
intraocular fluids [59]. Because central nervous
system disease may occur during any stage of
syphilis, cerebrospinal fluid (CSF) examination
is recommended in any patient with syphilitic
uveitis and can show leucocytosis, elevated pro-
tein levels and a reactive VDRL [59].

Penicillin remains the treatment of choice
for syphillis. Patients with active syphilis and
intraocular inflammation are treated as for neu-
rosyphilis. Therapy for ocular syphilis consists
of 10-14days intravenous penicillin G,
18-24 MU daily [59].

Bejel or endemic syphilis or non-venereal
syphilis is caused by treponema pallidum en-
demicum and occurs in East Africa, the Near
East and Southeast Asia. The serologic tests for
syphilis are also positive in bejel. Ocular in-
volvement is comparable to syphilis and can in-
clude choroiditis, and treatment is similar to
venereal ocular syphilis [60].
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Summary for the Clinician
Syphilitic Choroiditis

e Chronic systemic sexually transmitted
infection due to treponema pallidum.
Classically evolving in three stages
Ocular involvement may occur at any stage
Fundus findings: multifocal choroiditis in
the posterior pole or juxtapapillary area.
Healed lesions appear as chorioretinal atro-
phy associated with hyperpigmentation

o Investigations: serologic testing is manda-
tory in every non-resolved case of choroidi-
tis. CSF analysis may be indicated to detect
neurosyphilis. The development of PCR for
treponema pallidum will help to detect its
presence in ocular fluids and CSE. Therapy
of choice is penicillin

15.2.3
Other Infectious Choroiditides

Although immune mechanisms, possibly sec-
ondary to an infectious trigger, are suspected in
alarge proportion of choroiditis cases, direct in-
fectious causes should always be kept in mind as
a possibility as more and more emerging infec-
tious agents are identified thanks to newly
available technologies such as the polymerase
chain reaction techniques. The infectious
agents that can cause choroiditis are numerous.
An exhaustive review of infectious choroiditis is
beyond the scope of this practical review of
choroiditis and only a few agents are given here
(Table15.2).

15.2.3.1
West Nile Virus Choroiditis

The West Nile virus (WNV) is one of the emerg-
ing infectious agents causing choroiditis and a
good example of a pathology that may have
been included in the “autoimmune” or “idio-
pathic” choroiditides because the infectious
agent was not searched for. WNV is a single-
stranded RNA flavivirus belonging to the
Japanese encephalitis virus serocomplex that
was first isolated in 1937 in the West Nile district

Fig.15.6. West Nile virus choroiditis. Typical round
pearl string scars shown by FA (courtesy M. Khairallah)

of Uganda. It is transmitted by a mosquito vec-
tor, with wild birds serving as its reservoir and
is distributed extensively throughout Africa,
Asia, the Middle East, Europe, and North Amer-
ica. Incubation period ranges from 3 to 14 days.
About 20% of infected persons become symp-
tomatic and present a flu-like illness developing
into meningitis or encephalitis in 1% of cases.
Almost 80% of patients have posterior seg-
ment involvement, which is symptomatic in
one-third of the patients. There can be a de-
crease of visual acuity, blurred vision and
floaters. Posterior lesions consist of a typical
multifocal bilateral choroiditis associated in all
cases with a mild vitreous inflammatory reac-
tion. The lesions, circular in shape, vary in num-
ber from less than 20 to more than 50 per eye.
Chorioretinal lesions involve the midzone
and/or periphery, more prominently in the tem-
poral and the superonasal quadrants as well as
the posterior pole. Lesion size ranges from
100 pm to 1,500 pm, with most of the lesions
measuring 200-500 pm. Linear clustering of
chorioretinal lesions gives the typical pearls on
a string aspect of this choroiditis (Fig. 15.6). Ac-
tive chorioretinal lesions appear as deep,
creamy lesions on ophthalmoscopy, with early
hypofluorescence and late staining on fluores-
cein angiography. Resolved chorioretinal le-
sions are partially atrophic and partially pig-
mented centrally with central hypofluorescence
and peripheral hyperfluorescence (Fig. 15.5).
Associated retinal vascular changes include
intraretinal haemorrhages, white-centered hae-
morrhages, focal vascular sheathing, and retinal



CHAPTER 15 Stromal Choroiditis

250

Awo3o9131A

‘[69] a10zeUOON[]
wonoa(ur [eaIyIA
-BIJUT ‘SNOUABIIUT
g uprijoydury

(S[essaA0aU [eUTIAI
-qns) uorjeneod
ojoyd 1ase|
‘(Ayqyedonoeur)
SPI0I9)SOO1}I0D)

g unrjoydury

surpruwrejuad
[exojuared 10
sjozexoyjoureydns
-wizdoyowin
STwIa)sAg
Awrooamip

STILIIA dAT}OR

J1 PIOI2)SODT}I0D
RJiIEIVICN

juduI)edI],

SNODIIIA
QuLIn poojq
uIoxj 2Inymy)

(suorsa] 1e[Nd0
9)eAT}ORAI ABUr)
189} UDYS
urwse[dolsTy

£3o[o0108
159 UD[g

enrydoutsog
(snoania)
189) DAVIOXO],
VSITd

sisougerq

UOTRUWIWR[JUT SNOJIITA
‘SUOISI[ [RUIIIOLIOYD
PaqrIoswnoIn

punoI AIYM-Aurear)

arex snrupeyydopuyg
*sTj1oAN ‘snmau o1 do
‘SIap10oq 1oUnSIp

IIM SJeI[JUT [BUTJIIQNS

ST}TUT}SIOLIOND [B20]
9IBI ST)TOA()
SIITATIOUN(U0D JR[NUSIOATYJ

s10d 10119350d Jn0oySnoiyy
Pa13}3€S SUOISI[ [BPIOIOYD
yym-mora4 ardnmy

sprueyydopus o1uoIy) g
SUBIQUIIU SNIOJTITA
Sunjerper yum

ewo[nuerd [eunay ‘1

SUOI}R)SIYIUBUL
Ie[noQ

BIUISEPIPUE))

uonoearx

R2TeARIIC
10 [e2IUIPgNS

UOoT)O9JUT
joexy A1oyerrdsax
Sunrurr-yes amoy

UOT}OJUT 11ULIDI
PRJRUTWASSIP JO
urs A[1es aq uep

SR R
STWId)SAS prur
oyads-uoN

SUOTJe)STUR
STUId)SAS

I9)91)ed IB[NOSBA
Surampuy

(Ade1atpy 2a1S
-saxddnsounurur
‘sapuRUIITRUI

Ssd1v) 1s0y
pastwoxduwo)

jo1ppe SniQg

RI[RIISNY ‘[oRIS]
Loxpang, ATe3 e1sy
‘@dLIaWY [BIIUD
VSN UIaisamprux
ur oL puyg

vsn

UI3)S9M IeJ pue
UI2)SIMYINOS
ur OTwIpuyg

(sary) uonouny
duNUWWI pIjerpawr

-[[92 uI 19950

PIYO

A3ororuraprdg

(snSuny)
SUYILqIY VpIPUL)

(snSuny)
wnjpinsdv
vuisv]doIsty

(sn8uny
orydrowrp)
st
$ap101p1220D

(ueozojoid)
1ULIDI
susfrownaud

(eare])
SIUDI DADIOXO],

[6989]
SISBIpIpUE)

(698929 99]
sisowrse[do)sTH

[£999 ‘69]
S1S004Awr
-0pIOIP1I0)

[$9%9]
stsoysfoowmnaud

[eprooty)

[£929]
SISBLIBIOXO],

SOPTITPIOIOYD SNOTIOAUT dWOs Jo d[qe} o1idouds 'S ajqeL



References

251

vascular leakage. The multifocal chorioretinitis
usually has a self-limited favourable course
without treatment and vision is conserved.

Unrecognized cases of West Nile virus

choroiditis might be classified as multifocal
choroiditis by clinicians not aware of this clini-
cal entity. Thanks to the work of a Tunisian
group that published the largest series so far on
ocular involvement due to West Nile virus infec-
tion and performed a prospective study on the
last zoonose in their country, the clinical picture
has been well established [61].
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Immunomodulatory Therapy in Uveitis

STEPHAN R. THURAU, GERHILD WILDNER

o Uveitis patients with severe sight threaten-
ing disease are conventionally treated with
anti-inflammatory and immunosuppressive
therapy

Immunosuppressive therapies include
antimetabolites, antibiotics and calcineurin
inhibitors; they all have generalized effects
on the organism and are burdened with
various side effects

“Biologicals” target the autoaggressive
immune response more specifically, with
reduced generalized, but in some cases
severe, side effects

Autoantigen-specific therapies are under
investigation (oral tolerance induction),
which are so far the most specific and least
side effect-burdened approaches

16.1
Introduction

Since uveitis is a disease that potentially de-
stroys intraocular tissues, immediate anti-in-
flammatory and causal treatment is needed in
many cases. If uveitis is autoimmune mediated,
immunosuppressive or immunomodulatory
therapy is needed in those patients who do not
sufficiently respond to corticosteroids. The use
of corticosteroids is extensively discussed else-
where in this issue.

Autoimmune uveitis is mediated by T-helper
cells, presumably of the Thi type, characterized
by secretion of interleukin-2 (IL-2), interferon-
gamma (IFN-y) and tumour necrosis factor-al-
pha (TNF-at). These T cells recognize ocular au-

toantigens and undergo reactivation within the
eye, which is followed by secretion of cytokines
and chemokines attracting inflammatory cells
such as macrophages and granulocytes. These
inflammatory cells have the capacity to destroy
the delicate structures of the eye and are prima-
rily targeted by anti-inflammatory therapies.

The inflammation as well as relapses are or-
chestrated by T cells, which are an important
target of immunosuppressive strategies. These
therapies, however, also suppress necessary and
desired immune responses to infections and
tumours; therefore, more disease-specific thera-
pies are preferred over generalized immuno-
suppression. Based on the increasing knowl-
edge of the immune mechanisms that underlie
autoimmune diseases, a new group of “biologi-
cals”has been generated. These are immunolog-
ically active proteins focussing on specific cells,
receptors or ligands. They target those immune
responses that are involved in uveitis, either by
blocking inflammatory cytokines (anti-TNF
therapies such as etanercept, infliximab or adal-
imumab), by affecting T-helper cells (anti-IL2
receptor) or suppressing the autoantigen-spe-
cific immune response by induction of mucosal
tolerance (oral tolerance).

In the following, new developments in im-
munosuppressive and immunomodulatory
therapies will be described with respect to indi-
cation, immune mechanisms, effectiveness and
side effects (Table16.1, Fig.16.1). It is important
to keep in mind that the use of most of the ther-
apies described in this chapter is off-label, with
the exception of cyclosporine. Nevertheless,
there is a growing body of literature supporting
the use of these substances for the treatment of
uveitis.
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Table 11.1. Dose, route and major adverse events of specific drugs

Cytotoxic
drugs

Antibiotics

Calcineurin
inhibitors

Immuno-
modulatory
agents

Azathioprine

Methotrexate

Mycophenolate
mofetil

Cyclophos-
phamide

Chlorambucil

Sulphasalazine

Cyclosporine A

Tacrolimus

Thalidomide

Etanercept

Infliximab

Interferon-ai2a

Daclizumab

1-3mg/kg/day PO

0.15 mg/kg/once
weekly PO, i.m.

1,000 mg,
2 times daily, PO

Long-term oral:

1-2 (-4) mg/kg/day PO;
intravenous bolus:
15-20 mg/kg

(or 1 g/m? body
surface)

12-18 mg/day

(0.1-0.2 mg/kg/day),
PO

100-2,000 mg/day, PO

2.5-7 mg/kg/day, PO

0.1-0.25 mg/kg/day, PO

100-300 mg/day
(paediatric:

5-10 mg/kg/day), PO
25 mg two times
weekly, sc

3-5mg/kg

repeated after 2 and
6 weeks, then every
8 weeks, i.v.

6 mio IU/day,
decreasing

to 2-3 mio IU three
times weekly,

sc

2mg/kg, 2X in 2 weeks,
followed by 1 mg/kg

every 4 weeks, i.v.

Bone marrow suppression, leucopenia,
secondary infection, nausea (especially
in TPMT deficient patients)

Bone marrow suppression, leucopenia,
hepatotoxicity, nausea, diarrhoea, ulcerative
stomatitis, hair loss. Not indicated

in patients with renal insufficiency

Bone marrow suppression, leucopenia,
nephrotoxicity, secondary infections,
gastritis, nausea, diarrhoea

Haemorrhagic cystitis, myelosuppression,
secondary malignancies, secondary
infections, hair loss, transient blurring

of vision, infertility, teratogenicity

Myelosuppression, hepatotoxicity,
gonadal dysfunction, secondary
malignancies

Exanthema, nausea, vomiting, headache,
oligospermia

Nephrotoxicity, hypertension, nausea,
hypertrichosis, gingival hyperplasia,
hepatotoxicity, paraesthesia, headache
Nephrotoxicity, hypertension, neurotoxicity,
hepatotoxicity, diabetes mellitus

Teratogenicity, somnolence, dizziness,
constipation, headache, weight gain, rash,
dry mouth

Local reaction at the injection site,
(severe) secondary infections, respiratory
infections, pancytopenia

Infusion reaction, (severe) secondary
infections, respiratory infections

Flu-like symptoms, autoantibodies,
thyroiditis, SLE, haemolytic anaemia

Granulomatous dermatitis,
GI tract irritation, neuropathies, infections
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Fig.16.1. Targets of immunosuppressive and im-
munomodulatory therapeutics. The network of anti-
gen presenting cells (APC), macrophages (M), T-
helper cells (Th), T-suppressor cells (T5) and cyto-
toxic T lymphocytes (CTL) as well as B-cells (B) matu-
ration and adhesion of granulocytes (G) to endothe-
lial cells is shown. Black lines represent the track of

The drugs discussed here can be grouped ac-
cording to their basic mode of action. Cytotoxic
as well as some antibiotic agents have immuno-
suppressive effects, which warrant their use for
the treatment of uveitis. Whereas cytotoxic
drugs mainly interfere with DNA replication
and transcription, antibiotics impede the cellu-
lar metabolism with respect to cell activation
and protein synthesis.

Plasma cell

the cells by maturation, proliferation or differentia-
tion. MHC class II antigens on APC and B cells are
shown in light blue, MHC class I antigens in dark blue.
T cells bear T-cell receptors; B cells immunoglobulin
receptors (antibodies) (red circles viruses, red trian-
gles antigen peptides)

16.2
Cytotoxic Drugs

Cytotoxic drugs like azathioprine and metho-
trexate have been used extensively for the treat-
ment of autoimmune uveitis. Cyclophos-
phamide and chlorambucil have not gained
such a broad acceptance due to the fear of severe
adverse events, of which the most important
ones are secondary malignancies. Nevertheless,
there is an increasing body of literature report-
ing on their safe use.
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16.2.1
Azathioprine

Azathioprine is a prodrug metabolized to its ac-
tive form 6-mercaptopurine. It is converted to
thioinosine-5-phosphate, a purine analogue.
This is used instead of purine in the synthesis of
the nucleobases adenine and guanine, thereby
interfering with DNA synthesis. Since azathio-
prine inhibits cell division, its primary thera-
peutic targets are rapidly dividing cells like leu-
cocytes. It inhibits T-cell and, to a lesser extent,
B-cell functions. There is also an effect on the
development of monocytes. Azathioprine is
given orally at a single or divided dose of
2-3mg/kg daily. Due to the inhibition of cell
proliferation, the major side effects are a conse-
quence of bone marrow suppression resulting
in leucopenia and thrombocytopenia. There-
fore blood cell counts are the most important
aspect of monitoring therapy; leucocyte counts
should be above 3,000 cells/pl and thrombo-
cytes above 100,000 cells/pl. Especially patients
with a defective thiopurine-methyl-transferase
(TPMT) activity will develop signs of bone mar-
row suppression very early in the treatment.
Nausea, vomiting and diarrhoea are signs of GI
tract alterations, which should prompt the dis-
continuation of therapy. Concerns about induc-
tion of malignancies like leukaemia and lym-
phoma exist, since conflicting reports have
prevented final evaluation of this question [67].

During the last few years, larger studies re-
porting on the effect of azathioprine in uveitis
patients have not been published. It is used fre-
quently as a steroid-sparing agent in patients
with multifocal choroiditis with panuveitis,
pars planitis and tubulointerstitial nephritis
with uveitis [22, 31, 45]. The therapeutic poten-
tial of azathioprine in combination with other
immunosuppressive agents is of interest, al-
though the long-term use for treating severe
uveitis as in Behcet’s disease [33] or serpiginous
choroiditis [1] is not always efficacious in con-
trolling inflammation.

16.2.2
Methotrexate

Low-dose methotrexate is now widely used in
the management of chronic or relapsing uveitis
with the major goal of reducing concomitant
steroid treatment. It blocks dihydrofolate reduc-
tase, preventing the conversion of dihydrofolate
to tetrahydrofolate, an essential metabolite of
purine nucleotide synthesis. In addition,
thymidylate synthesis is also inhibited. Both
factors contribute to the inhibition of DNA
replication and cell division. Therefore metho-
trexate inhibits rapidly dividing cells like im-
mune cells, but also mucosal cells of the GI tract
and bone marrow cells. The immunosuppres-
sive effect is mediated by inhibiting T and B
cells, especially during antigen recognition.
Low-dose methotrexate has a stronger effect on
the immune response than on other tissues.
This has led to low-dose,long-term treatment of
inflammatory rheumatic and ocular diseases
[65].

A low-dose regimen with usually 7.5-25mg
is given orally once a week. Depending on
the therapeutic response, which may take 6-10
weeks to become obvious, the dose can be in-
creased to 50 mg in single cases. In children, the
dose may be lower. Gastrointestinal side effects
can be reduced by i.m. injection.

Side effects include suppression of bone
marrow with reduced cell counts in peripheral
blood. A preventive measure is the administra-
tion of leucovorin (folinic acid), which bypasses
some of the cytostatic effects of methotrexate
on cell division, but also abrogates the thera-
peutic immunosuppressive effect. Other organs
that may rarely be affected are the liver, on
which methotrexate has a toxic effect resulting
in cirrhosis, and the lung, developing pneu-
monitis and fibrosis. More often methotrexate
causes alterations of the GI tract like nausea,
mucositis and diarrhoea, which resolve after
dose reduction or cessation of therapy. Metho-
trexate should not be given to patients with re-
nal insufficiency.

Recently, Kaplan and colleagues reported a
cohort of 39 patients, who were treated with
methotrexate [34]. Full or partial control of in-
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flammation was achieved in 23, and 10 patients
finally were taken off methotrexate due to com-
plete,long-lasting remission. Due to side effects,
treatment was discontinued in ten patients. An-
other retrospective study of 160 patients found
that inflammation was controlled in 76.2% of
patients, while a steroid-sparing effect was ob-
tained in 56 % [62]. Side effects requiring dis-
continuation of medication occurred in 18 % of
patients, while 8.1% experienced potentially se-
rious adverse reactions. In a series of 11 patients,
Bom et al. found that the addition of methotrex-
ate to other regimens, including corticosteroids,
allowed control of the inflammation with a re-
duction of the corticosteroid dose in more than
50% of the cases and a decreased number of
disease relapses in 45% [8]. In some patients
with reactive arthritis and associated uveitis,
systemic immunosuppression is indicated [37].
Here, like in paediatric patients with uveitis,
low-dose methotrexate has steroid sparing ef-
fects, is required for the preservation of visual
acuity and is generally well tolerated [69]. These
studies indicate that methotrexate is safer than
other cytotoxic drugs and is often well tolerat-
ed. It seems to have an important therapeutic
role in various types of uveitis [71].

16.2.3
Mycophenolate Mofetil

Like methotrexate, mycophenolate mofetil
(MMF) interferes with purine synthesis. Both
drugs selectively and reversibly inhibit the en-
zyme inosine monophosphate dehydrogenase,
which is important for guanosine and purine
synthesis. With the exception of lymphocytes,
most cells in the body can use salvage pathways
to circumvent the inhibition of the de novo syn-
thesis of purine. Since T and B cells depend ex-
clusively on the de novo synthesis pathway,
MTX and MMF impede cell growth and prolif-
eration, resulting in a reduced activation status
[36], decreased responses to antigenic stimula-
tion and reduced antibody production.

The typical dose of MMF is 1,000 mg orally
twice a day. Side effects include nausea and GI
tract discomfort especially during the first
weeks of therapy. This can be reduced if a low

dose is given initially and increased to the final
dose within 2-4weeks. Leucopenia, renal and
liver toxicity are rare, but appropriate monitor-
ing should be installed.

Patients with all types of uveitis have been
treated with MME, either as a steroid-sparing
agent or as a rescue therapy in otherwise non-
responsive inflammation. Downmodulation of
inflammation or prevention of relapses was re-
ported in eight of ten patients [82]. In a recent
study, control of ocular inflammation with
MMEF as monotherapy was achieved in 65% of
patients, and a steroid-sparing effect in 54 % of
patients [5]. In both studies, MMF was consid-
ered safe. The concomitant application of MMF
with cyclosporine promises additive effects,
since both inhibit T cells, although the modes of
action of the two drugs are different. Therefore,
the combination therapy of MMF with other
immunosuppressive regimens, predominantly
with cyclosporine, led to a relief of symptoms
and the ability to reduce the dose of prednisone
in most patients. Ten of 11 patients showed a
favourable response to MMF, with few side ef-
fects noted [41]. Another study supported this
finding [25]. Here a marked resolution of ocular
inflammatory activity occurred in 13 of 18 pa-
tients. Corticosteroids were discontinued in
four patients and the steroid dose could be re-
duced in 14 patients following MMF therapy.

16.2.4
Leflunomide

Leflunomide is another cytotoxic agent that is
widely used for the treatment of rheumatoid
arthritis, but there are no reports on its use for
ophthalmic inflammatory conditions.

16.2.5
Cyclophosphamide

Cyclophosphamide is a member of the nitrogen
mustard agent family. Most of the orally ingest-
ed drug is resorbed (75%) and readily distrib-
uted throughout the body. In the liver cyclo-
phosphamide is metabolized into the cytotoxic
agents phosphoramide mustard and hydroxy-
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cyclophosphamide [9]. These metabolites
crosslink DNA, RNA and cellular proteins, thus
ultimately leading to cytotoxicity. Although pri-
marily secreted unaltered through the kidney,
the metabolite acrolein is considered to be in-
volved in the development of bladder toxicity
[10]. Therefore mesna (sodium 2-mercap-
toethane sulphonate) should be given to reduce
the risk of haemorrhagic cystitis [9]. Cyclo-
phosphamide inhibits T- and B-cell functions,
resulting in reduced delayed type hypersensi-
tivity (DTH) reaction as well as reduced anti-
body responses [72].

Treatment indication for cyclophosphamide
is the inflammatory involvement of retina and
choroid in Behget’s disease. Cyclophosphamide
has been shown to be effective and to be superi-
or to corticosteroids or chlorambucil [33 60].

Serpiginous choroiditis is a sight-threaten-
ing disease when choriodal lesions develop in or
close to the macula. Treatment with steroids is
effective in controlling active inflammation and
may reduce lesion size, but there is evidence that
steroids fail to prevent relapses [12]; moreover,
even cyclosporine may not completely avoid re-
currences (summarized in [2]). Therefore more
aggressive immunosuppression with low-dose
cyclophosphamide (50-200 mg/day) for up to
53 months has been employed successfully for
the prevention of relapses [3]. Current recom-
mendations limit the duration of therapy to
3-6 months due to the increasing risk of devel-
oping neoplasia and bone marrow toxicity. Even
after cessation of treatment, some of these pa-
tients did not experience recurrences.

The recommended use of cyclophosphamide
is the oral treatment with 1-2 mg/kg/day, which
may be increased to 3-4 mg/kg/day for several
weeks in selected, severe cases only. Dose must
be adjusted to renal and ocular function with
close monitoring of leucopenia. For long-term
treatment the dose is adapted to the therapeutic
response as well as the leucocyte count, which
should be maintained above 3,500 cells/pl. The
patients are ordered to take their dose in the
morning and to drink 2-31 of beverage daily to
maintain frequent voiding. The intravenous ad-
ministration is indicated in cases with severe in-
flammation, like patients with occlusive retinal
vasculitis associated with Behget’s disease where

a fast onset of therapeutic effect is important to
preserve visual acuity. In addition, it reduces the
exposure of acrolein to the bladder and induces
only transient leucopenia. Every 3-4 weeks a bo-
lus of 15-20 mg/kg (or 1g/m? body surface) is
given, with concomitant application of mesna to
protect the bladder from toxicity.

16.2.6
Chlorambucil

Like cyclophosphamide, chlorambucil is an
alkylating nitrogen mustard derivative. It inter-
feres with DNA replication, transcription and
RNA translation, resulting in cytotoxicity. Chlor-
ambucil is readily resorbed after oral adminis-
tration and metabolized in the liver to the active
substance phenylacetic acid mustard. The ma-
jor excretion route of this and other metabolites
is through the kidney. Chlorambucil is used for
the treatment of malignancies as well as au-
toimmune diseases with vasculitic complica-
tions [13]; its immunosuppressive effect is pri-
marily mediated through inhibition of B cells.

The dose of chlorambucil is titrated accord-
ing to the therapeutic response and the leuco-
cyte count, which should be maintained above
3,000-3,500 cells/pl. The maximal dose should
not exceed 12-18 mg/day (0.1-0.2 mg/kg daily).
Haematologic toxicity is the most prominent
side effect. Myelosuppression is dose dependent
and may be profound at doses above 10 mg/day
and, although reversible, may persist for months
after discontinuation of chlorambucil. Haema-
tologic and liver function tests should be per-
formed regularly. Higher doses (10-30 mg/day)
significantly increase the incidence of gonadal
dysfunction like amenorrhoea, azoospermia,
testicular atrophy and erectile dysfunction [23].
Malignancies seem to occur only at higher dos-
es given for extended periods.

Chlorambucil is widely used for the treat-
ment of Behget’s disease. Long-standing remis-
sions can be induced and there is evidence that it
is superior to low-dose cyclosporine (5-7 mg/
kg/day) [48]. In addition to Behget’s disease,
Goldstein et al.and Miserocchi et al. reported the
use of chlorambucil for the treatment of a vari-
ety of other forms of therapy for refractive and
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sight-threatening uveitis [23, 47]. The average
treatment was 20 mg daily for 16 weeks or 8 mg
daily for 12 months, respectively. Both case series
describe long-term remissions even after cessa-
tion of chlorambucil therapy in patients who
were resistant to other treatment modalities.

16.3
Antibiotics

16.3.1
Sulphasalazine

Sulphasalazine is a prodrug that is metabolized
by commensal bacteria in the colon or in the
liver into two products: 5-aminosalicylic acid (5-
ASA) and sulphapyridine. There is some contro-
versy as to which of these two products is re-
sponsible for the activity of sulphasalazine.
Whereas it is known that 5-ASA is therapeutical-
ly effective, it is not clear whether sulphapyri-
dine adds any further benefit. In the colon, the
products created by the breakdown of sulpha-
salazine work as anti-inflammatory agents for
treating inflammation of the colon. The benefi-
cial effect of sulphasalazine is believed to be due
to alocal effect on the bowel, although there may
also be a beneficial systemic immunosuppres-
sive effect as well. Following oral administration,
33% of the sulphasalazine, all of the sulphapyri-
dine and about 33 % of the 5-ASA are resorbed.
The dose of sulphasalazine ranges from
1,000 to 2,000 mg/day, divided into two doses.
Frequently occurring side effects include GI
tract disturbances, nausea, vomiting, gastric
distress and headache. Sulphasalazine can in-
duce myelosuppression. Photosensitivity and
allergic reactions may induce rash. Typically,
sulphasalazine is indicated in patients with
spondylarthropathies as a disease-modifying or
steroid-sparing drug. For the treatment of
uveitis, sulphasalazine is used as a preventive
measure to maintain remissions of anterior
uveitis. In a prospective 3-year follow-up of pa-
tients it was shown that sulphasalazine signifi-
cantly reduced the number of relapses and the
severity of anterior uveitis associated with
ankylosing spondylitis [7]. Another retrospec-
tive study demonstrated that sulphasalazine

treatment reduced the number of flares over
a 1-year period in patients with recurrent acute
anterior uveitis [49].

16.4
Calcineurin Inhibitors

The inhibition of calcineurin in the intracellular
signalling pathway interferes with DNA tran-
scription and thus leads to a decreased function
of immune cells. The calcineurin inhibitors are
potent immunosuppressive drugs acting pre-
dominantly through the inhibition of T-cell
activation. While FK506 is 50-100 times more
potent than cyclosporin A, it still shares its tox-
icity and many of the side effects. CsA binds cy-
clophilins, whereas FK506 and rapamycin bind
so-called “FKs506-binding proteins” (FKBPs).
Cyclophilins and FKBPs are ubiquitous, abun-
dant, and are active in multiple cellular com-
partments.

16.4.1
Cyclosporine A (CsA)

Cyclosporine inhibits T cells by interfering with
intracellular signalling pathways. After antigen
recognition of the T cell, the T-cell receptor/CD3
complex on the cell surface is activated and in-
duces a cascade of intracellular signalling path-
ways, finally upregulating transcription of in-
flammatory cytokines like IL-2,-3,-4,IFN-y and
expression of IL-2 receptor [43]. Cyclosporine
as well as tacrolimus inhibit this signalling and
therefore inhibit activation of T cells after anti-
gen recognition. Due to their mode of action
these drugs act on the afferent, antigen-specific
arm of the immune response and only indirect-
ly on the efferent effector mechanisms, explain-
ing the late onset of immunosuppression in au-
toimmune diseases after initiation of treatment.
Recently it was shown for uveitis patients that
cyclosporine is capable of downregulating a
pathogenic Thi-type immune response with
correlation to clinical disease activity [20].
Since the first description of the use of cyclo-
sporine in uveitis patients, the doses have been
reduced markedly in order to avoid side effects
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[52]. The recommended dose is in the range of
2.5-7 mg/kg/day, which is divided into two daily
doses. Side effects are numerous and dose de-
pendent. The most frequent and worrisome are
hypertension and nephrotoxicity [30]. There-
fore, a close monitoring of blood pressure and
kidney function is important. During cyclo-
sporine treatment creatinine should not in-
crease more than 30% compared to pretreat-
ment levels. Other frequent side effects include
hypertrichosis, gingival hyperplasia, GI tract ir-
ritation, liver toxicity and headaches.

Although the use of cyclosporine was advo-
cated in Behget’s disease with ocular involve-
ment [6], recent investigations of the long-term
effect draw the conclusion that it is not the ide-
al therapeutic agent, because it cannot com-
pletely eliminate ocular Behget’s disease. How-
ever, it is currently one of the most effective and
efficient drugs for controlling uveitis and its
complications until better treatment modalities
are developed [55]. Cyclosporine is often used in
combination with steroids, a regimen that is
also effective in uveitis associated with tubu-
lointerstitial nephritis [29]. In combination
with other immunosuppressive agents, cyclo-
sporine is very useful in suppressing disease
while side effects can be minimized [33, 40].

16.4.2
Tacrolimus (FK506)

FKs506 is a metabolic product of the fungus
Streptomyces tsukabaensis. Calcineurin, the pro-
tein which function is inhibited by FK506, plays
arole in the regulation of a wide variety of tran-
scription factors. Through inhibiting the effica-
cy of calcineurin, FK506 not only suppresses the
immune system but also causes the side effects
that are linked to FK506’s use. Both FK506 and
rapamycin modulate IL-2 and GM-CSF gene ex-
pression at the transcriptional as well as the
post-transcriptional level [28]. The oral dose of
tacrolimus is in the range of 0.1-0.25 mg/kg/day,
divided into two doses. Clinically relevant FK506
side effects are nephrotoxicity, neurotoxicity, di-
abetes mellitus and hypertension. Most of these
side effects are more closely related to FK506
blood levels than dosage; therefore therapeutic

drug monitoring (TDM) of FKs506 levels is a
prerequisite for therapy [57].

Tacrolimus has only been applied to a small
group of uveitis patients. Uchio demonstrated
that the therapeutic effect is correlated with
higher levels of sSICAM-1 in patients with Be-
hget’s disease [78]. In another study, patients
with sight-threatening uveitis refractory to
cyclosporine were treated with tacrolimus. The
posterior uveitis remained controlled in all pa-
tients while they were taking tacrolimus. Five of
the six patients showed improvement in visual
acuity while side effects were less troublesome
compared to cyclosporine [68].

16.4.3
Sirolimus (Rapamycin)

Rapamycin is a peptide that was isolated from
the bacteria strain Streptomyces hygroscopicus.
Rapamycin is believed to block the immune
response by causing programmed cell death
(apoptosis) in T cells.

Side effects from the use in transplantation
have been reported for rapamycin, such as
raised lipid and cholesterol levels, hypertension,
anaemia, diarrhoea, rash, thrombocytopenia,
decreases in platelets and haemoglobin; howev-
er, these are generally less serious. Rapamycin
effectively inhibits wound healing and should
therefore not be applied after surgery. Positive
effects on experimental animal models of auto-
immune uveitis were described, but studies on
the effect of sirolimus in uveitis patients have
not yet been published.

16.5
Immunomodulatory Substances

16.5.1
Thalidomide

Thalidomide, or alpha-(N-phthalimido)-glu-
tarimide, is a glutamic acid derivative. In the
fifties and sixties of the last century, the drug
was used for its sedative and antiemetic effects.
Thalidomide was used by pregnant women to
treat morning sickness and nausea, for it was



16.5 Immunomodulatory Substances

263

promoted as being non-toxic with no side ef-
fects [56]. Later, thalidomide became most no-
torious for its dramatic side effects, with terato-
genicity as the most worrisome and serious one.
The teratogenic effects include limb, ear and eye
abnormalities and defects of internal organs. A
single dose of thalidomide is believed to be ter-
atogenic [77]. Another serious and potentially
not reversible side effect, not even after with-
drawal of the drug, is peripheral neuropathy
causing symmetrical, painful paraesthesias of
hands and feet accompanied by sensory loss.

The mechanism of action is still unclear. It is
known that it downregulates TNF-a in condi-
tions with increased TNF-a production [38].
TNF-a is secreted by macrophages and T-helper
lymphocytes upon activation and is thus found
in many inflammatory diseases such as uveitis.
However, it is not a simple inhibitor of TNF-cv: it
can switch off the overproduction of TNE, but
does not inhibit the basal level needed for nor-
mal cellular function. It also inhibits angiogen-
esis, which is essential for many physiologic and
pathologic pathways. Other effects of thalido-
mide on the immune system include inhibition
of leukocyte chemotaxis, decrease in density of
adhesion molecules, inhibition of lymphocyte
proliferative responses, change in the levels of
different cytokines and reduction of phagocy-
tosis, thus preventing the invasion of the eye by
inflammatory cells [56].

Due to its severe side effects and potent ter-
atogenicity, thalidomide treatment is restricted
to severe cases only and is then used in higher

Fig.16.2. Cytokine network. Inter-
actions between T-helper cell (Th),
B-cell (B) and macrophage (M) as a
representative for antigen presenting
or inflammatory cell, respectively.
Effects on tissue cells are shown, such
as upregulation of inducible nitric
oxide synthetase (iNOS) and adhe-
sion molecules by endothelia or en-
hanced production of tissue destruc-
tive proteases, all mediated by
TNF-a. The violet arrow indicates
the ability of T-helper cells to self-
activate by IL-2 secreted by them-
selves binding to their own IL-2
receptor (IL-2R)
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doses than formerly as a sedative drug. The
dose varies according to the indication for use,
but usually 100-300 mg is given per day, divided
into two doses. There were no larger trials with
thalidomide performed for uveitis; only some
reports on treatment of Behget’s disease pa-
tients. It has been used successfully with a com-
plete response rate of 6-16% versus none of
placebo treated patients [27]. Thalidomide has
also been used in a small group of paediatric
patients with doses ranging from 5 to 10 mg/kg
[35]. With this treatment regimen adverse ef-
fects like somnolence, dizziness, constipation,
headache, weight gain, rashes and a dry mouth
are milder. Taking the drug at bedtime helps to
minimize the likelihood of morning hangovers.

16.5.2
Anti-TNF-a Treatment

Tumour necrosis factor-a (TNF-a) is a proin-
flammatory cytokine, which is released prima-
rily by activated monocytes and macrophages.
It initiates the secretion of a cascade of other cy-
tokines in many different cell types. Monocytes
are activated to secrete IL-1 and -6, B cells pro-
duce antibodies and T cells IL-2, IFN-y and oth-
er cytokines (Fig.16.2). In endothelial cells
TNF-a upregulates different cytokines, adhe-
sion molecules and inducible nitric oxide syn-
thetase (iNOS). TNF-« also has effects on many
non-immune cells. In the brain it induces fever
and sleep, and in osteoblasts, fibroblast and my-
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ocytes the production of proteases, which will
lead to tissue destruction [15]. Besides the proin-
flammatory activity of TNF-o these latter effects
are responsible for the destruction of bone and
connective tissue in rheumatic diseases. In con-
trast,low concentrations of TNF-a have a neuro-
protective function, inducing remyelination in
the central and peripheral nervous system [4].
This might be the reason for the demyelinating
disease with MS-like symptoms or optic neuritis
described as an adverse event in some patients
treated with anti-TNF-« [18, 66] .

Nevertheless, therapeutics with inhibitory
activity on TNF-a have been successfully ap-
plied in rheumatic disorders; however, the re-
ports about effects on intraocular inflammatory
diseases are controversial.

During the past several years two substances
have been used. Infliximab is a partially human-
ized monoclonal antibody neutralizing TNF-a.
A new completely humanized monoclonal anti-
body is now available, but there are at present no
reports about its effect in uveitis patients. Etan-
ercept is a construct consisting of a TNF-«-re-
ceptor 2 and a human IgG heavy chain, which
acts as a receptor agonist binding both TNF-a
and TNF-P. A new fusion protein with a TNF re-
ceptor is currently under investigation for hu-
man use. Initial reports indicate a therapeutic
effect in uveitis patients [24]. Signalling through
TNF receptor 2 is necessary for the induction of
anterior chamber associated immune deviation
(ACAID), an important feature for maintaining
the immune privilege of the eye. This was nice-
ly demonstrated in a mouse model by Masli et
al. [44] and might explain the occurrence of
uveitis in patients treated with etanercept for
ankylosing spondylitis [58].

A major concern with the use of anti-TNF-a
therapies is the development of autoantibodies
in some patients even leading to symptoms of
systemic lupus erythematodes.

16.5.2.1
Etanercept

Etanercept binds TNF-a as well as TNF-f, pre-
venting the interaction with the natural recep-
tor on cell surfaces. Due to its long half-life of
98-300h, 25 mg of etanercept is applied subcu-

taneously two times a week only. Side effects in-
clude alocal reaction at the injection site, which
usually does not require special care. Other un-
wanted effects are a consequence of its anti-in-
flammatory and immunosuppressive activity,
which interferes with the host’s defence against
infections. These include respiratory infections,
the reactivation of tuberculosis and sepsis, from
which several of these patients have died. Since
patients with rheumatoid diseases have an in-
creased risk of infections due to their disease,
close monitoring is mandatory.

In patients with chronic or relapsing uveitis,
etanercept was used with the aim of preventing
relapses after disease has been controlled by
methotrexate [19]. With regard to the frequency
of relapses and the final visual acuity, the au-
thors did not find any significant difference be-
tween the treatment and placebo groups. Fortu-
nately, no patient suffered from any irreversible
long-term morbidity or mortality.

Reports about the efficacy of etanercept in
children with treatment-resistant uveitis with
or without underlying juvenile chronic arthritis
are conflicting. Reiff et al. reported alleviation
of uveitis in 10 of 16 eyes and prevention of re-
lapses in most children. Even after long-term
follow-up the authors noted a prolonged thera-
peutic effect [59]. On the other hand, Smith et al.
reported the results of a small, double-blind and
placebo-controlled trial of 12 children with pae-
diatric uveitis treated with etanercept [70]. They
did not find any therapeutic effect in either
group, questioning the efficacy of etanercept in
these patients.

16.5.2.2
Infliximab

The monoclonal antibody infliximab is injected
intravenously. The usual dose is 3-5 mg/kg body
weight; escalation to 10 mg/kg is used in single
cases. Infusions are repeated after 2 and 6 weeks
and then every 8 weeks. Side effects during infu-
sion include dizziness and headaches. Allergic
reactions to infliximab seem to be rare. Similar
to etanercept infliximab induces immunosup-
pression and thus inhibition of defence from in-
fections. Viral and respiratory infections as well
as tuberculosis [42] occur frequently. Thus, be-
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fore initiation of therapy tuberculosis has to be
excluded by chest X-ray and tuberculin skin
testing. In the case of positive results a prophy-
lactic INH(isoniazid) treatment is mandatory.
Recently, infliximab has been associated with
higher incidences of mortality and hospitaliza-
tion of patients with moderate to severe conges-
tive heart failure [46]. Optic neuritis may devel-
op [18], but it seems that infliximab may also
exert a direct toxic effect [74].

Infliximab has been used for the treatment of
many different uveitis entities. In most of these
studies patients with chronic or relapsing
uveitis were included who did not respond suf-
ficiently to conventional therapy. Anterior
uveitis associated with HLA-B2y seems to re-
spond quickly to monotherapy with infliximab.
Some of the patients experienced relapses after
a median period of 5 months, which might re-
flect the natural course of the disease [16, 21].
Due to the severity of uveitis in Behget’s disease,
several groups have used infliximab and pub-
lished their results. A single infusion of inflix-
imab rapidly induces a remission within
1-2 days and complete remission within 2 weeks
[32, 64]. Retreatment of patients with relapses
was successful, despite development of ocular
and systemic tuberculosis in one patient, who
responded to antituberculous treatment. The
use of infliximab in children with Behget’s
uveitis is limited, but shows positive effects [63].

Infliximab has been used more often than
etanercept for the treatment of uveitis. Until
now, there has been no study directly compar-
ing these two drugs. Only one single report of a
patient whose Behget’s disease did not respond
to etanercept but subsequently to a single infu-
sion with infliximab indicates that the mono-
clonal antibody might be superior to etanercept

[17].

16.5.3
Interferon-a

Interferon-a and interferon-p (IFN-a, -p) are
type 1 interferons, induced by viral infections
and tumours or foreign cells. IFN- o subtypes
are preferentially produced by monocytes/
macrophages, but mainly by plasmacytoid den-

dritic cells (PDC) during viral infections, trig-
gered by DNA with viral or bacterial CpG-mo-
tifs. IFN-ot was thus primarily used for the treat-
ment of chronic hepatitis B and C.

The mechanism of action of recombinant
IFN-a2a treatment is not yet fully understood.
The effect may include a modulation of the im-
mune system. NK (natural killer) cells and NKT
cells, a cell population bearing NK receptors as
well as T-cell receptors (of restricted variabili-
ty), are stimulated with IFN-«. The original hy-
pothesis was based on reports that the NK/NKT
cell activity is impaired and their number de-
creased in several autoimmune animal models
and human diabetes [81]. NKT cells have an im-
portant regulatory function in the innate as well
as the adaptive immune response [73]. The defi-
ciency of NK cells could be corrected with IFN-
o treatment. Later, IFN-a was described as an
inductor of circulating IL-1 receptor antago-
nists. In this case, induction of an anti-inflam-
matory status was suggested through modula-
tion of the IL-1/IL-1 receptor antagonist balance.
Recent results suggest that host immunity is an
important factor in the response to interferon
therapy [61].

Side effects of IFN-a therapies are the devel-
opment of anti-thyroid antibodies, sometimes
leading to thyroiditis, and anti-DNA antibodies.
Since increased IFN-a and anti-DNA antibodies
are also found in patients with lupus erythema-
todes, it is a major concern that IFN-« treat-
ment even has the potential to induce SLE. Most
patients experience flu-like symptoms, which
resolve spontaneously.

In an uncontrolled prospective study, 50 pa-
tients with Behget’s disease and sight-threaten-
ing uveitis were treated with a daily subcuta-
neous dose of 6 million units recombinant
human IFN-a. Forty-six patients responded
well with increasing visual acuity and regress-
ing intraocular inflammation. The overall activ-
ity of Behget’s disease was reduced to 50 %, and
after a mean observation period of 3years
20 patients were able to discontinue treatment
and were in remission for 7-58 months. The re-
maining patients were able to reduce their dose
of IFN-a to 3 million units three times a week

(39].
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16.5.4
Daclizumab

T cells upregulate their receptor for IL-2 (IL-2R)
upon activation. Targeting the a-chain of the
high-affinity IL-2R will thus affect only activat-
ed T cells, the population that maintains the au-
toaggressive immune response, while leaving
the pool of memory and naive T cells un-
touched. In rodent experimental autoimmune
uveitis the autoaggressive Thi cells express
large numbers of IL-2R [11]. In a non-human
primate model, targeting IL-2 receptors could
effectively downregulate experimentally in-
duced intraocular inflammation [26], offering
the rationale for treating the first patients in a
non-randomized open-label pilot study [50].
Ten uveitis patients were successfully treated
with the humanized antibody specific for the
IL-2 receptor (daclizumab); 1mg/kg body-
weight was infused in 2-week intervals. After
24 weeks the intervals between the infusions
were increased to 4 weeks. Within the 1styear
patients did not need any other immunosup-
pressive or anti-inflammatory therapy besides
daclizumab.

Meanwhile seven of these patients were fol-
lowed for more than 4 years. During the 3 years
follow-up subcutaneous application of thera-
peutic antibody was tested (2mg/kg body
weight, two applications within the first
2weeks, followed by 4 weekly maintenance
treatments with 1 mg/kg body weight). In all pa-
tients treated s.c. the concomitant immunosup-
pressive therapy could be reduced, while visual
acuity remained stable. Side effects within the
1st year of daclizumab therapy were granuloma-
tous dermatitis in two patients, whereas during
the following 3 years of treatment more side ef-
fects appeared, ranging from minor infections
to renal cell carcinoma in one patient [53].

16.6
Oral Tolerance Induction

The various treatment strategies discussed above
have one major feature in common: they general-
ly suppress the immune system, but not only the
autoaggressive immune response. Furthermore,
the pharmaceutical and even some biological
agents are burdened with severe side effects,
which might even accumulate with duration of
treatment. Although most of the side effects are
dose dependent and can be reduced by combin-
ing different therapeutic agents, the side effects
will limit efficiency of therapy in most patients,
often resulting in loss of visual acuity for the sake
of the patients’ safety. It is therefore important to
develop highly specific therapies, such as the in-
duction of antigen specific mucosal tolerance. In
this case the antigen which is attacked by the im-
mune system is applied orally, and in that man-
ner induces regulatory cells downregulating the
autoaggressive immune response.

This mechanism of mucosal tolerance is usu-
ally effective for nutritional proteins, preventing
adverse reactions that potentially lead to food
allergies. This tolerance is mediated by suppres-
sor cells specific for the respective antigen; how-
ever, the exact mechanisms of this suppression
are not yet fully elucidated. It is assumed that
suppressor T cells recognize the respective anti-
gen and secrete suppressive cytokines, such as
TGF-fB,1L-10 (Th3, Tr type) or cytokines belong-
ing to the respective antagonistic Th type of the
immune response [79] (Fig.16.3). To date vari-
ous antigens have been orally applied to uveitis
patients [51, 54, 75].

16.6.1
Retinal Autoantigens as Tolerogens

In the first pilot study of oral tolerance induc-
tion two patients with chronic intermediate and
Behget’s uveitis, respectively, both requiring
permanent immunosuppressive therapy, were
orally treated with retinal S-Ag [54]. These pa-
tients received 30 mg of purified bovine retinal
S-Ag, starting with 3 times a week initially. Lat-
er the intervals of oral antigen administration
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Fig.16.3. Oral tolerance. Retinal autoantigen pro-
tein (S-Ag) or a peptide (B27PD) derived from HLA-B
antigens and imitating an immunogenic peptide
from S-Ag are applied via the gastrointestinal mu-
cosa. Presented by antigen presenting cells (APC) in
the gut they will activate specific suppressor cells (T5),

were extended and finally the patients were tak-
en off oral S-Ag. In the 41 months follow-up the
disease activity decreased and as a positive ef-
fect of treatment with oral S-Ag, the conven-
tional medication could be reduced.

Later a prospective, randomized, double-
blinded clinical phase I/II trial followed. Four
groups of patients received either placebo, puri-
fied bovine retinal S-Ag, retinal extract en-
riched with S-Ag or bovine retinal extract [51]
to ensure that tolerance was induced to all pos-
sible antigens, which might play a role in the
course of uveitis [14]. The read out in this study
was the time from study entry to tapering off
immunosuppressive therapy, and in the follow-
up the time until the next relapse occurred.
With respect to both parameters, the patient
group treated with purified oral S-Ag showed
positive results compared to placebo controls or
the other treatment groups. Unfortunately, the
results did not reach statistical significance pos-
sibly due to a too small sample size.

Autoimmune disease

@
!

S-Antigen peptide
PDSAg

which induce tolerance in a still unknown way, prob-
ably by secretion of suppressive cytokines. This in-
duction of tolerance is achieved by impeding the ac-
tion of autoaggressive T-helper 1 (Th1) cells,which are
crossreactive between the HLA-peptide B27PD and
the peptide from retinal S-antigen

16.6.2
HLA-peptide B27PD as Oral Tolerogen

The 14-mer peptide B27PD (ALNEDLSS-
WTAADT) has been shown to be highly effec-
tive for the treatment of experimental autoim-
mune uveitis in rats [80]. Therefore a
prospective uncontrolled open trial for nine pa-
tients with chronic anterior, intermediate or
posterior uveitis was initiated, using the encap-
sulated peptide for oral treatment [75]. All pa-
tients were on long-lasting conventional im-
munosuppressive therapy and either suffered
from severe side effects or were unresponsive to
this treatment. The patients received 4 mg of the
peptide three times a week during the first
12weeks and were then followed for another
omonths. The amount of concomitant im-
munosuppressive treatment was limited to
20mg of prednisone or equivalent during the
12 weeks of tolerance induction, and during the
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whole study period conventional therapy was
adjusted to the patients’ disease activity.

In all patients, visual acuity and/or intraocu-
lar inflammation improved during the peptide
treatment. This allowed reducing corticosteroid
therapy in all patients within 2-6 weeks, result-
ing in an average steroid dose reduction from
10.4mg (in the year prior to study entry) to
3.1mg daily within the year after study entry. At
the same time visual acuity increased slightly.
Extensive in vitro testing of peripheral blood
lymphocytes revealed that immune responses
to mitogens (PHA, phytohaemagglutinin) and
recall antigens (tetanus toxoid, PPD (purified
protein derivative of M. tuberculosis) were not
altered by peptide treatment, indicating that tol-
erance induction does not cause a generalized
immunosuppression.

During the follow-up of 4 years, four patients
were successfully retreated with oral peptide.
The average visual acuity of all patients re-
mained stable with reduced concomitant corti-
costeroid therapy [76].

Summary for the Clinician

o Uveitis patients with sight threatening
chronic or remitting disease require im-
munosuppressive therapy if corticosteroids
alone show unsatisfactory therapeutic
effects or intolerable side effects

e Immunosuppressive therapy with
cytotoxic drugs (azathioprine, metho-
trexate, mycophenolate mofetil, cyclophos-
phamide or chlorambucil), antibiotics
(sulphasalazine) or calcineurin inhibitors
(cyclosporine A, tacrolimus) is usually com-
bined with corticosteroids in order to save
on the therapeutic dose of either drug and
thus to reduce side effects. The therapeutic
effect of conventional immunosuppressive
agents may be delayed by several weeks or
up to 3 months

e New immunomodulatory therapies such
as thalidomide, and biologicals targeting
cytokines (anti-TNF-a: infliximab or
TNF-aR-IgG: etanercept), cytokine recep-
tors on immune cells (anti-IL-2Receptor:
daclizumab) or the direct application of
cytokines (IFN-a) are more specific in their
mode of action. They have the potential

to quickly induce remission in uveitis
patients, even in those with certain underly-
ing diseases (e.g. Behcet’s disease). How-
ever, due to limited experience possible side
effects are still not known

Immunological therapies with the capacity
to reinduce tolerance to autoantigens with-
out affecting other immune responses, like
oral tolerance induction, are under investi-
gation and have the potential to be void of
adverse events

References

©

10.

Akpek EK, Baltatzis S, Yang J, et al. (2001) Long-
term immunosuppressive treatment of serpigi-
nous choroiditis. Ocul Immunol Inflamm 9:153-
167

Akpek EK, Ilhan Sarac O (2003) New treatments
for serpiginous choroiditis. Curr Opin Ophthal-
mol 14:128-131

Akpek EK, Jabs DA, Tessler HH, et al. (2002) Suc-
cessful treatment of serpiginous choroiditis with
alkylating agents. Ophthalmology 109:1506-1513
Arnett HA, Mason J, Marino M, et al. (2001) TNF
alpha promotes proliferation of oligodendrocyte
progenitors and remyelination. Nat Neurosci 4:
1116-1122

Baltatzis S, Tufail F, Yu EN, et al. (2003) Mycophe-
nolate mofetil as an immunomodulatory agent in
the treatment of chronic ocular inflammatory
disorders. Ophthalmology 110:1061-1065

BenEzra D, Cohen E, Chajek T, et al. (1988) Evalua-
tion of conventional therapy versus cyclosporine A
in Behcet’s syndrome. Transplant Proc 20:136-143
Benitez Del Castillo JM, Garcia Sanchez J, Iradier
T, et al. (2000) Sulfasalazine in the prevention of
anterior uveitis associated with ankylosing
spondylitis. Eye 14:340-343

Bom S, Zamiri P, Lightman S (2001) Use of
methotrexate in the management of sight-threat-
ening uveitis. Ocul Immunol Inflamm 9:35-40
Brock N (1989) Oxazaphosphorine cytostatics:
past-present-future. Seventh Cain Memorial Award
lecture. Cancer Res 49:1-7

Cannon J, Linke CA, Cos LR (1991) Cyclophos-
phamide-associated carcinoma of urothelium:
modalities for prevention. Urology 38:413-416

. Caspi RR (2002) Th1 and Th2 responses in patho-

genesis and regulation of experimental autoim-
mune uveoretinitis. Int Rev Immunol 21:197-208

. Christmas NJ, Oh KT, Oh DM, et al. (2002) Long-

term follow-up of patients with serpiginous
choroiditis. Retina 22:550-556



References

269

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Clements PJ, Davis ] (1986) Cytotoxic drugs: their
clinical application to the rheumatic diseases.
Semin Arthritis Rheum 15:231-254

Deeg CA, Thurau SR, Gerhards H, et al. (2002)
Uveitis in horses induced by interphotoreceptor
retinoid-binding protein is similar to the sponta-
neous disease. Eur ] Immunol 32:2598-2606
Eigler A, Sinha B, Hartmann G, et al. (1997) Tam-
ing TNF: strategies to restrain this proinflamma-
tory cytokine. Immunol Today 18:487-492

El Shabrawi Y, Hermann ] (2002) Anti-tumor
necrosis factor-alpha therapy with infliximab as
an alternative to corticosteroids in the treatment
of human leukocyte antigen B27-associated acute
anterior uveitis. Ophthalmology 109:2342-2346
Estrach C, Mpofu S, Moots R] (2002) Behcet’s
syndrome: response to infliximab after failure of
etanercept. Rheumatology (Oxford) 41:1213-1214
Foroozan R, Buono LM, Sergott RC, et al. (2002)
Retrobulbar optic neuritis associated with inflix-
imab. Arch Ophthalmol 120:985-987

Foster CS, Tufail F, Waheed NK, et al. (2003) Effi-
cacy of etanercept in preventing relapse of uveitis
controlled by methotrexate. Arch Ophthalmol
121:437-440

Frassanito MA, Dammacco R, Fusaro T, et al.
(2003) Combined cyclosporin-A/prednisone ther-
apy of patients with active uveitis suppresses
IFN-gamma production and the function of den-
dritic cells. Clin Exp Immunol 133:233-239

Fries W, Giofre MR, Catanoso M, et al. (2002)
Treatment of acute uveitis associated with
Crohn’s disease and sacroileitis with infliximab.
Am ] Gastroenterol 97:499-500

Gion N, Stavrou P, Foster CS (2000) Im-
munomodulatory therapy for chronic tubuloint-
erstitial nephritis-associated uveitis. Am ] Oph-
thalmol 129:764-768

Goldstein DA, Fontanilla FA, Kaul S, et al. (2002)
Long-term follow-up of patients treated with short-
term high-dose chlorambucil for sight-threatening
ocular inflammation. Ophthalmology 109:370-377
Greiner K, Murphy CC, Willermain F, et al. (2004)
Anti-TNFalpha therapy modulates the pheno-
type of peripheral blood CD4+ T cells in patients
with posterior segment intraocular inflamma-
tion. Invest Ophthalmol Vis Sci 45:170-176
Greiner K, Varikkara M, Santiago C, et al. (2002)
Efficiency of mycophenolate mofetil in the treat-
ment of intermediate and posterior uveitis. Oph-
thalmologe 99:691-694

Guex Crosier Y, Raber J, Chan CC, et al. (1997) Hu-
manized antibodies against the alpha-chain of
the IL-2 receptor and against the beta-chain
shared by the IL-2 and IL-15 receptors in a mon-
key uveitis model of autoimmune diseases. ] Im-
munol 158:452-458

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37-

38.

39.

40.

Hamuryudan V, Mat C, Saip S, et al. (1998)
Thalidomide in the treatment of the mucocuta-
neous lesions of the Behcet syndrome. A random-
ized, double-blind, placebo-controlled trial. Ann
Intern Med 128:443-450

Hanke JH, Nichols LN, Coon ME (1992) FK506
and rapamycin selectively enhance degradation
of IL-2 and GM-CSF mRNA. Lymphokine Cy-
tokine Res 11:221-231

Hudde T, Heinz C, Neudorf U, et al. (2002) Tubu-
lointerstitial nephritis and uveitis (TINU syn-
drome) - comorbidity and complications in four
patients. Klin Monatsbl Augenheilkd 219:528-532
Isnard Bagnis C, Tezenas du Montcel S, Beaufils
H, et al. (2002) Long-term renal effects of low-
dose cyclosporine in uveitis-treated patients: fol-
low-up study. ] Am Soc Nephrol 13:2962-2968
Jordan JE, Walter P, Ayertey HD, et al. (2003) Inter-
mediate uveitis in childhood preceding the diag-
nosis of multiple sclerosis: a 13-year follow-up.
Am J Ophthalmol 135:885-886

Joseph A,Raj D,Dua HS, et al. (2003) Infliximab in
the treatment of refractory posterior uveitis.
Ophthalmology 110:1449-1453

Kaklamani VG, Kaklamanis PG (2001) Treatment
of Behcet’s disease — an update. Semin Arthritis
Rheum 30:299-312

Kaplan Messas A, Barkana Y, Avni I, et al. (2003)
Methotrexate as a first-line corticosteroid-spar-
ing therapy in a cohort of uveitis and scleritis.
Ocul Immunol Inflamm 11:131-139

Kari JA, Shah V, Dillon M] (2001) Behcet’s disease
in UK children: clinical features and treatment
including thalidomide. Rheumatology (Oxford)
40:933-938

Kilmartin DJ, Fletcher Z], Almeida JA, et al. (2001)
CD69 expression on peripheral CD4+ T cells par-
allels disease activity and is reduced by mycophe-
nolate mofetil therapy in uveitis. Invest Ophthal-
mol Vis Sci 42:1285-1292

Kiss S, Letko E, Qamruddin S, et al. (2003) Long-
term progression, prognosis, and treatment of
patients with recurrent ocular manifestations of
Reiter’s syndrome. Ophthalmology 110:1764-1769
Klausner JD, Freedman VH, Kaplan G (1996)
Thalidomide as an anti-TNF-alpha inhibitor: im-
plications for clinical use. Clin Immunol Im-
munopathol 81:219-223

Kotter I, Zierhut M, Eckstein AK, et al. (2003) Hu-
man recombinant interferon alfa-2a for the treat-
ment of Behcet’s disease with sight threatening
posterior or panuveitis. Br ] Ophthalmol 87:423-
431

Kulkarni P (2001) Review: uveitis and immuno-
suppressive drugs. ] Ocul Pharmacol Ther 17:181-
187



270

CHAPTER 16 Immunomodulatory Therapy in Uveitis

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53-

54.

Larkin G, Lightman S (1999) Mycophenolate
mofetil. A useful immunosuppressive in inflam-
matory eye disease. Ophthalmology 106:370-374
Lim WS, Powell RJ, Johnston ID (2002) Tubercu-
losis and treatment with infliximab. N Engl ] Med
346:623-626

Liu J (1993) FKs506 and cyclosporin, molecular
probes for studying intracellular signal transduc-
tion. Immunol Today 14:290-295

Masli S, Turpie B, Streilein JW (2003) By alter-
ing TNFR2:TNFR1 expression, TGFb prevents
ACAID-inducing antigen presenting cells from
secreting IL-12. Invest Ophthalmol Vis Sci E-Ab-
stract 44:990

Michel S-S, Ekong A, Baltatzis S, et al. (2002) Mul-
tifocal choroiditis and panuveitis: immunomod-
ulatory therapy. Ophthalmology 109:378-383
Mikuls TR, Moreland LW (2003) Benefit-risk
assessment of infliximab in the treatment of
rheumatoid arthritis. Drug Saf 26:23-32
Miserocchi E, Baltatzis S, Ekong A, et al. (2002) Ef-
ficacy and safety of chlorambucil in intractable
noninfectious uveitis: the Massachusetts Eye and
Ear Infirmary experience. Ophthalmology 109:
137-142

Mudun BA, Ergen A, Ipcioglu SU, et al. (2001)
Short-term chlorambucil for refractory uveitis in
Behcet’s disease. Ocul Immunol Inflamm 9:219—
229

Munoz Fernandez S, Hidalgo V, Fernandez Melon
J,etal. (2003) Sulfasalazine reduces the number of
flares of acute anterior uveitis over a one-year pe-
riod. ] Rheumatol 30:1277-1279

Nussenblatt RB, Fortin E, Schiffman R, et al.
(1999) Treatment of noninfectious intermediate
and posterior uveitis with the humanized anti-
Tac mAb: a phase I/II clinical trial. Proc Natl Acad
Sci U S A 96:7462-7466

Nussenblatt RB, Gery I, Weiner HL, et al. (1997)
Treatment of uveitis by oral administration of
retinal antigens: results of a phase I/II random-
ized masked trial. Am J Ophthalmol 123:583-592
Nussenblatt RB, Palestine AG, Rook AH, et al.
(1983) Treatment of intraocular inflammatory
disease with cyclosporin A. Lancet 2:235-238
Nussenblatt RB, Thompson D], Li Z, et al. (2003)
Humanized anti-interleukin-2 (IL-2) receptor al-
pha therapy: long-term results in uveitis patients
and preliminary safety and activity data for es-
tablishing parameters for subcutaneous adminis-
tration. ] Autoimmun 21:283-293

Nussenblatt RB, Whitcup SM, de Smet MD, et al.
(1996) Intraocular inflammatory disease (uveitis)
and the use of oral tolerance: a status report. Ann
NY Acad Sci 778:325-337

55-

56.

57-

58.

59-

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Ozdal PC, Ortac S, Taskintuna I, et al. (2002)
Long-term therapy with low dose cyclosporin A
in ocular Behcet’s disease. Doc Ophthalmol 105:
301-312

Patil CR, Bhise SB (2003) Re-emergence of
thalidomide. Ind ] Pharmacol 35:204-212

Qi S,Xu D, Peng]J,etal. (2000) Effect of tacrolimus
(FK506) and sirolimus (rapamycin) mono- and
combination therapy in prolongation of renal al-
lograft survival in the monkey. Transplantation
69:1275-1283

Reddy AR, Backhouse OC (2003) Does etanercept
induce uveitis? Br ] Ophthalmol 87:925

Reiff A (2003) Long-term outcome of etanercept
therapy in children with treatment-refractory
uveitis. Arthritis Rheum 48:2079-2080

Saenz A, Ausejo M, Shea B, et al. (2000) Pharma-
cotherapy for Behcet’s syndrome. Cochrane Data-
base Syst Rev 2

Saito H, Ebinuma H, Satoh I, et al. (2000) Im-
munological and virological predictors of out-
come during interferon-alpha therapy of chronic
hepatitis C. ] Viral Hepat 7:64-74

Samson CM, Waheed N, Baltatzis S, et al. (2001)
Methotrexate therapy for chronic noninfectious
uveitis: analysis of a case series of 160 patients.
Ophthalmology 108:1134-1139

Saulsbury FT, Mann JA (2003) Treatment with in-
fliximab for a child with Behcet’s disease. Arthri-
tis Rheum 49:599-600

Stikakis PP (2002) Behcet’s disease: a new target
for anti-tumour necrosis factor treatment. Ann
Rheum Dis 61 Suppl 2:ii51-53

Shah SS, Lowder CY, Schmitt MA, et al. (1992)
Low-dose methotrexate therapy for ocular
inflammatory disease. Ophthalmology 99:1419-
1423

Sicotte NL, Voskuhl RR (2001) Onset of multiple
sclerosis associated with anti-TNF therapy. Neu-
rology 57:1885-1888

Silman AJ, Petrie ], Hazleman B, et al. (1988) Lym-
phoproliferative cancer and other malignancy in
patients with rheumatoid arthritis treated with
azathioprine: a 20year follow up study. Ann
Rheum Dis 47:988-992

Sloper CM, Powell R], Dua HS (1999) Tacrolimus
(FK506) in the treatment of posterior uveitis re-
fractory to cyclosporine. Ophthalmology 106:
723-728

Smith J-R (2002) Management of uveitis in pedi-
atric patients: special considerations. Paediatr
Drugs 4:183-189

Smith JA, Smith S, Whitcup SM, et al. (2002) The
treatment of JRA-associated uveitis with etaner-
cept. Arthritis Rheum 46:5482

Stawell R (2003) Methotrexate in inflammatory
eye disease. Ocul Immunol Inflamm 11:79-82



References

271

72.

73.

74.

75-

76.

77

Stockman GD, Heim LR, South MA, et al. (1973)
Differential effects of cyclophosphamide on the B
and T cell compartments of adult mice. J Im-
munol 110:277-282

Taniguchi M, Harada M, Kojo S, et al. (2003) The
regulatory role of Valphaiq NKT cells in innate
and acquired immune response. Annu Rev Im-
munol 21:483-513

ten Tusscher MP, Jacobs PJ, Busch MJ, et al. (2003)
Bilateral anterior toxic optic neuropathy and the
use of infliximab. BMJ 326:579

Thurau SR, Diedrichs-Mdhring M, Fricke H, et al.
(1999) Oral tolerance with an HLA-peptide mim-
icking retinal autoantigen as a treatment of au-
toimmune uveitis. Immunol Lett 68:205-212
Thurau SR, Wildner G (2003) An HLA-peptide
mimics organ-specific antigen in autoimmune
uveitis: its role in pathogenesis and therapeutic
induction of oral tolerance. Autoimm Rev 2:171-
176

Tseng S, Pak G, Washenik K, et al. (1996) Rediscov-
ering thalidomide: a review of its mechanism of
action, side effects, and potential uses. ] Am Acad
Dermatol 35:969-979

78.

79.

8o.

81.

82.

Uchio E, Matsumoto T, Tanaka SI, et al. (1999) Sol-
uble intercellular adhesion molecule-1 (ICAM-1),
CD4, CD8 and interleukin-2 receptor in patients
with Behcet’s disease and Vogt-Koyanagi-Hara-
da’s disease. Clin Exp Rheumatol 17:179-184
Weiner HL (2001) Oral tolerance: immune mech-
anisms and the generation of Th3-type TGF-beta-
secreting regulatory cells. Microbes Infect 3:947-
954

Wildner G, Thurau SR (1994) Cross-reactivity be-
tween an HLA-B27-derived peptide and a retinal
autoantigen peptide: a clue to major histocom-
patibility complex association with autoimmune
disease. Eur ] Immunol 24:2579-2585

Wilson SB, Kent SC, Patton KT, et al. (1998) Ex-
treme Thi bias of invariant Valpha24JalphaQ T
cells in type 1 diabetes. Nature 391:177-181
Zierhut M, Stubiger N, Aboalchamat W, et al.
(2001) Immunosuppressive therapy with my-
cophenolate mofetil (CellCept) in treatment of
uveitis. Ophthalmologe 98:647-651



Vitrectomy in Uveitis

17

MATTHIAS D. BECKER, ARND HEILIGENHAUS, MARC DE SMET, JANET DAVIS

e Pars plana vitrectomy (PPV) is performed
to remove vitreous opacities in uveitis
patients

There are a large number of diagnostic
and therapeutic indications for removal

of vitreous opacities. A decision to perform
PPV in an individual patient requires
consideration of potential benefits and
risks that are incompletely defined

in the medical literature

Uveitis may initiate a particular spectrum
of complications after PPV, and therefore
adequate control of intraocular inflamma-
tion in the preoperative and postoperative
periods is mandatory. Combined manage-
ment by uveitis and retina specialists

is often required

171
Introduction

Over the last 25 years 60 papers have been pub-
lished dealing with therapeutic vitrectomy in
uveitis (overview in [1]). So far no prospective,
controlled clinical trials have been performed
to precisely evaluate the role of pars plana vit-
rectomy (PPV) as a single or combined surgical
procedure in patients with intraocular inflam-
mation. Inconsistent data exist regarding prog-
nostic determinants and the role of periopera-
tive immunosuppressive therapy. It is the
purpose of this review to present available in-
formation from the medical literature and sum-
marize our current recommendations concern-
ing vitrectomy in uveitis.

17.2
General Approach to PPV in Uveitis

17.2.1
Patient Selection

Patients are selected for PPV for either diagnos-
tic or therapeutic purposes. Often, both indica-
tions are present if it is felt that the patient will
potentially benefit from removal of vitreous
opacities. Non-elective indications include the
management of uveitic complications, such as
retinal detachment. Elective indications, such as
improvement of vision by reduction of cystoid
macular oedema or PPV as an alternative to fur-
ther systemic immunomodulatory treatment,
are difficult to define in the absence of clinical
trials data. In general, intermediate uveitis with
persistent, visually significant vitreous opaci-
ties and medically controlled macular oedema
is probably the clearest indication for PPV.

17.2.2
Timing of Surgery

Whereas cataract surgery in uveitis is ordinari-
ly performed only after complete quiescence of
the uveitis for 3-6 months, PPV may under cer-
tain circumstances be performed in active dis-
ease. Manipulation of the posterior segment
through small incisions is probably not as trau-
matic as the larger incisions and manipulation
of iris performed in anterior segment surgery.
However, the maximum amount of inflamma-
tion that can be tolerated without compromis-
ing surgical results is not clear. For non-urgent
elective procedures, quiescence of anterior seg-
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ment inflammation is advisable. Inflammatory
choroidal effusion or exudative retinal detach-
ments are commonly considered contraindica-
tions. Active pars plana exudation may increase
the risk of retinal injury from the pars plana
sclerotomy sites.

17.2.3
Technical Considerations

Standard three-port vitrectomy with 20-gauge
instrumentation is ordinarily performed. New
25-gauge instrumentation may be a good alter-
native, especially diagnostic vitrectomies or
other limited core vitrectomies to clear vitreous
opacities [2].

PPV in uveitis patients often involves addi-
tional vitreoretinal procedures such as pars
plana lensectomy, membrane peeling, detach-
ment repair, retinal biopsy and occasionally
retinotomy or retinectomy, or endolaser photo-
coagulation with attendant needs for special-
ized instrumentation and skills (see Sect.17.4,
“Combined Surgery”, below.)

17.24
Diagnostic Procedures

Diagnostic testing of vitreous specimens needs
to be carefully planned prior to surgery. Sepa-
rate specimens need to be collected in appropri-
ate transport containers for each diagnostic
test. In general, undiluted vitreous is preferred
for cytology, viral culture, polymerase chain re-
action (PCR), and antibody determinations. Di-
luted vitreous wash can be used for flow cytom-
etry and DNA gene rearrangement studies and
filtered for bacterial and fungal cultures.

Vitreous cells and bacterial or fungal cul-
tures are transported at room temperature. Vi-
ral cultures, PCR and antibodies are refrigerat-
ed or frozen, depending upon the time until the
assay can be performed. Coordination with the
laboratory prior to PPV is desirable to avoid
damage to the specimen.

17.3
Perioperative Management

17.3.1
Assessment of Other Ocular Disease

17.3.1.1
Retinal Detachment

Small pupils from posterior synechiae, cataract,
and vitreous opacities can interfere with the
preoperative evaluation of the retina, making
ultrasonography necessary prior to PPV. Ultra-
sound is useful in eyes with opaque media to as-
sess the configuration of a preoperative retinal
detachment and to detect elevated retinal tears
and vitreous traction.

It may be impossible to differentiate a rheg-
matogenous from an exudative retinal detach-
ment clinically or ultrasonographically. The old
rule that shifting subretinal fluid indicates ex-
udative detachment often does not hold in
uveitis as inflammation can increase the protein
content of the subretinal fluid and result in
changes in the shape and extent of detachment
with head position. However, stiff, contracted
retina or extensive epiretinal membrane forma-
tion is likely to occur only in rhegmatogenous
detachment.

In eyes with active inflammation, a preoper-
ative trial of oral corticosteroids at high doses
for 2 weeks may be helpful in excluding exuda-
tive detachment. It is important to remember
that rhegmatogenous detachment alone can
cause significant intraocular inflammation; pa-
tients with retinal detachment and no prior his-
tory of intraocular inflammation may have
good resolution of the inflammatory changes
following repair of the retinal detachment.

Because of associated ocular complications,
retinal detachments in uveitis are usually re-
paired by techniques that include PPV.
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17.3.1.2
Epiretinal Membrane

Epiretinal membranes in eyes with past or pres-
ent cystoid macular oedema can appear worse
than their actual effect on vision. Preoperative
decision-making regarding epiretinal mem-
brane removal can be assisted by optical coher-
ent tomography to visualize macular thickness,
membrane thickness, straightening of the inner
retina, cystoid spaces, and vitreous traction.
Macular thickening with inner retinal straight-
ening that persists after medical therapy and
macular thickening with vitreomacular traction
are probably the clearest indications for epireti-
nal membrane peeling. Removal of epiretinal
membranes that cover thinned macular retina
in a setting of chronically poor vision (after
chronic CME or scar formation) may not be
helpful in improving vision.

17.3.1.3
Glaucoma

Uveitic eyes with glaucoma should be evaluated
for the feasibility of implantation of a glaucoma
drainage device (GDD) at the time of PPV. Ante-
rior segment inflammation can cause early fail-
ure of trabeculectomies and also severe compli-
cations of fibrosis surrounding anteriorly
placed tubes of GDDs [3]. Placement of the GDD
in the posterior segment through the pars plana
can avoid these severe complications. Excellent
cleanup of the peripheral vitreous and posteri-
or cortical vitreous is necessary to prevent aspi-
ration of vitreous with possible retinal compli-
cations.

17.3.14
Posterior Hyaloid Attachment

Attached posterior hyaloid can create surgical
difficulties as it may not be fully peelable, for ex-
ample in children with predominantly anterior
uveitis. If the hyaloid is peeled and elevated, the
risk of retinal detachment is increased. Status of
the posterior hyaloid and the completeness of
its removal should be included in the operative
notes.

17.3.2
Concomitant Medical Management

17.3.2.1
Perioperative Inmunosuppression

No valid data exist that demonstrate that peri-
operative control of inflammation reduces the
risk of postoperative complications from PPV
such as the development of hypotony or CME.
Extrapolation from cataract surgery in uveitis
patients suggests that surgical results in pa-
tients undergoing elective PPV may be better if
the inflammation is well controlled. Immuno-
suppressive treatment seemed to permit safe in-
traocular lens (IOL) implantation in selected
JIA-uveitis children (five patients) [4], a disor-
der in which IOLs are ordinarily contraindicat-
ed. However, profound foreign body reactions
around implanted materials are generally not
primary concerns in PPV surgery.

A more potent argument for the preoperative
use of immunosuppression relates to current
understanding of uveitic mechanisms. In au-
toimmune uveitis, antigen-specific T cells are
thought to play a crucial role in orchestrating
the infiltration of large numbers of non-anti-
gen-specific leucocytes into the vitreous. The
antigen-specific T cells are activated in extraoc-
ular lymph nodes and spleen and secondarily
invade the eye. Therefore, from an immunolog-
ical point of view, PPV can remove existing vit-
reous cells but cannot obliterate the inflamma-
tory response. The value of PPV as an early
approach to alter the subsequent course of
uveitis is not known. If patients are not ade-
quately immunosuppressed, the inflammatory
activity of uveitis will continue after PPV with
the risk of postoperative complications such as
CME. The definition of adequate immunosup-
pression is controversial. Moderate doses of oral
corticosteroids or treatment with one corticos-
teroid-sparing drug such as methotrexate cy-
closporine or mycophenolate mofetil for
3months prior to PPV would be predicted to
control inflammation in most patients. Despite
these theoretical advantages of preoperative im-
munosuppression, in seven case series that doc-
umented medications prior to PPV for uveitis,
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Patient with cloudy vitreous due to
intraocular inflammation

Is inflammation active
{cells in the vitreous)?

Does the patient have
CME?

Rule out effectivity of adequate immunosuppresion {course

corticosteroid- sparing drug like methotrexate, consideration

of corticosteroids of at least 3 months, use of at least one

of regional corticosteroid injections)

Does the patient have
active retinal vasculitis?

Is the inflammation
unresponsive to adequate
immunosuppression?

Do PPV for diagnostic
purposes {rule out
intraocular lymphoma)

Fig.17.1. An algorithm approach for decision making for PPV in uveitis

immunosuppressive medications were used in a
median of only 26 % of cases (range 10-100 %)
[5-12]. Figure1y.1 gives an algorithm approach
for the use of immunosuppression during PPV
in uveitis.

It is unknown if PPV facilitates postoperative
control of inflammation by immunosuppressive
drugs, perhaps by removing a depot of activat-
ed lymphocytes and cytokines, making it easier

for the drugs to work, or by increasing penetra-
tion of the drugs into the eye.

17.3.2.2
Intravitreal Corticosteroids

Intravitreal injection of dexamethasone is com-
monly performed in treatment of severe in-
traocular inflammation related to bacterial en-
dophthalmitis, although its usefulness has been
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debated [13]. Use in PPV in uveitis has been lim-
ited. Expanding indications for intravitreal tri-
amcinolone acetonide in the treatment of CME
suggest that it may be useful both to reduce
postoperative inflammation in uveitis and to
treat residual CME after medical therapy. In-
travitreal triamcinolone acetonide has been
suggested as an adjunct to vitreoretinal surgery
in which it is used to define tissue planes for
easy removal [14] and may have applicability for
PPV for uveitis as well [15].

Although randomized studies are still lack-
ing, clinical experience indicates that macular
oedema usually resolves, often with dramatic
improvements in vision, within 4-6 weeks of
injection. Cataract development and pressure
elevations, which usually respond to medical
therapy, may occur. Finally, injection of the
commercial preparation has been associated
with a sterile endophthalmitis, which could
markedly confuse the postoperative picture. Al-
though intravitreal triamcinolone appears to be
capable of providing rapid improvement in vi-
sion, its use should be limited to selected cases
until more is known about its effect in uveitis
patients undergoing PPV.

17.4
Combined Surgery

17.4.1
Cataract Surgery

17.4.1.1
General Consideration

Cataract formation is one of the most common
complications of uveitis, occurring in 50% of
patients.

17.4.1.2
Indications and Contraindications

The major indications for cataract surgery are
to remove visually significant opacities or to
permit adequate visualization of the fundus for
clinical monitoring of disease or during vitre-
ous or macular surgery. The surgery is con-
traindicated in acute, active inflammation, and

in young children with mild cataract and intact
accommodation, especially in the amblyogenic

age group.

17.4.1.3
Surgical Procedures

Various surgical techniques have been suggest-
ed for uveitis patients with cataract. These in-
clude lensectomy and extracapsular cataract
extraction (or phacoemulsification) with or
without the implantation of an IOL. Timing of
surgery is critical, as complete quiescence of
inflammation must be obtained preoperatively
by appropriate anti-inflammatory medication,
which is then continued after surgery. The aeti-
ology of uveitis, morphological situation and
coexistent complications dictate the periopera-
tive medical regimen and the surgical tech-
nique.

Cataract extraction in uveitis patients, espe-
cially in children, is commonly followed by
secondary cataract formation and by severe in-
flammation, which often leads to the develop-
ment of pupillary membranes, vitreous opaci-
ties, macular oedema, and ocular hypotony.
Excision of the posterior capsule and anterior
vitrectomy from an anterior approach may
satisfactorily address these concerns in non-
uveitic eyes [16], but more severely affected eyes
are probably better managed by pars plana
lensectomy and vitrectomy. Combined PPV and
pars plana lensectomy in chronically inflamed
eyes were shown to be effective in improving vi-
sual acuity 25 years ago [17]. Lensectomy com-
bined with pars plana vitrectomy is probably
still the preferred surgical technique in most
patients with juvenile idiopathic arthritis and
iridocyclitis [18] although there are recent re-
ports of successful IOL implantation in small
numbers of selected patients.

Combined phacoemulsification and PPV
may be appropriate in cases in which inflamma-
tion can be controlled with medical treatment,
or after remission of active uveitis. Combined
phacoemulsification and vitrectomy is now
practised commonly when both cataract and
vitreoretinal diseases are present [19]. This ap-
proach is advantageous in improving visualiza-
tion of the posterior pole, preventing the rapid
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progression of cataract after PPV, and avoiding
the need for a second operation to remove the
cataract, with an increased complication rate
and delayed visual rehabilitation [20]. The ap-
plicability to patients with uveitis is uncertain.
Combined surgery would be predicted to pro-
duce higher degrees of anterior chamber in-
flammation and CME than a two-step approach.
Individualized case selection is particularly im-
portant when intensive manipulation of the an-
terior segment is anticipated, and in patients
with continued higher grades of activity.

17.4.2
Membrane Peeling

17.4.2.1
General Consideration

Removal of macular epiretinal membranes is a
standard indication for PPV in non-uveitis pa-
tients, with or without CME. Removal of uveitis-
related membranes would be predicted to pro-
vide similar benefits as are seen in other
patients, provided that membrane formation
has been associated with a significant visual
acuity drop [21].

17.4.2.2
Indications and Contraindications

Formation of epiretinal membranes is common
in uveitis but does not always lead to a signifi-
cant decrease in visual acuity. Some membranes
do not directly affect the foveal zone and central
involvement should be confirmed by OCT or
biomicroscopy. If surgery is indicated, with
metamorphosia being the primary indicator,
the inflammation should be well controlled.

17.4.2.3
Surgical Procedure

In the perioperative period, systemic immuno-
suppression is increased, often in the form of in-
creased systemic steroids. Periocular steroids
are often given at the time of surgery. Systemic
corticosteroids are rapidly diminished after
surgery, based on the ocular response. The sur-

gical procedure is identical to pucker surgery in
other settings.

17.4.3
Cryotherapy

17.4.3.1
General Considerations

Cryocoagulation can have either an adjunctive
role in retinal reattachment surgery or a thera-
peutic role in treating uveitis. It causes a fairly in-
tense inflammatory response, which is easily rec-
ognized by an increase in anterior chamber flare
and which often lasts 3—4 days, and may lead to
significant uveal effusion and epi- and subretinal
membrane formation. For this reason, laser
should be substituted for cryotherapy whenever
possible, either by a transpupillary delivery sys-
tem or a transscleral diode infrared laser.

17.4.3.2
Indications and Surgical Technique

When cryocoagulation is used to provide chori-
oretinal adhesion around retinal tears in uveitis
patients, a light retinal freeze, possibly with sev-
eral adjacent applications to cover the edges of
the tear, is superior to a large central iceball.

Cryocoagulation is also used therapeutically
to treat pars plana exudation associated with ac-
tive, visually significant intermediate uveitis that
is unresponsive to medical treatment. It is also in-
dicated for neovascularization of pars plana exu-
dates that is complicated by vitreous haemor-
rhage. Here also, minimal treatment is best. Laser
can also be applied to the snow banks, if they are
not too large, often in repeated sessions to reduce
the risk of traction on the peripheral retina.

17.4.4
Diagnostic PPV

17.4.4.1
General consideration

Recent developments in molecular biology al-
low novel diagnostic approaches in intraocular
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inflammation. Genetic markers as well as spe-
cies-specific sequences are used for the diagno-
sis of infection or masquerade syndromes.

An established collaboration with a microbi-
ology department to test for infectious agents in
vitreous fluid as well as an immediate transfer
of vitreous cells to a pathology department to
prevent rapid autolysis of the cells are prerequi-
sites for diagnostic vitrectomy and should only
be done in specialized centres.

Besides classical culture techniques, detec-
tion of antibody titres and DNA by polymerase
chain reaction (PCR) has revolutionized the
possibilities of diagnostic PPV. Additionally,
cytological determination of cell surface mark-
ers and cytokine levels adds valuable infor-
mation to the diagnostics of intraocular lym-
phoma.

With modern diagnostic tests like enzyme-
linked-immunosorbent (ELISA) or radial im-
munodiffusion assays (RIA), antibodies against
Toxoplasma gondii, Toxocara canis, herpes
simplex virus, varizella zoster virus, cytomega-
lovirus and Epstein-Barr virus can be deter-
mined quantitatively. The Goldmann-Wittmer
coefficient compares the antibody level from
the serum with the vitreous and can be used to
detect intraocular antibody production.

PCR is a highly sensitive method for the de-
tection of DNA from small samples sizes. How-
ever, the limits and possibilities of this tech-
nique have to be carefully considered. Positive
results have to be weighed against the risk of
false-positive results. Therefore, the results have
to be seen in the clinical context of the sensitiv-
ity and specificity of a particular test in a partic-
ular laboratory. Also, the results have to be seen
as a simple “on/off” result; this means that the
clinician has to decide if the DNA is “old/new”,
“live/dead” or “active/inactive”.

17.4.4.2
Indications and Contraindications

Diagnostic PPV is usually performed in uveitis
with an atypical course, for example, if standard
immunosuppressive therapy does not produce
the expected outcome. The intent is to exclude
infectious aetiology or masquerade syndromes
such as intraocular lymphoma.

Because of cost, diagnostic PPV is con-
traindicated if there is no possibility of reaching
a diagnosis with available testing. However, re-
search involving assays of vitreous specimens
from uveitis patients would be of great scientif-
ic interest.

17.5
Postoperative Complications

17.5.1
Hypotony

Hypotony following surgery in uveitic eyes is
felt to relate to shutdown of the aqueous hu-
mour production from acute, severe inflamma-
tion. Following PPV there are additional con-
cerns about the possibility of wound leakage or
retinal detachment, both of which should be
excluded.

Hypotony usually responds to oral corticos-
teroids, very frequent applications of topical
corticosteroids and corticosteroid injections i.v.
or even i.o. Prolonged hypotony can occur in
certain eyes with a poor preoperative prognosis.
High-resolution scanning of the ciliary body re-
gion may be useful to detect membranes bridg-
ing the ciliary processes that might be amenable
to removal. In practical terms, only non-contact
ultrasound probes can be used, as contact with
a hypotonous globe collapses it and distorts the
anatomy.

Assessment of atrophic ciliary processes and
the presence of any cyclitic membranes at the
time of the initial PPV, using indirect ophthal-
moscopy and deep scleral depression, is very
useful in assessing postoperative hypotony. Due
to the limited visualization of cyclitic mem-
branes under clinical circumstances, UBM may
be the preferred technique. However, the mor-
phological abnormalities underlying hypotony
may not be clearly distinguished in all patients.

17.5.2
Retinal Detachment

Retinal detachment is a severe complication in
uveitic eyes since the intraocular inflammation
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would be predicted to produce more epiretinal
membrane formation and a worse prognosis.
Causes of retinal detachment that are specific to
uveitis patients include instrument passage
through pars plana exudates, contracture of
pars plana exudates and tractional detachment,
and retinal breaks at the edge of chorioretinitis.

Replacement of vitreous fluid with air, gas or
silicone oil may be required because of prior
PPV, but may worsen the situation because of
concentration of inflammatory mediators and
cells in the residual fluid phase. This may lead to
epiretinal membrane formation that jeopardiz-
es the retinal reattachment.

17.6
PPV in Specific Diseases

17.6.1
Fuchs Uveitis Syndrome

Two articles report PPV for Fuchs uveitis [22,
23]. All 25 operated eyes (100%) had an im-
provement in vision with complications limited
to one postoperative hyphaema. The risk:bene-
fit ratio for PPV with patients with Fuchs uveitis
seems similar to that for cataract surgery, which
is generally well tolerated [24-26].

17.5.3
Vitreous Haemorrhage

Vitreous haemorrhage is relatively common fol-
lowing PPV of all types, presumably from ooz-
ing from the sclerotomies. Blood generally
clears from a vitrectomized eye within 1 month.
Neovascularization or retinal tear formation
should be kept in mind as possible complica-
tions leading to vitreous haemorrhage that
require treatment.

17.5.4
Uveitis Recurrence

Recurrence of uveitis following PPV can occur.
Transient increases in inflammation immedi-
ately after surgery are generally easily treated
with oral corticosteroids. Because the vitreous
gel is absent, vitreous cells are sparser and affect
vision less. In the absence of vitreous cellular re-
action, there may be a false sense that the in-
flammation is entirely under control. Another
marker for disease activity should be used for
monitoring, which could include anterior seg-
ment inflammation, visible posterior segment
lesions, visual field or ERG as a measure of reti-
nal function, or macular oedema.

17.6.2
Behget’s Disease

Behget’s disease accounts for about one-fourth
of patients in case series of PPV for uveitis in
which systemic associations are documented
[27-29]. The number is skewed by a large series
of uveitis patients published by a group in
France with a special interest in Behget’s disease
[28]. No detailed results of surgery were report-
ed by that group. A report of three patients with
Behget’s disease undergoing PPV [29] conclud-
ed that PPV is of no benefit for this subgroup of
uveitis patients due to a high rate of complica-
tions.

17.6.3
Intermediate Uveitis

Most patients (46 %) in the published literature
are classified as intermediate uveitis. There are
five reports specifically focused on PPV for in-
termediate uveitis [8, 11, 28, 30, 31, 32]. Most au-
thors support PPV in patients with intermedi-
ate uveitis, especially if systemic corticosteroids
have failed to control inflammation preopera-
tively. PPV may reduce CME in these patients [8,
11].
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17.6.4
Childhood Uveitis

Three case series report the outcome of PPV in
young uveitis patients [31, 33, 34]. Other case
series include small groups of children with
idiopathic anterior, intermediate, posterior, or
panuveitis. A minority of reported cases have
associated systemic diseases, such as sarcoid,
juvenile idiopathic arthritis [18], or Behget’s dis-
ease.

The principal indication for vitrectomy in
children is intermediate uveitis. The value of
PPV as compared to immunosuppression in
children with intermediate uveitis is not well
defined. PPV may be favoured to avoid the un-
toward side effects of systemic corticosteroids
or immunosuppression. However, PPV may en-
gender surgical complications, including subse-
quent cataract formation.

Combined pars plana lensectomy and vitrec-
tomy has been proposed for the treatment of
complicated cataract in children with uveitis
[18].

17.6.5
Infectious Uveitis

17.6.5.1
Toxoplasmosis

PPV for toxoplasmic chorioretinitis is used in
three settings. First, diagnostic PPV is useful in
severe, atypical cases without classic manifesta-
tions of a chorioretinal inflammatory focus
adjacent to a pigmented scar. PCR to amplify
toxoplasmosis genome and local antibody pro-
duction are useful in making the diagnosis. Cul-
ture of toxoplasmosis organisms from vitreous
has also been reported [35]. Second, PPV can re-
lieve vitreous traction at the edge of chorioreti-
nal lesions. This is particularly helpful following
intense inflammatory reactions, when vitreous
condensation leads to transvitreous tractional
membranes. Third, PPV will often be required
in order to properly manage retinal detach-
ments related to toxoplasmosis. Selection of the
exact surgical procedure depends on the degree

of residual inflammation, if any. If the eye is in-
flamed, an aggressive approach with long-term
tamponade such as silicone oil will often be
needed. Avoidance of cryotherapy may help re-
duce postoperative inflammation.

Prophylactic antibiotics active against toxo-
plasmosis are probably advisable in the periop-
erative period of any ocular surgery to reduce
the risk of recurrent disease.

17.6.5.2
Toxocariasis

Pars plana vitrectomy may help in establishing
a diagnosis through intraocular antibody deter-
minations. More commonly, PPV is used to re-
lieve vitreous traction, either from peripheral
lesions, or from paramacular lesions that are
distorting the retina. Rarely, an active toxocaral
organism may be removed from the subretinal
space, thereby avoiding the inflammatory re-
sponse which occurs following the organism’s
death, and is the cause of much of the ocular
pathology observed in this condition [36].

17.6.5.3
Cytomegalovirus Retinitis

PPV is mainly indicated in the management of
retinal detachments [37]. These can occur with-
in the area affected by the CMV virus, or in an
area of intact retina. If the area of detachment is
located in, or adjacent to, the CMV retinitis, a
pars plana vitrectomy removing all traction to
the area with CMV as well as other holes is rec-
ommended. Silicone oil is usually selected as the
intraocular tamponade, especially when CMV
progression is to be expected because of the
lack of response to highly active antiretroviral
agents. An encircling band may help in the re-
pair of inferior detachments or when the vitre-
ous base cannot be adequately dissected. Cases
with limited disease may respond well to short-
term gas tamponade without the side effects as-
sociated with the use of oil [38].
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17.6.5.4
Necrotizing Herpetic Retinitis

Pars plana vitrectomy can be helpful in remov-
ing the massive vitreous condensations that of-
ten accompany this infection. It is also required
to repair retinal detachment, which often ap-
pears as the infection subsides, particularly in
those cases that were not prophylactically
lasered along the leading edge of the necrotic
retina. The surgical approach will depend on
the extent of necrosis and the area of detach-
ment. A laser barrier should be placed in healthy
retina. While a buckle is usually not required,
silicone oil is often used initially. Postoperative
reproliferation of epiretinal membranes is com-
mon [39].

17.6.5.5
CME

CME refractory to medical therapy may be a rel-
ative indication for PPV, especially when anoth-
er vitreoretinal complication exists. It is contro-
versial whether PPV improves CME. PPV could
theoretically reduce CME by eliminating macu-
lar contact with the inflamed vitreous gel or by
allowing better tissue penetration of medica-
tions. Since PPV may also be complicated by
postoperative CME, adequate immunosuppres-
sive treatment prior to PPV may help reduce the
risk of late CME.

Chronic CME probably causes secondary
changes to the photoreceptors. An increased
size of the foveal avascular zone in fluorescein
angiography should alert the clinician that the
chance of an increase in visual acuity after PPV
is probably minimal. However, an accepted indi-
cation for PPV in CME is the presence of vitre-
ous traction to the macula, which can be
demonstrated by optical coherence tomography
(OCT).

Summary for the Clinician
Indications for PPV in Uveitis

Accepted Indications

e Urgent indications
- Rhegmatogenous retinal detachment
- Phacolytic uveitis

o Elective indications

- Visually significant vitreous opacities
despite adequate treatment with cor-
ticosteroids or immunosuppressive
therapy

- Vitreomacular traction associated with
macular oedema

- Non-clearing vitreous haemorrhage

- Visually significant epiretinal mem-
branes

- In combination with other ocular pro-
cedures: pars plana lensectomy, place-
ment of GDD

- For diagnosis of infections or intra-
ocular lymphoma

Relative or Controversial Indications

o Alternative to immunosuppressive or corti-
costeroid therapy
CME unresponsive to medical treatment
Hypotony due to cyclitic membrane

e Combined with extracapsular cataract
surgery and intraocular lens implantation

e Removal of chronic vitreous opacities with
mild to moderate decrease in vision

Contraindications to PPV

¢ Epiretinal membrane not causing decreased

visual acuity

Chronic CME with damaged photoreceptors

Stable traction detachments

Inflammatory choroidal effusion

Exudative retinal detachments

Anterior uveitis or posterior uveitis without

significant vitreous inflammation

e Acute active uveitis, as PPV may be followed
by severe postoperative inflammation

e Suspected retinoblastoma masquerading as
uveitis

e o o o o



References

283

References

10.

11.

12.

13.

14.

15.

Becker MD, Harsch N, Zierhut M, et al. (2003)
Therapeutic vitrectomy in uveitis. Ophthal-
mologe 10:787-795

Fujii GY, De Juan E Jr, Humayun MS, et al. (2002)
A new 25-gauge instrument system for transcon-
junctival sutureless vitrectomy surgery. Ophthal-
mology 10:1807-1812

Sheppard JD, Shrum KR (1995) Pars plana
Molteno implantation in complicated inflamma-
tory glaucoma. Ophthalmic Surg 3:218-222

Lam LA, Lowder CY, Baerveldt G, et al. (2003) Sur-
gical management of cataracts in children with
juvenile rheumatoid arthritis-associated uveitis.
Am J Ophthalmol 6:772-778

Heiligenhaus A, Bornfeld N, Foerster M, et al.
(1994) Long-term results of pars plana vitrecto-
my in the management of complicated uveitis. Br
J Ophthalmol 7:549-554

Leuenberger P (1984) Linteret de la vitrectomie
dans le traitement des uveites posterieures. Klin
Monatsbl Augenheilkd 5:445-448

Sikic J, Suic S (2001) Surgical treatment of uveitis.
Coll Antropol 71-76

Stavrou P, Baltatzis S, Letko E, et al. (2001) Pars
plana vitrectomy in patients with intermediate
uveitis. Ocul Immunol Inflamm 3:141-151
Thumann G, Bartz-Schmidt K, Esser P, et al.
(1997) Vitrektomie in der Behandlung von Augen
mit komplizierter Uveitis. Klin Monatsbl Augen-
heilkd 4:241-244

Verbraeken H (1996) Pars plana lensectomy in
cases of cataract with juvenile chronic uveitis.
Graefes Arch Clin Exp Ophthalmol 10:618-622
Wiechens B, Nolle B, Reichelt J (2001) Pars-plana
vitrectomy in cystoid macular edema associated
with intermediate uveitis. Graefes Arch Clin Exp
Ophthalmol 7:474-481

Wiechens B, Reichelt J, Urbat C, et al. (2003) Pars-
plana-Vitrektomie bei zystoidem Makuladdem
bei verschiedenen Formen der chronischen
Uveitis. Ophthalmologe 1:33-43

Shah GK, Stein JD, Sharma S, et al. (2000) Visual
outcomes following the use of intravitreal
steroids in the treatment of postoperative en-
dophthalmitis. Ophthalmology 3:486-489

Enaida H, Hata Y, Ueno A, et al. (2003) Possible
benefits of triamcinolone-assisted pars plana vit-
rectomy for retinal diseases. Retina 6:764-770
Sonoda K, Enaida H, Ueno A, et al. (2003) Pars
plana vitrectomy assisted by triamcinolone ace-
tonide for refractory uveitis: a case series study
[In Process Citation]. Br J Ophthalmol 8:1010-
1014

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ram J, Brar GS, Kaushik S, et al. (2003) Role of
posterior capsulotomy with vitrectomy and in-
traocular lens design and material in reducing
posterior capsule opacification after pediatric
cataract surgery. ] Cataract Refract Surg 8:1579-
1584

Diamond J, Kaplan H (1978) Lensectomy and vit-
rectomy for complicated cataract secondary to
uveitis. Arch Ophthalmol 10:1798-1804

Flynn H, Davis J, Culbertson W (1988) Pars
plana lensectomy and vitrectomy for complicated
cataracts in juvenile rheumatoid arthritis. Oph-
thalmology 8:1114-1119

Lahey JM, Francis RR, Kearney JJ (2003) Combin-
ing phacoemulsification with pars plana vitrecto-
my in patients with proliferative diabetic retino-
pathy: a series of 223 cases. Ophthalmology 7:
1335-1339

Koenig SB, Han DP, Mieler WE, et al. (1990) Com-
bined phacoemulsification and pars plana vitrec-
tomy. Arch Ophthalmol 3:362-364

Dev S, Mieler W, Pulido J, et al. (1999) Visual out-
comes after pars plana vitrectomy for epiretinal
membranes associated with pars planitis. Oph-
thalmology 6:1086-1090

Scott R, Sullivan P, Aylward G, et al. (2001) The ef-
fect of pars plana vitrectomy in the management
of Fuchs heterochromic cyclitis. Retina 4:312-316
Waters F, Goodall K, Jones N, et al. (2000) Vitrec-
tomy for vitreous opacification in Fuchs’ hete-
rochromic uveitis. Eye 2:216-218

Avramides S, Sakkias G, Traianidis P (1997)
Cataract surgery in Fuchs’ heterochromic irido-
cyclitis. Eur ] Ophthalmol 2:149-151

Daus W, Schmidbauer ], Buschendorff P, et al.
(1992) Results of extracapsular cataract extrac-
tion with intraocular lens implantation in eyes
with uveitis and Fuchs’ heterochromic iridocycli-
tis. Ger ] Ophthalmol 6:399-402

Jones NP (1996) Cataract surgery in Fuchs’
heterochromic uveitis: past, present, and future.
J Cataract Refract Surg 2:261-268

Limon S, Boscher C, Abenhaim A, et al. (1985) In-
teret de la vitrectomie precoce au cours de la mal-
adie de behcet compliquee de hyalite, a propos de
20 cas. Bull Soc Ophtalmol Fr 3:363-365

Limon S, Renard J, Waligora G, et al. (1989) Interet
de la vitrectomie dans les uveites intermediaires
et la maladie de Behcet avec hyalite. Ophtalmolo-
gie 3:206-208

Ozdemir O, Erkam N, Bakkaloglu A (1988) Results
of pars plana vitrectomy in Behcet’s disease. Ann
Ophthalmol 1:35-38

Eckardt C, Bacskulin A (1992) Vitrectomy in in-
termediate uveitis. Dev Ophthalmol 23:232-238



284

CHAPTER 17 Vitrectomy in Uveitis

31.

32.

33-

34.

35.

Kroll P, Romstock F, Grenzebach U, et al. (1995)
Friithvitrektomie bei endogener juveniler Uveitis
intermedia - eine Langzeitstudie. Klin Monatsbl
Augenheilkd 4:246-249

Schonfeld C, Weissschadel S, Heidenkummer H,
et al. (1995) Vitreoretinal surgery in intermediate
uveitis. Ger ] Ophthalmol 1:37-42

Bacskulin A, Eckardt C (1993) Ergebnisse der Pars
plana-Vitrektomie bei chronischer Uveitis im
Kindesalter. Ophthalmologe 5:434-439

Ulbig M, Kampik A (1989) Pars plana-Vitrek-
tomie bei chronischer Uveitis des Kindes. Klin
Monatsbl Augenheilkd 1:10-12

Miller D, Davis J, Rosa R, et al. (2000) Utility of
tissue culture for detection of Toxoplasma gondii
in vitreous humor of patients diagnosed with
toxoplasmic retinochoroiditis. J Clin Microbiol
10:3840-3842

36.

37-

38.

39.

Belmont J,Irvine A, Benson W, et al. (1982) Vitrec-
tomy in ocular toxocariasis. Arch Ophthalmol
12:1912-1915

Davis JL (1999) Management of CMV retinal de-
tachments in the new era of antiretroviral thera-
py- Ocul Immunol Inflamm 3-4:205-213

Canzano JC, Morse LS, Wendel RT (1999) Surgical
repair of cytomegalovirus-related retinal detach-
ment without silicone oil in patients with AIDS.
Retina 4:274-280

Ahmadieh H, Soheilian M, Azarmina M, et al.
(2003) Surgical management of retinal detach-
ment secondary to acute retinal necrosis: clinical
features, surgical techniques, and long-term re-
sults. Jpn ] Ophthalmol 5:484-491



Subject Index

A

AAOR (acute annular outer retinopathy) 224

ABO matching 41

ACAID (anterior chamber associated
immune privilege) 84

Accessory lacrimal gland see lacrimal gland

ACE (Angiotensin converting enzyme) 244

Acetylcholine (M,) receptor 14

ACP (anterior chamber paracentesis) 151

Acute annular outer retinopathy see AAOR

Acute idiopathic blind spot enlargement see AIBSE

Acute macular neuroretinopathy see AMN

Acute multifocal ischaemic choroidopathy see AMIC

Acute rejection 39

Acute retinal necrosis see ARN

Acute zonal occult outer retinopathy see AZOOR

Acyclovir 144

Adalimumab 194

Adhesion molecules 3

Afferentarm 85

AIBSE (Acute idiopathic blind spot enlargement)
216

AIDS 148

AKC (atopic keratoconjunctivitis) 2

Allergic rhinoconjunctivitis 5

Allergy 1

Allograft rejection 35

Alopecia 120

Alpha-fodrin 77

AMIC (acute multifocal ischaemic
choroidopathy) 21

AMN (Acute macular neuroretinopathy) 225

Amniotic membrane transplant 32

Androgen 14

Angiographic procedure 206

Angiotensin converting enzyme see ACE

Ankyloblepharon 27

Ankylosing spondylitis 53

Anterior chamber associated immune privilege
see ACAID

Anterior chamber paracentesis see ACP

Anterior scleritis 52

- diffuse 52

- necrotizing 52

- nodular 52
- non-necrotizing 52

Anterior synechiae see synechiae

Anterior uveitis see uveitis
Antidepressant 15
Antiemetics 15

Antigen presentation 86
- direct 86

- indirect 86
Antigen-presenting cells 40
Antihistamine 15
Antilymphocyte serum 45

Antineutrophil cytoplasmic antibody

(classic and perinuclear)

63

Antinuclear antibody 63,128

Antispasmotics 15
APMPPE 92

Apoptosis 16,18
Aqueous humor 38
ARN (acute retinal necrosis)
Arthritis 185

Arthus reaction 55
Artificial tear solution 21

92,100,147

Atopic keratoconjunctivitis see AKC

Autoantibodies 26
Autoantigen 77,127
Azathioprine 30

AZOOR (acute zonal occult outer

retinopathy) 210

B

Band keratopathy 129
Behget’s disease 53,130
- incidence 173

Bejel 248
Beta-fodrin 77
Biologic agents 136

Birdshot retinochoroidopathy 91

Blau syndrome 93
Blepharitis 27
Blockage 205
Blood-eye barrier 38
Bolus steroid 42
Bone-marrow-derived cells

39



286

Subject Index

Bronchoalveolar lavage 244
Budd-Chiari syndrome 186

C

Calcineurin inhibitor 261

Calcitonin gene-related peptide see CGRP
CALT (conjunctiva-associated lymphoid tissue) 72
Candidiasis 250

Capsid 143

Cataract 61

Cataracta complicata 129

CCR3 (chemokine receptor-3) 3

CCTS (Collaborative Corneal Transplantation
Trial) 41

CDua 19

CD,, 19

CD,,CD,,, (helper-inducer)T-cell 182
CD,,CD,RA+ (helper-inducer)T-cell 182
CD,, cells 38

CD95L 39

CGRP (calcitonin gene-related peptide) 17
Chemokine receptor-3 see CCR3
Chemokines 2,3,82

Chemotaxis 18

Chest X-ray 244

Children with JCA 130

Chlorambucil 260

Choriocapillaris 204

- non-perfusion 212

Choroidal detachment 60

Choroidal fold 60

Choroidal melanoma 102

Choroidal pneumocystosis 250
Choroiditis 202

Chromosome 6 93

Chymase 82

CICs (circulating immune complexes) 119
Cidofovir 153

Circulating immune complexes see CICs
CMV (cytomegalovirus) 141,142,143
Coccidioidomycosis 250

Cogan’s syndrome 53

Colchicine 192

Collaborative Corneal Transplantation Trial
see CCTS

Complement cascade 55

Complement level 63

Conjunctiva 12

Conjunctiva-associated lymphoid tissue see CALT
Conjunctival shrinkage 26

Cornea 12

Corneal graft survival, long-term dataon 37
Corneal sensation 15

Corneal transplantation 35,37

- prognostic indicators 37

- tissue matching 41

Corneal ulcer 100

Corticosteroid 134
Cortisol 14
Co-stimulatory molecules 40
C-reactive protein 63
Cryocoagulation 278
CsA (cyclosporine A) 135
CT 63

Cushing’s syndrome 63
Cyclophosphamide 31
Cyclosporine A (CsA) 135
Cytokines 128
Cytomegalovirus see CMV

D

Daclizumab 31

Dalen-Fuchs nodule 239

Dapsone 30

Depression 193

Diabetes mellitus 15

Diabetic retinopathy 102

Diagnostic PPV 278
Diaminodiphenylsulfone (Dapsone) 30
Distichiasis 27

DNA gene rearrangement studies 274
DQB1 100

DR4 100

Draining lymph node 40
Drug-induced pemphigoid 26
Dryeye 11,21

- therapies 21

DTH response 40

E

EALT (Eye-associated lymphoid tissue) 67

EAPU (experimental autoimmune pigment
epithelial membrane protein-induced
uveitis) 117

EAU (Experimental autoimmune uveitis) 110

EBV (Epstein-Barr virus) 141,143

ECP (EOS cationic protein) 3

EDN (EOS-derived neurotoxin) 3

Efferent arm 85

EIU (endotoxin-induced uveitis) 116

Electrophysiology 190

ELISA 152

EMIU (experimental melanin-protein-induced
uveitis) 116

Endothelial nitric oxide synthase see eNOS

Endothelium, transfection of 45

Endotoxin-induced uveitis see EIU

eNOS (endothelial nitric oxide synthase) 183

Entropion 31

Envelope 143

Environmental factor 22

EOS cationic protein see ECP

EOS peroxidase see EPO

EOS-derived neurotoxin see EDN



Subject Index

287

Eosinophils 1

Epilation 32

Epiligrin 26

Epiretinal membrane 168,275

- formation 60

Episcleritis 57

Epithelium as intraepithelial lymphocytes see IEL

EPO (EOS peroxidase) 3

Epstein-Barr virus see EBV

Erythema nodosum 185

E-selectin 73

Etanercept 135

EULAR (European League against Rheumatism)
126

European League against rheumatism see EULAR

Experimental autoimmune pigment epithelial
membrane protein-induced uveitis see EAPU

Experimental autoimmune uveitis see EAU

Experimental melanin-protein-induced uveitis
see EMIU

Extracellular matrix 6

Eye-associated lymphoid tissue see EALT

Eyelid blinking 15

F

Fluorescein angiographic sign = 212

Factor V Leiden 101,184

Fas ligand (CD9s5L) 39

FGE(fibroblast growth factor)-b 3

Fibrinoid necrosis 55

Fibroblast growth factor see FGF

Filamentary keratitis 20

FK506 43

Flow cytometry 274

Fluorescein angiogram 165

Fluorescein angiography 62,216

Fluorescein dye staining 20

Fluorescent treponemal antibody absorption
see FTA-ABS

Fomivirsen 155

Fornix reconstruction 32

Foscarnet 155

Free radical 13

FTA-ABS (fluorescent treponemal antibody
absorption) 248

Fuchs heterochromic cyclitis 142

Fungal culture 274

G

Gamma delta T cells 96
G protein 14

Gallium scintigraphy 244
Ganciclovir implant 168
Gene therapy 45

Genetic factor 127
Genetic marker 91
Genital ulceration 185

Giant cell arteritis 53,100

Giant papillae 2,5

Giant papillary conjunctivitis see GPC

Glaucoma 102

- secondary 129

Glucose-6-phosphate dehydrogenase 30

Glycocalyx 13

GM-CSF (Granulocyte/monocyte-colony
forming factor) 3

Goblet cell density 20

Gout 54

GPC (giant papillary conjunctivitis) 81

Graft-versus-host disease 16

Granulocyte/monocyte-colony forming factor
see GM-CSF

Graves’ disease 93,101

H

HAART (highly active antiretroviral therapy) 148
Heat shock protein see HSP

Hemiparesis 186

Herpes simplex virus see HSV

Herpes virus see HHV

Herpes zoster ophthalmicus 15

Herpetic keratitis 40

HEV (high endothelial venules) 68

HHYV (Herpes virus) 7,143

HHV-7 (Herpes virus 7) 143

HHV-8 142,143

High affinity IgE receptor 84

High endothelial venules see HEV

Highly active antiretroviral therapy see HAART
Histamine 3

Histocompatibility matching 36

HLA nomenclature 94

HLA-A29 091
HLA-B27 91,129
HLA-Bs1 97

HLA-Bw44 100
HLA-Bwé62 100
HLA-DQ3 100
HLA-DR1 positive 100
HLA-DR5 99
HLA-DRg9 100
HLA-DR17 100
HLA-DRB*

1 0301

101
HLA-DRB*,, 100

HLA-DRB *,s 101

HML-1 (Human mucosa lymphocyte antigen) 70
HSP (heat shock protein) 119,127

- 60-kDa 119

HSV coat protein 100

HSV type1 143

HSV type2 143

HTLV 101

Human mucosa lymphocyte antigen see HML-1
Hyperhomocyteinaemia 186
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Hypersensitivity, type I 1 J
Hyphema 146 ] segment gene 182
Hypopion 146,188 JCA (juvenile chronic arthritis) 125
- children with 130

I - ocular screeningin 136
ICAM-1 (intercellular adhesion molecule-1)  4,73,115  JRA (juvenile rheumatoid arthritis) 125,126
ICE (irido-corneo-endothelial syndrome) 150 JRA uveitis 92
ICGA (indocyanine green angiography) 62 Juvenile chronic arthritis see JCA
- interpretation 204 Juvenile rheumatoid arthritis see JRA
IEL (Epithelium as intraepithelial lymphocytes) 69
IFN-gamma 3
IL-1 receptor antagonist see IL-1ra Kaposi’s sarcoma (KSHV) 143
IL-3 3 Keratic precipitate 188
IL-4 1,3 Keratinisation 26
IL-5 1,3 Keratoconjunctivitis sicca 11
IL-6 3 Keratoconus 35
IL-8 3,82 Keratoprosthesis 33
IL-10 3 Keratouveitis 153
IL-13 1,3 Kirisawa uveitis 147
IL-16 3
IL-1ra (IL-1 receptor antagonist) 109 L
ILAR (International League against Rheumatism) Lacrimal gland 13

126 - accessory 13
Immune complex mediated or type III reaction 55 - main 13
Immune complex testing 63 Lactoferrin 13
Immune recovery uveitis 169 Lamellar keratoplasty see LK
Immunocompetence 163 Lamina propria lymphocytes see LPL
Immunocompetent patient 165 Laminin 26
Immunoglobulin A 13 Langerhans cells 29
Immunoglobulin E (IgE) 1 Laser-assisted intrastromal keratomileusis
Immunological privilege of the cornea 35 see LASIK
Immunomodulatory therapy 255 LASIK (laser-assisted intrastromal
Immunoperoxidase probing 29 keratomileusis) 12
Impression cytology 20 Late hyperfluorescence 212
Indocyanine green angiography see ICGA Leflunomide 259
Inducible nitric oxide synthase see iNOS Leopard pattern 146
Infectious scleritis see scleritis Leukotriene inhibitor 7
INF-gamma 128 Leukotrienes 82
Inflamed juvenile conjunctival nevus 5 LFA-1 (lymphocyte function-associated
Infliximab 135 antigen-1) 115
iNOS (inducible nitric oxide synthase) 113,263 Lid oedema 58
Insulin 14 Limbal cell transplantation see LSCT
Integrin 26 Limbal infiltrates 2
Intercellular adhesion molecule-1 see ICAM-1 Limbal stem cell 32
Interferon Limbitis 27
- contraindication 193 Linkage disequilibrium 95
o-Interferon 153 Liposomes 86
Interleukin see IL LK (lamellar keratoplasty) 32
International League against Rheumatism see ILAR Loss of accommodation 239
Interphotoreceptor retinoid-binding protein 111 LPL (Lamina propria lymphocytes) 69
Intracranial hypertension 186 LSCT (limbal cell transplantation) 32
Intravenous immunoglobulin = 31 Lyme borreliosis 130
Intravitreal corticosteroid 276 Lymphochoriomeningitis virus 146
Intravitreal injection 167 Lymphocyte function-associated antigen-1
IOL implantation 130 see LFA-1
Irido-corneo-endothelial syndrome see ICE Lysozyme 13

Iris bombe 188
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M

Macrophage migration inhibitory factor (MIF) 109
Macula edema 130

Macular degeneration 102

Macular detachment 60

Macular hole 60

Main lacrimal gland see lacrimal gland

Major basic protein see MBP

MALT (mucosa-associated lymphoid tissue) 67
Mast cells 1,82

Matrix metalloproteinase see MMP

MBP (major basic protein) 3

MCP 82

Meibomian gland 11

Meibomian gland disease 20
a-melanocyte-stimulating hormone see a-MSH
Methotrexate see MTX

MEWDS 92

MEFC (multifocal choroiditis) 210

mfERG (Multifocal electroretinogram) 190
MHC-class-II molecules 71

MICA 96

MICB 96

Microabscess 56

Microangiopathy 55

B, microglobulin 94

Minor transplantation antigen 38

MIP-1 82

MIP-alpha 3

Mitomycin C 29

MMP (matrix metalloproteinase) 7

MMP -9 17

Molecular mimicry 97

Mononucleosis 147

Mooren’s ulcer 92,100

MRI scan 63

a-MSH (melanocyte-stimulating hormone) 39
Mp 82

M 82
MTX (methotrexate) 134
MUCAC 16

Mucin layer 13

Mucosa-associated lymphoid tissue see MALT
Miiller cells 121

Multifocal choroiditis see MFC

Multifocal electroretinogram see mfERG 190
Myalgia 185

Mycophenolate mofetil 30

N

Neovascularization 27

Nerve growth factor see NGF
Neuro-Behget’s patient 186
Neurological manifestation 186
Neurotransmitter 14

NE-kB 101

NGF (nerve growth factor) 3

NKcells 94
NNHR (Non-necrotizing herpetic
retinopathies) 149
NOD (Nucleotide oligomerization domain)
2 protein 101
NOMID syndrome 131
NOMID/CINCA 101
Non-necrotizing herpetic retinopathies see NNHR
Nonsteroidal anti-inflammatory drugs see NSAID
NSAID (nonsteroidal anti-inflammatory
drugs) 134
Nucleotide oligomerization domain 2 protein
see NOD 2 protein

(o]

OCP 26

Ocular cicatricial pemphigoid patient 18
Ocular screening in JCA 136
Oculogenital route 143
Oestrogen 14

OKT, 45

Oligoclonal band 186
Optic nerve atrophy 189
Optic nerve granuloma 244
Optic neuritis 165

Oral aphthous ulcer 173
Oral tolerance induction 266
Osteoporosis 63

P

Papillitis 244

Parasympathetic sphenopalatine (pterygopalatine)
ganglion 14

Pars plana vitrectomy 154

Pars planitis 92

Pathergy phenomenon 185

PCR 142

Penetrating keratoplasty see PK

Perennial atopic conjunctivitis 2

Peripheral corneal thinning 61

Phacoemulsification 277

Phosducin 112

Photorefractive keratectomy 15

Phthisis 190

PIC (punctate inner choroidopathy) 210

PICCP (Primary inflammatory choriocapillaropathy,
see also secondary inflammatory
choriocapillaropathy) 206

PK (penetrating keratoplasty) 15,32

POHS (presumed ocular histoplasmosis syndrome)
92,222

Poliosis 120

Polyarteritis nodosa 53

PORN 142

Posner-Schlossman 142

Posterior scleritis  see scleritis

Posterior synechiae see synechiae
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Presumed ocular histoplasmosis syndrome
see POHS

Primary inflammatory choriocapillaropathy
see PICCP

Progesterone 14

Progressive outer retinal necrosis 148

Proptosis 58

Prostaglandin 82

Protein C 184

Protein S 184

Psoriasis 54,193

Psoriatic arthritis 53

Ptosis 58

Punctal occlusion 21

Punctate inner choroidopathy see PIC

Pyoderma gangrenosum 185

R

RANTES 82

Rapamycin 262

Recoverin 111

Reflex lacrimation 15

Reflex tear secretion 14
Regulatory T cells 71

Reiter’s syndrome 53,126

Relapsing polychondritis 53

Retinal biopsy 274

Retinal detachment 154

Retinal necrosis, acute (ARN) 92,100,147
Retinal necrosis, progressive outer 148
Retinal pigment epithelium see RPE
Retinal S-antigen 127

Retinal soluble antigen (S-Ag) 111
Retinectomy 274

Retinoid deficiency 18

Retinotomy 274

Rheumatoid arthritis 53,100
Rheumatoid factor 63,127
Rhodopsin 111

Riley-Day syndrome 14

Rosacea 54

Rose bengal staining 18,20

RPE (retinal pigment epithelium) 163
RPE 65 112

S

Sacroiliitis 185
Salt-and-pepper fundus 235
Sarcoidosis 130

Schirmer test 20

Scleral oedema 58

Scleral patch grafting 64
Scleritis 52

- anterior see anterior scleritis
- classification 52

- clinical presentation 57
- infectious 54

- posterior 52
- systemic diseases associated with 54

Sclerocornea

61

Screening program
Seasonal atopic conjunctivitis
Secondary angle closure
Secondary glaucoma

Sectorial iris atrophy

163

see glaucoma
Secondary inflammatory choriocapillaropathy

61

147,151

Serpiginous choroiditis
Serum uric acid 63

SINS (surgically induced necrotizing scleritis)

Sirolimus (rapamycin)
Sjogren’s syndrome
- primary 100

SS-A 77
SS-B 77
Staging syste

Stevens-Johnson

11

m 27
Staphyloma 61

98

262

92,100

Stevens-Johnson syndrome 18
207,233

Stromal choroi

Stromal keratitis

Stromal ulcer

ditis

27

61

Subconjunctival injection
Subretinal fibrosis
Subretinal granuloma
Substance P 4

Sulphasalazine

Surgically induced necrotizing scleritis see SINS

261

Sweet syndrome 18

Symblepharon

27

222

5

60

Sympathetic ophthalmia

Synechiae

- anterior 61
- posterior 129

Syphilis 63,2

Systemic diseases associated with scleritis

see scleritis

48

153

92

Systemic lupus erythematosus

T
Tachyphylaxia

T-cell lymphotrophic virus (HTLV)

T-cell receptor
T-cell receptor

Tear volume
Th3 75
Thalidomide

194

74

V 182
Tear film break-up
Tear osmolarity 13

11

256

13

T-helper lymphocytes, Type-2
Thrombangiitis obliterans
Thrombophlebitis

Thyroxin 14

TINU (tubulointerstitial nephritis and uveitis)

syndrome

92,99

185

188

2

53

1

101

207

53
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Tissue matching in corneal transplantation 41

T-lymphocytes 74

TNF receptor (TNFR-75) 119

TNF-a 3,128,135

TNFR-75

Toxocariasis 250

Toxoplasma gondii 207

Toxoplasmosis 92,100

TPHA(treponema pallidum haemagglutination)
test 248

Transfection of the endothelium 45

Transgenic animal model 97

Treponema pallidum haemagglutination see TPHA

Trichiasis 26,27

Trigeminal nerve 146

Tryptase 82

Tuberculous choroiditis 247

Tubulointerstitial nephritis and uveitis see TINU

Tumor necrosis factor see TNF

V)

UL-6 100

Ultrasonography 62, A-mode
Urinalysis 63

Uveitis 125

- anterior 134

- immune recovery 169

- in children 125

62,B-mode 62

\'}
Valganciclovir 153
VAP-1 73

Varicella-zoster virus see VZV

Vascular endothelial growth factor see VEGF
Vascular sheathing 244

Vasculitis 55

Vasoactive intestinal peptide see VIP
VCAM-1 73

VEGF (vascular endothelial growth factor) 3
Vernal keratoconjunctivitis see VKC
Videokeratoscopy 17

VIP (vasoactive intestinal peptide) 39
Viral cytopathic effect 146

Visual field testing 216

Vitiligo 120

Vitrectomy 151

- parsplana 154

Vitreous cells 239

Vitreous haemorrhage 280

Vitreous tap 151

VKC (vernal keratoconjunctivitis) 2
Voyt Koyanagi Harada syndrome 62
VZV (varicella-zoster virus) 143

w

Wegener’s granulomatosis 53
West nile virus choroiditis 249
White dot syndrome 202

Window defect 205
Witmer-Goldman C coefficient 153
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