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   We dedicate this book to our teachers: patients and colleagues. 
In particular to the members of IOIS in their efforts to care, 
fi ght, and teach on the many aspects of ocular infl ammation. 
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 This IOIS guideline on “immune modulation and anti-infl ammatory therapy 
in ocular disorders” is a continuation of our efforts to provide relevant details 
on ocular infl ammations to the practicing clinician. All segments of the eye 
can be affected by often destructive and sight-threatening infl ammatory dis-
eases. Frequently the management of such disorders provides a challenge to 
physicians to handle them and for patients to follow instructions in avoiding 
complications of therapy. The rapid advance of our knowledge base and 
development of new immunomodulatory agents have culminated in a new era 
of medical care. Such advances allow us proper management of ocular 
infl ammatory conditions. 

 This IOIS guideline on treatment of ocular infl ammation is intended to 
provide the practitioner evidence-based practical information on therapeutic 
interventions based on recent advances in immunomodulatory agents. 
Therapeutic interventions in the broad area of ocular surface disorders, post-
surgical noninfectious infl ammations, uveitis related to systemic autoimmune 
disorders, and organ-specifi c infl ammatory and immune diseases are covered 
by international experts. In addition, these experts provided relevant discus-
sions on mechanisms underlying these conditions by incorporating results of 
most recent research literature. 

 We are grateful to all authors who have contributed to this edition of the 
IOIS guidelines and invested their valuable time with primary goal of provid-
ing succinctly proper and cutting-edge management of ocular infl ammations. 
We believe that this book by providing proper guidelines for the management 
of the ocular infl ammatory disorders will help both clinicians and patients 
suffering from potentially preventable blindness globally.  

    Uwe     Pleyer  ,   MD, FEBO   
   Narsing     Rao    

  Pref ace     

Berlin, Germany
Los Angeles, CA, USA
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1.1            Defi nition 

 Allergy is a pathologic condition that can occur 
in genetically predisposed individuals who gener-
ate an aberrant immune response against environ-
mental antigens, defi ned allergens. This immune 
response is characterized by the differentiation of 
T-helper (Th) cells in the Th type 2 (Th2) cell and 
by the production of allergen- specifi c IgE. 

 Ocular allergy can involve all the components 
of the ocular surface including the lid and the lid 
margin, the conjunctiva, and the lacrimal system. 
Corneal involvement is typically restricted to the 
two most severe forms of ocular allergy, vernal 
keratoconjunctivitis (VKC) and atopic keratocon-
junctivitis (AKC). In fact, anatomical, physiologi-
cal, and immunological properties of the cornea 
render it relatively protected from allergic infl am-
mation. The cornea is more frequently involved in 
autoimmune diseases, at times as the initial pre-
senting sign of a new autoimmune disease or as a 
new sign in patients with a long- standing history 
of autoimmune systemic disease. 

 Approximately one-third of the world popu-
lation is affected by some form of allergic dis-
ease and ocular involvement is estimated to be 
present in 40–60 % of this population. Allergic 
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conjunctivitis is a localized allergic condition 
frequently associated with rhinitis but often 
observed as the only or prevalent allergic sensiti-
zation. This disease ranges in severity from mild 
forms, which can still interfere signifi cantly with 
quality of life, to severe cases characterized by 
potential impairment of visual function. 

 The term “allergic conjunctivitis” refers to a 
collection of hypersensitivity disorders that 
affects the lid and conjunctiva. Various clinical 
forms are included in the classifi cation of ocular 
allergy (Table  1.1 ): seasonal (SAC) and perennial 
allergic conjunctivitis (PAC), vernal keratocon-
junctivitis (VKC), atopic keratoconjunctivitis 

         Table 1.1    Ocular allergic diseases   

 Condition  Prevalence  Severity  Causes  Sign/symptoms 

 SAC/PAC  Most frequent 
ocular allergic 
disease 

 Mild/
moderate 

 Genetic predisposition  Itching 
 Associated with rhinitis  Redness 

 10–15 % of 
population 

 Seasonal allergens (pollens, 
molds, chemicals) 

 Tearing 

 Perennial allergens (dust, animal 
dander, foods, chemicals 

 Watery discharge 
 Chemosis 
 Lid swelling 

 VKC  Rare  Severe  Genetic predisposition?  Extreme itching 
 Ages 3–20  Associated with atopic disorders 

(50 %) 
 Mucous discharge 

 Under 14 M > F  Th2 upregulation  Giant papillae 
 Nonspecifi c eosinophil activation  Trantas’ dots 

 In adults M = F  SPK/ulcer 
 Conjunctival eosinophilia 

 AKC  Rare  Severe  Genetic predisposition  Itching 
 2nd to 5th 
decade of life 

 Sight 
threatening 

 Associated with atopic dermatitis  Burning 
 Environmental allergens: food, 
dust, pollens, animal dander, 
chemicals 

 Tearing 
 M > F  Photophobia 

 Chronic redness 
 Blepharitis 
 Periocular eczema 
 Mucous discharge 
 SPK/ulcer 
 Conjunctival and corneal scarring 
 Cataract 

 GPC  Iatrogenic  Mild  Trauma induced by contact lens 
edge, ocular prosthesis, and 
exposed sutures and aggravated 
by concomitant allergy 

 Lens intolerance 
 2nd to 5th 
decade 

 Blurred vision 
 Foreign body sensation 
 Giant papillae 

 Contact 
dermatitis of 
the eyelid 

 Not known  Moderate  Contact delayed-type 
hypersensitivity 

 Eyelid eczema 

 Exogenous haptens (cosmetics, 
metals, chemicals) 

 Eyelid itching 

 Topical preparation (drugs, 
preservatives) 

 Redness 
 Follicles 
 SPK 

 Drug-induced 
conjunctivitis 

 Any age/adults  Moderate  Epithelial toxicity  Redness 
 Hyperosmolarity  Lid eczema 
 Indirect toxicity  Follicles 

 SPK 

A. Leonardi and N.P. Barney
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(AKC), giant papillary conjunctivitis (GPC), and 
contact or drug-induced dermatoconjunctivitis.

   In 2001, the European Academy of Allergy 
and Clinical Immunology suggested a classifi ca-
tion for allergic conjunctivitis, dividing them into 
IgE-mediated and non-IgE-mediated conjuncti-
vitis, thus trying to provide a more schematic 
immunopathological approach to classifi cation 
[ 23 ]. IgE-mediated conjunctivitis can be divided 
into intermittent and persistent conjunctivitis, the 
latter of which is classifi ed into vernal and atopic 
keratoconjunctivitis. However, this classifi cation 
has limitations and may create more confusion 
[ 6 ]. For example, contact blepharitis or dermato-
conjunctivitis (CDC) is a non-IgE-mediated form 
of localized contact dermatitis that is immuno-
logically different from VKC or AKC. Contact 
lens-related GPC should be considered a non-
IgE- mediated disease, mechanically related to 
lens microtrauma, which shares some immuno-
pathological aspects with VKC. 

 In the previous IOIS Guidelines on Blepharitis 
and Conjunctivitis [ 6 ], ocular allergy has been 
included in the classifi cation of conjunctivitis 
under the chapter of “Non-Infectious Immune 
Mediated” and divided as seasonal and perennial 
allergic conjunctivitis, AKC, and VKC, while 
GPC has been included in the subchapter of 
“Specifi c ocular clinical entities.” 

 In this chapter, we will use the traditional 
nomenclature for ocular allergy.  

1.2     Etiology 

1.2.1     Innate Immunity 
and Ocular Allergy 

 Innate immunity is the primary defense line for 
the ocular surface. It is essentially mechanical 
due to the anatomical characteristics and the 
position of the eye. These mechanical barriers are 
supported by nonspecifi c phagocytic and humoral 
responses produced by monocytes and macro-
phages and by ocular surface structural cells. 

 Induced immunity is the second specifi c 
defense line, involving the processing and recog-
nition of antigen by antigen-presenting cells and 

lymphocytes and the development of a specifi c 
immune response through humoral- or cell- 
mediated mechanisms. 

 How innate immunity of the ocular surface 
might interact with the mechanisms that drive 
toward an allergic reaction remains unclear. 
Some of the players of innate immunity are mod-
ifi ed in ocular allergy. Toll-like receptors (TLRs) 
play a crucial role in the activation of several 
immune cells, as well as possibly modulating the 
Th1/Th2 lymphocyte equilibrium. Recently, 
TLRs studied in normal subjects and VKC [ 11 ] 
and AKC patients showed different patterns 
when expressed in chronic allergic conjunctivitis. 
In VKC, TLR-4 was upregulated, TLR-9 was 
downregulated, and TLR-2 was slightly decreased 
relative to normal tissues. Whether this is a pre-
disposing phenotype or a consequence of chronic 
infl ammation remains a challenge for further 
studies. Activation of TLR-2 and TLR-4 induces 
mast cell degranulation and release of Th2 cyto-
kines [ 58 ], suggesting a possible link between 
mechanisms that activate the adaptive immune 
response after microbial ocular infections and 
allergic infl ammation. 

 There is also strong evidence supporting a role 
for a  Staphylococcus aureus  infection in the 
pathogenesis of AKC. In fact, in one study, most 
affected individuals had this pathogen identifi -
able on lid swabs [ 37 ]. It is believed that 
staphylococcal- derived superantigen is a potent 
adjuvant for allergen-specifi c Th2 responses and 
it may generically apply to other hypersensitivi-
ties, particularly when microorganisms have 
been implicated. In the ocular setting, these con-
cepts are still unclear. 

 Recently, it was proposed that NK cells play a 
crucial role in the pathogenesis of allergic dis-
eases by altering the balance between Th1/Th2 
lymphocytes. NK cells might be triggered to 
secrete cytokines (IL-4, IL-5, and IL-13) that 
promote Th2 rather than Th1 responses. The 
recent fi nding of decreased circulating NK in 
VKC patients and signifi cantly increased NK 
cells infi ltrating the conjunctiva in infl amed VKC 
tissues [ 27 ] indicates that NK cells may be 
involved in the pathophysiology of chronic ocu-
lar allergy. By modulating allergic infl ammation 
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through the release of cytokines that infl uence the 
balance between Th1 and Th2 responses, and the 
resulting conjunctival eosinophil infi ltration, 
these cells may provide a link between innate and 
specifi c immunity in allergic diseases.  

1.2.2     The Allergic Process 

 The conjunctiva is normally exposed to picogram 
quantities of environmental allergens such as pol-
lens, dust mite fecal particles, animal dander, and 
other proteins. When deposited on the mucosa, 
these antigens are processed by Langerhans cells 
or other antigen-presenting cells (APC) in the 
mucosal epithelium, bind to the antigen recogni-
tion site of major histocompatibility complex 
(MHC) class II molecules, and present to naive 
CD4+ lymphocytes at some unknown location 
that could be the local draining lymph nodes. 
Complex and multiple simultaneous contacts and 
cytokine exchanges between APC and T cells 
expressing antigen-specifi c T-cell receptors are 
necessary to trigger the antigen-specifi c T cells to 
differentiate into Th2 lymphocytes    [ 34 ,  35 ]. 
Recently, more attention has been given to the 
role of dendritic cells in ocular allergic diseases. 
B7-1 and B7-2, co-stimulatory molecules on 
APC, interact with CD28 located on Th2 cells 
[ 2 ], activating them during the induction and 
effector phases. In contrast, CTLA-4 is expressed 
on activated T cells and transmits a negative sig-
nal that downregulates the ongoing T-cell 
responses upon engagement by B7-1 or B7-2 
[ 51 ]. Other ligand interactions may also be cru-
cial in the production of IgE; for example, 
 conjunctival B cells expressing the ligands CD23, 
CD21, and CD40 are activated in individuals 
with vernal keratoconjunctivitis (VKC). These B 
cells may be responsible for the IgE production 
associated with VKC [ 2 ]. A direct activation of 
allergen-specifi c T cells by T-cell peptides or 
direct activation of dendritic cells bearing high- 
affi nity receptors for IgE may be alternate path-
ways for initiating an allergic reaction in patients 
with or without evidence of specifi c IgE sensiti-
zation. In fact, specifi c IgE sensitization is identi-
fi ed in only 50 % of patients suggesting that 
non-IgE-mediated pathways may be present in 

VKC. It is still unclear why disease incidence 
changes with age and in different geographical 
regions. The risk of disease may be infl uenced by 
genetic susceptibility factors, some of which 
affect the immune response, for example, poly-
morphisms of the FcεR1 and IL-4R genes [ 53 ]. 
We have shown recently that the number of DCs 
expressing the FceRIg chain is increased and pre-
dominant in the substantia propria of the con-
junctiva of VKC patients    [ 34 ,  35 ]. This increased 
expression of the receptor is likely to increase the 
ability of DCs to capture and subsequently pro-
cess antigens for presentation to CD4 +  T cells, 
thereby initiating the immune cascade. 

 It is still unknown why one subject becomes 
allergic and one is tolerant to the same allergen. 
Nonatopic subjects usually develop a low-grade 
immunological response to aeroallergens with 
the production of allergen-specifi c IgG1 antibod-
ies and, in vitro, a modest T-cell proliferative 
response to allergens with the production of IFN- 
γ, typical of Th1 cells. Nonatopics also appear to 
have a normal T-regulatory cell response [ 32 ]. In 
contrast, allergic subjects mount an exaggerated 
allergen-specifi c IgE response with elevated 
serum levels of IgE antibodies and positive skin 
tests to extracts of common aeroallergens. In fact, 
T cells derived from allergic subjects and grown 
in vitro proliferate in the presence of specifi c 
allergens, responding with the production of typi-
cal Th2-type cytokines, IL-4, IL-5, and IL-13. 
This may be the result of an inappropriate bal-
ance between allergen activations of regulatory T 
cells and effector Th2 cells. 

 The major driving force that polarizes CD4+ 
T cells to the Th2 phenotype is IL-4, whereas 
IL-12 favors a Th1 response. However, many 
other cytokines, chemokines, and mediators with 
potential relevance to allergy and allergic con-
junctivitis, including histamine and histamine 
receptors, have been described since this initial 
defi nition of the Th1/Th2 paradigm. This may 
explain the disappointing results of single 
cytokine- directed therapy that have been recently 
proposed in allergy. 

 It has become evident that regulatory T cells 
(Treg) play a suppressive role in the development 
of allergy and that modulation of Treg function 
may be a possible therapy for allergic patients. 

A. Leonardi and N.P. Barney
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However, the role of Treg and regulatory cyto-
kines such as IL-10 and TGFβ in ocular allergy is 
still unclear [ 18 ]. It has been shown that IL-10 
and TGFβ do not have immunosuppressive roles 
in the development of experimentally induced 
allergic conjunctivitis. Moreover, these two cyto-
kines increase the infi ltration of eosinophils into 
the conjunctiva during the effector phase of 
experimentally induced allergic conjunctivitis.  

1.2.3     Allergic Infl ammation 

 Infl ammatory mediators and inhibitors in the tear 
fl uid have been extensively used in ocular allergy 
either to fi nd a “disease marker,” to better under-
stand the immune mechanisms involved in the 
ocular surface infl ammation, or to identify poten-
tial targets for therapeutic interventions. The 
presence of Th2 cells and Th2-type cytokines has 
been proven and confi rmed in several studies. 
However, during the active infl ammatory phase 
of the disease, multiple cytokines are overex-
pressed and produced including the typical Th1- 
type cytokine, INFγ, which probably contributes 
to increasing the ocular infl ammation similar to 
what has been shown in animal models. The pres-
ence and distribution of multiple mediators, pro-
teases, and angiogenic and growth factors in 
normal tears and in those of active VKC patients 
have been demonstrated using a modifi ed 
microwell plate antibody array [ 30 ]. 

 Massive infi ltration of infl ammatory cells is 
typical of chronic ocular allergy such as VKC 
and differentiates this disease from SAC and 
PAC. Chemokines such as IL-8, MCP-1, 
RANTES, and eotaxin are actively secreted in 
VKC and produced by mast cells, macrophages, 
epithelial cells, and fi broblasts [ 26 ]. 

 Several enzymatic systems may be activated 
in chronic disease, contributing to cell migration, 
tissue damage, and remodeling. 

 Multiple mediators, cytokines, chemokines, 
receptors, proteases, growth factors, intracellular 
signals, regulatory and inhibitory pathways, and 
other unknown factors and pathways are differ-
ently expressed, ultimately resulting in the many 
clinical manifestations of ocular allergic dis-
ease. A better understanding of the mechanisms 

involved in ocular surface immunity is necessary 
for identifying new classifi cation criteria and new 
therapeutic strategies.  

1.2.4     Allergic Infl ammation 
and Corneal Damage 

 During the ocular infl ammatory process, allergic 
mediators are released onto the ocular surface 
and into the tear fi lm, causing a wide range of 
corneal clinical manifestations. 

 Infl ammatory cells, cytokines, and chemo-
kines liberated from eosinophils, T-helper type 2 
(Th2) cells, and tear fi lm instability may act con-
comitantly in the pathogenesis of shield ulcer. 
Eosinophils and eosinophil-derived major basic 
(MBP) and cationic protein (ECP), neurotoxins, 
and collagenases, in particular MMP-9, have 
been shown to damage the corneal epithelium 
and basement membrane [ 29 ]. 

 The fact that human corneal keratocytes and 
conjunctival fi broblasts, but not epithelial cells, 
are capable of producing eotaxin by stimulation 
with IL-4 and TNF-α suggests that eotaxin pro-
duction in keratocytes may play an important role 
in eosinophil recruitment to corneal ulcers in 
allergic ocular disease [ 26 ]. Thus, eotaxin pro-
duction by keratocytes, the increased production 
of cytokines on the ocular surface in the course of 
severe ocular allergies, and the increased expres-
sion of adhesion molecules by corneal epithelial 
cells stimulated by IL-4 and TNF-α are all 
responsible for the corneal involvement observed 
in the most severe allergic ocular diseases.   

1.3     Clinical Symptoms and Signs 
of the Underlying Condition/
Disorder 

1.3.1     Seasonal and Perennial 
Allergic Conjunctivitis 

  Seasonal allergic conjunctivitis  (SAC) is the most 
common form of ocular allergy. It is associated 
with sensitization and exposure to environmen-
tal allergens, particularly pollen (Table  1.1 ). The 
perennial form,  perennial allergic  conjunctivitis  
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(PAC), usually involves sensitization to mites or 
to multiple antigens. More than 95 % of patients 
with seasonal or perennial allergic conjunctivitis 
have allergic rhinitis, justifying the use of “aller-
gic rhinoconjunctivitis” as a synonym for this 
disease. Allergic rhinoconjunctivitis may be asso-
ciated with other airway disorders. 

 SAC and PAC are characterized by onset in 
childhood or early adulthood. They are typical 
IgE-mediated diseases, characterized by spikes 
of histamine and other mediators released from 
conjunctival activated mast cells that clinically 
correspond to episodes of ocular itching, redness, 
and lid swelling frequently associated with rhini-
tis. Other ocular signs of allergic conjunctivitis 
include mild serous or serous-mucous secretions 
and/or slight papillary or follicular hypertrophy 
of the conjunctiva. Symptoms may be occasional, 
seasonal, or persistent. Apart from the presence 
of itching, no sign or symptom related to SAC or 
PAC is specifi c or pathognomonic [ 39 ]. The most 
important diagnostic tool for SAC and PAC is a 
thorough medical history. While these conditions 
are not serious, they are very disturbing to 
patients and can signifi cantly affect their quality 
of life. Correlations between allergic symptoms 
and psychological disturbances have been 
reported. Allergic rhinoconjunctivitis signifi -
cantly reduces the patient’s overall energy and 
negatively affects behavior, leading to increased 
school absenteeism and decreased work produc-
tivity (Table  1.1 ). 

 Acute or hyperacute episodes of ocular 
allergy, also called anaphylactoid reactions, are 
characterized by acute itching and eyelid swell-
ing as either urticaria (hives and wheals) in the 
superfi cial layers of the skin or angioedema in the 
deeper, subcutaneous tissues or both. These reac-
tions can be unilateral or bilateral and the con-
junctiva may or may not be affected. Insect bites, 
food allergy, or contact hypersensitivity can be 
involved in the etiology of these reactions.  

1.3.2     Vernal Keratoconjunctivitis 

 Vernal keratoconjunctivitis (VKC) is a severe 
ocular allergic disease that occurs predominately 

in children [ 28 ]. Most VKC patients complain of 
symptoms from early spring to fall, with differ-
ences among climate zones. Exacerbations of the 
disease and acute episodes arise, triggered by 
allergen exposure or, more frequently, by nonspe-
cifi c stimuli such as wind, light, and dust. VKC is 
an IgE- and Th2-mediated disease; however, only 
50 % of patients present a clearly defi ned allergic 
sensitization [ 10 ]. 

 Intense itching, tearing, and photophobia 
are the classic symptoms of these patients. The 
presence of pain associated with photophobia is 
indicative of corneal involvement. Foreign body 
sensation may be caused by mucous hyperse-
cretion, papillae hypertrophy, and superfi cial 
keratopathy. Various grades of conjunctival 
hyperemia and chemosis are always present 
in both forms of the disease. The tarsal form is 
characterized by irregularly sized hypertrophic 
papillae, leading to a cobblestone appearance on 
the upper tarsal plate and abundant mucus that 
may be incarcerated between them. A variation 
of the tarsal form of VKC may appear as diffuse 
upper tarsal conjunctival thickening with fi ne and 
diffuse subepithelial fi brosis without papillae for-
mation. The limbal form of the disease is char-
acterized by multiple gelatinous, yellow-gray 
limbal infi ltrates and papillae, whose size and 
location may change over time. The limbus may 
appear thickened and opacifi ed for 360°, accom-
panied by a peripheral, superfi cial neovascular-
ization. The apices of infi ltrates may appear as 
punctiform calcifi ed concretions called Trantas’ 
dots. In the mixed form of the disease, both tarsal 
and limbal signs are observed to varying degrees. 
Blepharospasm, tearing, and mucus hypersecre-
tion may be present in all VKC forms, while 
pseudoptosis is usually secondary to the presence 
of heavy tarsal giant papillae (Table  1.1 ). 

 Corneal involvement is common in VKC and 
is more frequent in tarsal than limbal patients, 
taking the form of a superfi cial punctate keratitis, 
epithelial macroerosion or ulcers, plaque, neo-
vascularization, subepithelial scarring, or pseu-
dogerontoxon. Ulcer formation is preceded by a 
progressive deterioration of the corneal epithe-
lium, which appears irregularly stained and cov-
ered with fi ne fi laments. The ocular complications 
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that lead to visual loss include steroid-induced 
cataract, steroid-induced glaucoma, central cor-
neal scars, irregular astigmatism, keratoconus, 
limbal tissue hyperplasia, and dry eye syndrome.  

1.3.3     Atopic Keratoconjunctivitis 

 Atopic keratoconjunctivitis (AKC) is a rare dis-
ease that comprises less than 1 % of all ocular 
allergies (Table  1.1 ). Generally, it emerges in 
children with active atopic dermatitis or in young 
adults and continues through the fi fth decade of 
life, reaching its peak incidence between the ages 
of 30 and 50 [ 16 ]. A family history of allergic 
conditions is common, while 95 % of patients 
have a history of eczema and 87 % have a history 
of asthma. AKC presents as a chronic bilateral 
conjunctivitis with seasonal exacerbations corre-
sponding to the offending allergen/s or food 
exposure. The common presenting symptoms are 
bilateral ocular itching, burning, tearing, and 
mucous discharge. The hallmark sign of AKC is 
erythematous, exudative lesions of the lids. 
Eyelids    tend to be thickened, indurated, erythem-
atous, and fi ssurated, due to eczema, which are 
often associated with chronic blepharitis, meibo-
mian gland dysfunction, and staphylococcal 
infection. The lids of about 90 % of atopic 
patients are colonized with  Staphylococcus 
aureus  rather than the usual staphylococcal fl ora; 
however, their presence does not correlate with 
the incidence or severity of keratopathy [ 37 ]. The 
limbus may present Trantas’ dots and the tarsal 
conjunctiva may present giant papillae similar to 
those observed in VKC patients. Cicatrizing con-
junctivitis, subepithelial fi brosis, and symblepha-
ron have also been reported, with the lower fornix 
possibly shrinking subsequent to scarring. 
Reduced tear function and tear volume may also 
be observed. Punctate keratitis, persistent epithe-
lial defects, and ulcer with plaque formation are 
possible complications. Keratoconus is also often 
associated with AKC. Herpes keratitis, mollus-
cum contagiosum, and microbial infections may 
complicate the disease, particularly if chronic 
topical steroid therapy is required. Severe kera-
topathy with corneal neovascularization, pannus 

formation, and stromal keratitis may develop as a 
consequence of repeated corneal infl ammation. 
This can result in marked astigmatic changes and 
permanent visual impairment. Anterior “atopic” 
or posterior subcapsular cataract, more likely 
from steroid use, contributes to the visual deteri-
oration associated with AKC.  

1.3.4     Giant Papillary Conjunctivitis 

 Giant papillary conjunctivitis (GPC) is a non-
IgE- mediated infl ammation induced most fre-
quently by the use of all types of contact lenses 
and ocular prostheses or the presence of corneo- 
conjunctival sutures or protruding scleral buck-
ling. The upper tarsal conjunctiva is subjected 
to repetitive or constant microtrauma generated 
by a conjunctival “foreign body”; this phenom-
enon is then complicated by an immune reac-
tion against a protein or residue deposited on 
the lens. Suspension of contact lens wear ini-
tiates the immediate regression of the disease. 
Previously considered an allergic condition, 
GPC has similarities with VKC for the mor-
phology of giant papillae and some immuno-
pathological fi ndings such as increased mast 
cell number, eosinophil and T-cell infi ltration, 
and expression of Th2- type cytokines, such as 
IL-4 and chemokines [ 22 ]. GPC is mostly seen 
in young patients and is not related to gender but 
a history of atopy may be a predisposing  factor. 
The early stages of GPC may be asymptom-
atic. In contact lens GPC, mild lens intolerance 
progresses to foreign body sensation, itching, 
blurred vision, and increased mucus production. 
Intolerance progresses until patients are no lon-
ger able to wear their lenses. In other forms of 
GPC, mild to severe irritation, discomfort, itch-
ing, and burning continue until removal of the 
external device or suture. The defi ning charac-
teristic of GPC is the presence of giant papillae 
greater than 0.3 mm in diameter. There can be 
a single papilla or the entire tarsal plate may be 
covered. Conjunctival hyperemia, limbal infi l-
trates, Trantas’ dots, and conjunctival thicken-
ing are common fi ndings. Mucous discharge 
and lens deposits are typical.  
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1.3.5     Contact 
Blepharoconjunctivitis 

 Contact blepharitis or dermatoconjunctivitis 
involves the skin of the eyelid and/or conjunc-
tiva [ 61 ]. It is related to contact T-cell-mediated 
delayed hypersensitivity reaction to haptens 
(incomplete antigens), which become immu-
nogenic only after they bind to tissue protein. 
Various haptens and antigens that might come 
in contact with the eyelid and/or the conjunctiva 
have been implicated, including drugs, topical 
eyedrops, preservatives, metals, nail polish, and 
cosmetics. An “allergic” reaction may occur 
following instillation of topical antiglaucoma 
agents, such as beta-blockers, prostaglandins, 
and prostanoids, or mydriatics used for diagnos-
tic purposes, usually phenylephrine. Other alpha- 
agonists are commonly used as decongestants in 
over-the-counter anti-allergy eyedrops. Topical 
antibiotics such as neomycin, as well as ocu-
lar solutions based on herbal extracts, can also 
provoke contact allergic reactions. Among pre-
servatives, benzalkonium chloride, thimerosal, 
parabens, and ethylenediaminetetraacetic acid 
(EDTA) may cause either a toxic reaction or a 
cell-mediated (delayed) hypersensitivity (DH) 
response. The most prominent symptoms are itch-
ing and burning of the eyelid and eczematoid der-
matitis. Other signs and symptoms are redness, 
eyelid swelling, tearing, and mucous  discharge. 
The ocular surface may also be involved as con-
junctival hyperemia; punctate staining of the cor-
nea and conjunctiva, especially on the inferonasal 
bulbar conjunctiva; and a follicular reaction. 
Similar signs and symptoms and conjunctival 
staining patterns occur with drug or preservative 
toxicity. Marginal corneal infi ltrates may rarely 
occur in reactions to neomycin, phenylephrine, 
dorzolamide, gentamicin, and atropine; however, 
the exact nature of these hypersensitivity reac-
tions is not clear. Eczema on the eyelid skin in 
the absence of conjunctival hyperemia indicates 
that the cause of the reaction is due to something 
that has come in contact only with the eyelid. 
Diagnosis is based on accurate clinical history of 
agent/drug exposure and the results of patch tests 
on the dorsal skin (Table  1.1 ).  

1.3.6     Drug-Induced Conjunctivitis 
or Keratoconjunctivitis 

 Drug-induced ocular surface toxicity is more 
frequent than ocular allergy and is only sec-
ond in frequency to keratoconjunctivitis sicca 
(Table  1.1 ). Ocular discomfort may be the only 
manifestation after drug instillation. However, 
severe ocular surface reactions may develop. 
Often, these reactions develop slowly and exhibit 
subacute or chronic symptoms. Clinical mani-
festations of a drug’s toxic effects may be mild 
with exacerbation occurring only several years 
later. Moreover, during the chronic use of topical 
medications, burning, itching, and other signs of 
intolerance may be attributed to the initial disease 
manifestations and the potential side effects of 
the drug remain underestimated. 

 Conjunctival irritations may result from a 
direct cytotoxicity of drugs, a low or high pH of 
the formulation, and/or a hyper- or hyposmolar-
ity of the solution. Some substances can be aller-
genic at low concentrations and irritating at higher 
doses. Toxic compounds may cause corneal and 
conjunctival cell necrosis or induce cell death by 
apoptosis. Thus, initial impairment of ocular sur-
face integrity stimulates a cycle of infl ammatory 
reactions, with persistent infl ammation leading 
to subepithelial fi brosis, symblepharon, corneal 
neovascularization, and scarring. 

 Unlike immunological reactions, which 
require prior sensitization, toxic effects can 
be observed after the fi rst contact and can be 
dose dependent. Toxic adverse events may also 
be observed several months or even years after 
initiation of treatment when a cumulated concen-
tration of the drug has been reached. 

 The toxicity of various topical medications 
can also be indirect as with the extensive use of 
antibiotics, antiviral agents, or corticosteroids 
due to toxicity on goblet cells, decreased lacrimal 
gland secretion or the detergent effect of preser-
vatives on the lipid layer of the tear fi lm, increased 
meibomian gland secretions, and seborrheic 
blepharitis. 

 Occlusion of the nasolacrimal system caused 
by infl ammatory and fi brogenic mechanisms can 
induce alterations of tear fi lm and bacterial fl ora 
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that lead to secondary toxic effects on the ocular 
surface. Some types of drug may cause delayed 
wound healing (corticosteroids), deposits on the 
ocular surface (adrenaline), or pigment changes 
and growth of cilia (prostanoids).   

1.4     Differential Diagnosis 

 Each of these clinical entities requires a differen-
tial diagnosis that is usually clinical, yet can be 
substantiated by objective laboratory parameters. 
Clinical characteristics allow a relatively convinc-
ing diagnosis of SAC, PAC, VKC, AKC, GPC, 
and contact blepharoconjunctivitis in the milder 
or initial stages of these diseases, but there can 
be some confusion as to which form of allergy 
is present. At times, pseudoallergic forms, with 
clinical manifestations similar to allergy but with 
a nonallergic equivocal pathogenesis, are diffi cult 
to distinguish from allergic forms that, in contrast, 
have precisely defi ned pathogenic mechanisms. 
Several clinical forms may mimic the clinical 
pictures of ocular allergy, including tear fi lm dys-
function, subacute and chronic infections, and 
toxic and mechanical conjunctivitis (Table  1.2 ).

   Bacterial, viral, or chlamydial infections 
should always be considered in the differential 
diagnosis of both acute and chronic conditions. 
In bacterial conjunctivitis, the discharge is 

 usually purulent with morning crusting around 
the eyelids. It may be a unilateral condition, 
while allergy is usually bilateral. Viral conjuncti-
vitis is often seen in conjunction with a recent 
upper respiratory infection. Conjunctival hyper-
emia, chemosis, serous discharge, and corneal 
subepithelial opacities indicate a viral infection. 
A chlamydial infection is caused by transfer of 
the organism from the genital tract to the eye. It is 
characterized by a follicular persistent or chronic 
conjunctivitis. 

 In most cases, allergy is confused with the dif-
ferent forms of dry eye that result from decreased 
tear production or disruption of tear stability. 
Even though dry eye is most common in adults or 
older people, and allergy in younger subjects, 
tear fi lm dysfunction can occur at any age. Signs 
and symptoms include irritation, grittiness, burn-
ing, and foreign body sensation, but also itching. 
Dry eye may be worsened by certain medications 
including oral antihistamines, yet it can occur 
concomitantly to allergy. 

 Blepharitis is another common condition that 
can cause signifi cant ocular irritation, itching, 
and discomfort. It is caused by an infl ammation 
of the eyelid margin caused by staphylococcal 
infection with or without seborrhea. It is fre-
quently associated with dry eye and skin diseases 
such as seborrhea, psoriasis, atopic dermatitis, 
and acne rosacea. 

   Table 1.2    Differential diagnosis of allergic from nonallergic conjunctivitis   

 Allergy  Dry eye  Blepharitis  Toxic  Mechanical  Infections 

 History  Typical  Signifi cant  –  ±  –  – 
 Symptoms  Itching  Burning  Burning  Discomfort  Discomfort  Burning 

 Tearing  Foreign body 
sensation 

 Itching  Burning  Pain  Discomfort 

 Discomfort  Discomfort  Stickiness 
 Pain 

 Signs  Redness  SPK  Abnormal lid 
margin 

 Redness  Redness  Intense redness 
 Lid swelling  Follicles  SPK  Secretion 
 Papillae  Tearing 
 Eczema  Swelling 

 Discharge  Serous/mucus  Mucus  Serous/mucus  Serous  Mucus  Mucopurulent/
purulent 

 Cytology  Eosinophils/
neutrophils/
lymphocytes 

 Altered epithelial 
cells/lymphocytes 

 Neutrophils  Neutrophils/
altered epithelial 
cells/lymphocytes 

 Neutrophils  Neutrophils 
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 Toxic and mechanical conjunctivitis are fre-
quently confused with allergy. In these cases, 
careful medical history and examination can 
exclude an allergic pathogenesis. An intense and 
persistent follicular reaction is the typical fea-
ture, associated with mild to intense hyperemia. 
Toxicity to single or repeated exposure to a partic-
ular chemical substance, eyedrop, or preservative 
does not produce a change in normal lysozyme or 
IgE levels but may result in low goblet cell levels, 
destruction of junctures between epithelial cells, 
and epithelial cell toxicity. The lacrimal puncta 
may be swollen or occluded by a cellular infi ltrate 
with a consequent epiphora. The cornea is often 
involved as a diffuse punctate keratitis typically 
on the entire corneal surface. Dermal involvement 
of the eyelids includes injection, swelling, and 
excoriation. Medicamentosa is essentially a toxic 
response with no underlying immune dysfunc-
tion; however, contact sensitivity to drugs, preser-
vatives, or cosmetics may be present.  

1.5     Diagnostic Tests 
in Ocular Allergy 

 The fi rst step in diagnosing allergy is to deter-
mine defi nitively that the infl ammation is not 
nonspecifi c but is allergic in origin, caused by 

an IgE-mediated sensitization to antigen. The 
second phase of diagnosis consists in identify-
ing which of the various forms of ocular allergy 
are present based on the clinical characteris-
tics observed. Diagnostic tests are shown in 
Table  1.3 .

1.6        Treatment of Ocular Allergy 

 The most common diseases, SAC and PAC, are 
classic IgE-mediated disorders, in which the ther-
apeutic focus is mostly confi ned to the local sup-
pression of mast cells, their degranulation, and 
the effects of histamine and other mast cell- 
derived mediators using topical drugs. 
Conversely, severe chronic disorders such as 
VKC and AKC are both IgE- and T-cell-mediated, 
leading to a chronic infl ammation in which 
eosinophil, lymphocyte, and structural cell acti-
vations characterize the conjunctival allergic 
reaction. In these cases, stabilization of mast 
cells and histamine or other mediator receptor 
antagonists is frequently insuffi cient for control 
of conjunctival infl ammation and the frequent 
corneal involvement. 

 Currently available topical drugs for allergic 
conjunctivitis belong to different pharmacolog-
ical classes (Table  1.4 ): vasoconstrictors, 

   Table 1.3    Diagnostic tests for ocular allergy   

 Test  Indication  Advantages  Disadvantages 

 Skin prick test  Suspected sensitization to 
environmental (pollens, molds, mites, 
animal dander) and food allergens 

 Simple, rapid 
inexpensive 

 Not always correlated with 
eye symptoms 

 Patch test  Eczematous blepharitis 
 Contact sensitivity 
 Drug-induced conjunctivitis 

 Time consuming 
 Eyelid skin is quite different 
from that of the back 
 Increasing number of 
haptens 

 Serum-specifi c IgE  In eczema, skin hyperreactivity, 
prolonged use of drugs 

 Quantify sensitization 
 Diverse allergens 
simultaneously 

 Expensive 
 Not always correlated with 
eye symptoms 

 Conjunctival 
provocation with 
allergens 

 Positive clinical history of allergic and 
prick test/IgE negative 
 Defi ne the most important allergen in 
patients with several positive skin tests 

 Confi rm conjunctival 
responsiveness 

 Few allergens available 
 Expensive 
 Time consuming 
 Rare systemic side effects 

 Cytology  To evaluate the quality and quantity of 
infl ammation 

 Presence of eosinophils 
indicative of allergy 

 Absence of eosinophils does 
not exclude allergy 

 Tear IgE  Suspected sensitization and negative 
allergy tests 

 Local IgE production  Low-volume samples 
 Not practical 
 Not standardized 
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 antihistamines, mast cell stabilizers, “dual-act-
ing” agents (with antihistaminic and mast cell- 
stabilizing properties), and nonsteroidal anti- 
infl ammatory agents. Corticosteroids, approved 
for use in the USA, are usually not needed in 
SAC and PAC and have potentially important 
side effects if used for periods longer than 
occasional short cycles to control severe recur-
rences, if any.

1.6.1       Non-pharmacological 
Management 

 The fi rst treatment of ocular allergy should be 
avoidance of the offending allergens. This can 
be achieved usually for indoor, professional, 
or food allergens. Thus, the identifi cation of 
allergens by skin or blood testing is necessary 

to allow for avoidance of precipitating factors. 
Non- pharmacological treatments include tear 
substitutes and lid hygiene for the washing 
out of allergens and mediators from the ocular 
surface and cold compresses for decongestion. 
Patients should be informed of the duration 
of the disease based on allergen diffusion and 
exposure.  

1.6.2     Treatment of Allergic 
Conjunctivitis 

 Treatment of SAC and PAC includes topical ocu-
lar pharmacological treatment, topical ocular 
non-pharmacological treatments, topical non- 
ocular pharmacological treatment (see above), 
systemic pharmacological treatments, and 
immunotherapy. 

   Table 1.4    Topical ocular allergy medications   

 Class  Drug  Indication  Comments 

 Vasoconstrictor/
antihistamine 
combinations 

 Naphazoline/
pheniramine 

 Rapid onset of action  Short duration of action 
  SAC   Tachyphylaxis 
  Episodic allergy   Mydriasis 

 Ocular irritation 
 Hypersensitivity 
 Hypertension 
 Potential for inappropriate 
patient use 

 Antihistamines  Levocabastine  Rapid onset of action  Short duration of action 
 Emedastine  Relief of itching 
 Alcaftadine  Relief of signs/symptoms 

  SAC, PAC, AKC, VKC, GPC  
 Mast cell stabilizers  Cromolyn  Relief of signs and symptoms  Long-term usage 

 Nedocromil   SAC, PAC, AKC, VKC, GPC   Slow onset of action 
 Lodoxamide  Prophylactic dosing 
 NAAGA 
 Pemirolast 

 Antihistamine/mast cell 
stabilizers (dual-acting) 

 Azelastine  Treatment of signs and 
symptoms of SAC 

 Bitter taste (azelastine) 

 Bepotastine  Rapid onset of action  No reported serious side effects 
 Epinastine  Long duration of action  Olopatadine once a day 
 Ketotifen  Excellent comfort 
 Olopatadine   SAC, PAC, AKC, VKC, GPC  

 Corticosteroids  Loteprednol  Treatment of allergic 
infl ammation 

 Risk for long-term side effects 

 Fluorometholone  Use in severe forms of allergies  No mast cell stabilization 
 Desonide   (PAC) AKC, VKC   Potential for inappropriate 

patient use  Rimexolone 
 Dexamethasone  Requires close monitoring 
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1.6.2.1     Topical Ocular 
Pharmacological Treatment 

 Topical treatment is the fi rst line of pharmacological 
treatment of allergic conjunctivitis. Decongestant/
vasoconstrictors are alpha- adrenergic agonists 
approved topically for relief of conjunctival red-
ness. They have little place in the pharmacological 
treatment of SAC and PAC except for the immedi-
ate removal of injection for cosmetic reasons but 
do have an adverse effect profi le locally (glau-
coma) and systemically (hypertension). 

 Topical antihistamines are H 1 -receptor com-
petitive antagonists of varying specifi city, potency, 
and duration of action. The  fi rst- generation anti-
histamines, pheniramine and antazoline, are still 
available as over-the-counter products, particu-
larly in association with vasoconstrictors. The 
newer antihistamines have a longer duration of 
action (4–6 h) and are better tolerated than their 
predecessors [ 9 ]. These include levocabastine 
hydrochloride and emedastine difumarate. Both 
drugs are effective and well tolerated also in pedi-
atric subjects with allergic conjunctivitis. 

 Mast cell stabilizers inhibit degranulation by 
interrupting the normal chain of intracellular sig-
nals resulting from the cross-linking and activa-
tion of the high-affi nity IgE receptor (FcεRI) by 
allergen [ 13 ]. These drugs inhibit the release of 
histamine and other preformed mediators and the 
arachidonic acid cascade of mediator synthesis. 
Several mast cell stabilizers are available for use 
in the eye: cromolyn sodium 4 %, nedocromil 
sodium 2 %, lodoxamide tromethamine ophthal-
mic solution 0.1 %, spaglumic acid 4 %, and 
pemirolast potassium ophthalmic solution 0.1 %. 
These drugs are approved for the treatment of 
allergic conjunctivitis, VKC, and GPC with four 
times daily dosing regimen. Both mast cell stabi-
lizers and antihistamines have a good safety pro-
fi le and may be used in treating seasonal and 
perennial allergic conjunctivitis. 

 The antihistamines, azelastine, epinastine, 
ketotifen, and olopatadine, which have mast cell- 
stabilizing and additional anti-infl ammatory 
properties (called “double or multiple action”), 
are presently available and show evident benefi ts 
in treating all forms of ocular allergy. The advan-
tage offered by these molecules is the rapidity of 

symptomatic relief given by immediate 
histamine- receptor antagonism, which alleviates 
itching and redness, coupled with the long-term 
disease-modifying benefi t of mast cell stabiliza-
tion [ 1 ]. All these medications are well tolerated 
and none are associated with signifi cant acute 
ocular drying effects [ 54 ]. 

 Bepotastine besilate 1.5 % topical ophthal-
mic solution is a selective histamine1-receptor 
antagonist and mast cell stabilizer with inhibi-
tory effects on eosinophilic activity [ 31 ,  56 ]. 
Alcaftadine 0.25 % ophthalmic solution is 
approved in the USA for the treatment of itch-
ing from allergic conjunctivitis as a selective 
histamine1- receptor antagonist [ 55 ]. 

 The    use of nonsteroidal anti-infl ammatory 
drugs (NSAIDs) can be considered, in some 
cases, for a short period of time, but NSAIDs 
have limited effi cacy on ocular pruritus. 

 Corticosteroid formulations (including the 
so- called soft steroids) should be reserved for 
and carefully used only in the most severe cases 
that are refractive to other types of medications. 
Corticosteroids do not directly stabilize immune 
cell membranes and do not inhibit histamine 
release; however, they may modulate the mast 
cell response by inhibiting cytokine production 
and infl ammatory cell recruitment and activa-
tion. Thus, they are not the ideal therapy of 
choice for inhibiting the acute allergic reaction, 
but however, clinically, are the most effective 
anti- infl ammatory agents in active ocular allergy. 
Fluorometholone, medrysone, loteprednol, 
rimexolone, and desonide, called “soft” steroids, 
are considered to be those of choice when a mild, 
weakly penetrating drug is needed. In particular, 
loteprednol etabonate 0.2 % was more effective 
and had a safety profi le than placebo in the treat-
ment of seasonal allergic conjunctivitis [ 48 ].  

1.6.2.2     Topical Non-ocular 
Pharmacological Treatment 

 The effi cacy of intranasal corticosteroids in treat-
ing allergic nasal symptoms is well established. 
Recent data show a promising effect of intranasal 
corticosteroids on ocular symptoms of allergic 
rhinoconjunctivitis [ 40 ]. In SAC and PAC associ-
ated with allergic rhinitis, topical nasal steroids 
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(and particularly new molecules with low sys-
temic bioavailability, such as mometasone 
furoate and fl uticasone furoate) have been shown 
to control the nasal-ocular refl ex component of 
eye symptoms without increasing the risk of cata-
racts or of an increased ocular pressure. In fact, 
intranasal corticosteroids are considered safe due 
to their low systemic bioavailability. Analysis of 
an intranasal corticosteroid on individual ocular 
symptoms supported the positive impact of 
mometasone furoate on ocular symptoms [ 8 ]. 
Mometasone improved individual symptoms 
(eye itching, tearing, and redness) and 
 subject- reported total ocular symptom scores 
compared with placebo, in addition to its estab-
lished effi cacy in reducing nasal symptoms of 
seasonal allergic rhinitis [ 8 ].   

1.6.3     Systemic Pharmacological 
Treatment 

 Systemic antihistamines should be used in 
patients with concomitant major non-ocular 
allergic manifestations. In fact, allergic rhinocon-
junctivitis is an equally frequent condition gener-
ally treated with systemic antihistamines that 
have been proven effective in relieving nasal and 
conjunctival signs and symptoms [ 9 ]. When 
allergic symptoms are isolated, focused therapy 
with topical (ophthalmic) antihistamines is often 
effi cacious and clearly superior to systemic anti-
histamines, either as monotherapy or in conjunc-
tion with an oral or intranasal agent. 
First-generation H1-receptor antagonists may 
provide some relief of ocular itching but are 
sedating and have anticholinergic effects such as 
dry mouth, dry eye, blurred vision, and urinary 
retention. Second-generation antihistamines 
offer the same effi cacy as their predecessors but 
with a low-sedating profi le and lack of anticho-
linergic activity. These drugs include acrivastine, 
cetirizine, ebastine, fexofenadine, loratadine, and 
mizolastine. However, even their use has been 
associated with drying effects, particularly of the 
ocular surface [ 9 ]. Desloratadine and levocetiri-
zine are considered a subsequent evolution of 
these second-generation agents.  

1.6.4     Specifi c Immunotherapy 

 Allergen-specifi c immunotherapy (SIT) is indi-
cated only when a clearly defi ned systemic 
hypersensitivity to identifi ed allergens exists. 
The choice of the allergen to be employed for SIT 
should be made in accordance with the combina-
tion of clinical history and results of skin prick 
test. SIT is one of the cornerstones of allergic rhi-
noconjunctivitis treatment. Since the develop-
ment of noninvasive formulations with better 
safety profi les, there is an increasing tendency to 
prescribe immunotherapy in youngsters. In these 
cases, sublingual immunotherapy (SLIT), which 
is better tolerated in children [ 46 ], can be consid-
ered since it is equally effective as traditional 
subcutaneous injections. Since the approval of 
SLIT by the World Health Organization in 1988, 
the effi cacy and safety of SLIT have been con-
fi rmed in several new double-blind, placebo- 
controlled studies for mono-sensitized patients 
who are allergic to house-dust mites, grass pol-
lens, ragweed, and birch pollen. Documented 
immunological responses to SLIT have included 
decreased serum eosinophilic cationic protein 
and interleukin-13 (IL-13) levels, an elevation in 
IL-12 levels, a reduction in late-phase responses, 
and increases in IgG4/IgE ratios [ 46 ]. However, 
successful treatment requires at least 2 years of 
therapy and adjustment of tolerated doses during 
the pollen season.  

1.6.5     Treatment of GPC 

 Prevention is the most important management 
step in GPC. This involves prescription of the 
appropriate lens type and edge design and educa-
tion on strict lens hygiene. Enzymatic cleaning of 
the lens is essential to minimizing the accumula-
tion of lens coatings and removing protein 
buildup. The most essential treatment of early 
stage GPC is removal of the device that is caus-
ing the condition. In fact, patients are asymptom-
atic several days after discontinuation or removal 
of the contact lens, device, or suture. Re-initiation 
of lens wear with a clean lens or lens of a differ-
ent type or design may be attempted within days 
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of symptom resolution. Mild GPC symptoms 
may be alleviated by mast cell stabilizers or anti-
histamine agents. Tear substitutes can be used to 
minimize conjunctival trauma.  

1.6.6     Treatment of VKC 

 Treatment of VKC requires multiple approaches 
to include conservative measures and the use of 
drugs. Patients and parents should be made aware 
of the long duration of disease, its chronic evolu-
tion, and possible complications. The potential 
benefi ts of frequent hand and face washing along 
with avoiding eye rubbing have to be empha-
sized. Exposure to nonspecifi c triggering factors 
such as sun, wind, and salt water should be 
avoided. The use of sunglasses, hats with visors, 
and swimming goggles is recommended. 

 The use of drugs should be well planned in 
patients with a history of the disease. Mast cell 
stabilizers, including disodium cromoglycate, 
nedocromil, spaglumic acid, and lodoxamide, and 
topical antihistamines are initially used and con-
tinued at a decreasing frequency if effective. 
However, there is a lack of evidence to support the 
recommendation of one specifi c type of medica-
tion for treating this disorder [ 33 ]. Newer topical 
formulations with combined mast cell-stabilizing 
properties and histamine-receptor antagonist, 
such as olopatadine and ketotifen, may be more 
effective. Nonsteroidal anti- infl ammatory drugs 
such as ketorolac, diclofenac, and pranoprofen 
may be considered as steroid-sparing options. 
However, these drugs should be used for a limited 
period of time only. Oral aspirin at doses of 
0.5–1 g/day may be benefi cial. In VKC patients 
with extraocular allergies, systemic treatment 
with oral antihistamines or anti-leukotrienes can 
reduce the severity of ocular fl are-ups. 

 Moderate to severe VKC may require repeated 
topical steroid treatment to downregulate con-
junctival infl ammation. “Soft corticosteroids” 
such as clobetasone, desonide, fl uorometholone, 
loteprednol, and rimexolone may be considered 
preferentially as the fi rst corticosteroid prepara-
tions to be used carefully. A “pulsed” corticoste-
roid treatment is recommended, in addition to the 
continuous use of mast cell stabilizers and/or 

topical antihistamines. Doses are chosen based 
on the infl ammatory state. Instillation frequency 
of four times per day for 5–10 days is recom-
mended. The “harder” corticosteroid formula-
tions of prednisolone, dexamethasone, or 
betamethasone have to be used as a second line 
and as a last resort for the management of the 
most severe cases [ 28 ]. If a systemic hypersensi-
tivity to identifi ed allergens exists, specifi c 
immunotherapy may be considered. 

1.6.6.1     Cyclosporine and Other 
Immunosuppressive 
Treatments in VKC 

 Cyclosporine A is effective in controlling VKC- 
associated ocular infl ammation by blocking Th2 
lymphocyte proliferation and interleukin-2 pro-
duction [ 57 ]. It inhibits histamine release from 
mast cells and basophils through a reduction in 
interleukin-5 production and may reduce eosino-
phil recruitment and effects on the conjunctiva 
and cornea. Cyclosporine is lipophilic and thus 
must be dissolved in an alcohol-oil base. 
Unavailability of a commercial preparation of 
topical cyclosporine, technical diffi culties in dis-
pensing cyclosporine eyedrops, and legal restric-
tions in many countries on its topical use preclude 
its widespread use in the treatment of VKC. 

 Cyclosporine A (CsA) 1 % or 2 % emulsion in 
castor or olive oil can be considered for treatment 
of severe VKC and can serve as a good alterna-
tive to steroids [ 7 ,  25 ,  43 ,  47 ,  49 ]. Cyclosporine 
1 % was reported to be the minimum effective 
concentration in the treatment of vernal shield 
ulcer, with recurrence observed at lower concen-
trations [ 12 ]. In a randomized, controlled trial, 
the effects of 0.05 % topical cyclosporine were 
similar to placebo in the treatment of VKC [ 15 ]. 
Conversely, in another study, topical CsA 0.05 % 
decreased the severity of symptoms and clinical 
signs signifi cantly after 6 months and the need 
for steroids was reduced, suggesting that CsA at 
low doses is an effective steroid-sparing agent in 
severe allergic conjunctivitis [ 41 ]. Frequent 
instillation may be inconvenient but no signifi -
cant side effects of topical cyclosporine, except 
for a burning sensation during administration, 
have been reported. Thus, topical cyclosporine 
can control the symptoms of VKC, but further 
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 trials are required to establish the optimal con-
centration needed to treat the disease. 

 Short-term, low-dose, topical mitomycin-C 
0.01 % has been considered for acute exacerba-
tion periods of patients with severe VKC refrac-
tory to conventional treatment. A signifi cant 
decrease in signs and symptoms compared with 
the placebo group was shown at the end of the 
2-week treatment period [ 4 ]. Nevertheless, mito-
mycin- C is not approved for treatment of VKC. 

 Tacrolimus is a potent drug similar to cyclo-
sporine in its mode of action, but chemically dis-
tinct. A skin ointment of tacrolimus has recently 
been licensed for the treatment of moderate to 
severe atopic eyelid diseases [ 60 ]. Treated 
patients may be at increased risk of folliculitis, 
acne, and herpes simplex. A recent study reported 
great effi cacy of tacrolimus 0.1 % ointment in the 
treatment of severe VKC patients [ 19 ,  59 ]. 
Topical 0.005 % tacrolimus eyedrop seemed to 
be a safe and effective treatment for steroid- 
resistant refractory VKC; however, long-term use 
was needed to control the disease [ 24 ]. 

 Severe cases that do not respond to any of 
these topical therapies may require treatment 
with systemic corticosteroids (prednisone 1 mg/
kg a day) for a short period of time.   

1.6.7     Treatment of AKC 

 The overall management of AKC involves a multi-
disciplinary approach. Identifi cation of allergens 
by skin or blood testing is important for preventive 
measures. Cold compresses and regular lubrication 
may provide symptomatic relief. Tear substitutes 
help remove and reduce the effects of allergens and 
the release of mediators, thus reducing the potential 
for corneal involvement. Lid hygiene is essential: it 
prevents infectious blepharitis, improving meibo-
mian gland function and tear fi lm quality. 

 Prolonged use of topical anti-allergic drugs 
and mast cell stabilizers may be required. Topical 
antihistamines may be useful for the relief of 
itching, redness, and mucous discharge. Topical 
corticosteroids are effective, but should be used 
only when other topical treatments are not 
 providing suffi cient benefi ts. Brief periods of 
intensive topical corticosteroid therapy are often 

necessary to control the local infl ammation in 
severe cases. Topical cyclosporine may improve 
the signs and symptoms in steroid-dependent 
patients, thus reducing the need for corticoste-
roids to control the ocular surface infl ammation. 
Systemic antihistamines are often used to reduce 
itching and control widespread infl ammation in 
patients with active skin involvement. Systemic 
corticosteroids may be necessary in severe cases. 

1.6.7.1     Cyclosporine and Other 
Immunosuppressive 
Treatments in AKC 

 Topical CsA 2 % is an effective and safe steroid- 
sparing agent in AKC and, despite diffi culties in 
patient tolerance, improves symptoms and signs 
[ 20 ]. The lower dose of topical CsA 0.05 % seems 
to be safe and has some effect in alleviating signs 
and symptoms of severe AKC refractory to topi-
cal steroid treatment [ 3 ]. In a multicentered ran-
domized controlled trial, 0.05 % cyclosporine six 
times per day followed by four times per day was 
found to be effective in alleviating the signs and 
symptoms of AKC [ 3 ]. Although cyclosporine in 
a higher (1 %) concentration has been shown to be 
more effective, frequent instillations may com-
pensate for the low concentration of cyclosporine 
in the currently available commercial prepara-
tions in the USA and South America. 

 Topical immunomodulators such as tacroli-
mus have revolutionized the treatment of atopic 
dermatitis. Application of topical tacrolimus on 
eyelid skin may be effective for treatment of 
severe atopic dermatitis of the eyelids and may 
have secondary benefi ts for AKC [ 36 ,  38 ,  45 , 
 60 ]. Topical tacrolimus can be used for at least 1 
year without apparent adverse reaction in some 
patients, although possible adverse reaction 
should be carefully monitored. 

 Systemic cyclosporine may be an alternative 
to systemic corticosteroids for treatment of AKC. 
Atopic dermatitis patients with and without kera-
toconus deteriorate graft prognosis statistically 
signifi cantly. 

 In severe cases, systemic cyclosporine or 
tacrolimus may ameliorate both the dermatologic 
and ocular manifestations in severe patients who 
are refractory to conventional treatment ([ 14 ,  21 , 
 44 ,  50 ]).   
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1.6.8     Surgical Treatment of Severe 
Allergic Keratoconjunctivitis 

 Corneal complications have to be carefully moni-
tored and anti-infl ammatory therapy adjusted 
accordingly. Secondary microbial infection can 
be prevented by prescription of antibiotics for a 
period of 1 week. 

 Surgical removal of corneal plaques is recom-
mended to alleviate severe symptoms and to 
allow for corneal reepithelization. Giant papillae 
excision with or without combined cryotherapy 
may be indicated in cases of mechanical pseudo-
ptosis or the presence of coarse giant papillae and 
continuous active disease. A combined treatment 
regime consisting of surgical removal of giant 
papillae and supratarsal corticosteroid injection 
followed by cyclosporine (0.05 %) and cromolyn 
sodium eyedrops applied fi ve times daily has 
been proposed for the treatment of severe 
treatment- resistant shield ulcers [ 17 ,  52 ]. 

 Amniotic membrane grafts following keratec-
tomy have been described as a successful treat-
ment in deep ulcers, in cases with slight stromal 
thinning [ 42 ]. The amniotic membrane patch 
may be enough to achieve epithelization. This 
procedure prevents the presence of membrane 
remains under the epithelium, which can affect 
postoperative corneal transparency. 

 Excimer laser phototherapeutic keratectomy 
and CO 2 -assisted removal of giant papillae have 
been attempted in the treatment of shield ulcer 
with or without plaque [ 5 ]. 

 More invasive procedures such as oral muco-
sal grafting or supratarsal corticosteroid injec-
tions should be avoided.      
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2.1            Defi nition 

 Mucous membrane pemphigoid (MMP) is a sys-
temic autoimmune disease characterised by 
recurrent blistering of mucous membranes and 
the skin and healing with excessive scar tissue 
formation [ 1 ]. Ocular mucous membrane pem-
phigoid (OcMMP), without other signs of the 
disease, may occur in 50 % of cases referred to 
ophthalmologists [ 2 – 4 ] and is also known as ocu-
lar cicatricial pemphigoid (OCP). Ocular involve-
ment occurs in 70 % of all cases, and blindness 
can develop in 27 % [ 5 ]. Although MMP is an 
uncommon condition, with an incidence of 1.16 
per million population per year, ocular MMP 
remains one of the most diffi cult anterior seg-
ment conditions to manage for which appropriate 
treatment, started early, can prevent devastating 
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irreversible blindness. Whilst the average age of 
onset is 65 years, it can occur in children and 
young adults, and the disease appears to be more 
aggressive in younger patients [ 2 – 4 ]. 

 In this chapter, we summarise the pathogene-
sis, diagnosis and management of the ocular sur-
face complications and focus on the role of 
immune modulation in managing the infl amma-
tory component.  

2.2     Pathogenesis 

 This is summarised in Fig.  2.1 . An as-
yet-unknown trigger, often in a genetically sus-
ceptible individual (the HLA-DQB*0301 allele 
presents antigen to T cells), provokes loss of tol-
erance to one or more components of the base-
ment membrane zone (BMZ). Target antigens, 
components of the basement membrane, are 
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  Fig. 2.1    Proposed pathogenesis of infl ammation and fi brosis in ocular MMP 
  Injury phase : Autoreactive T cells recognise BMZ (basement membrane zone) antigens (BP180 bullous pemphi-
goid180 kDa antigen, laminin 5, collagen VII, α6β4 integrin) causing B cells in germinal centres to produce autoanti-
bodies IgG (immunoglobulin G) and IgA. These bind to the BMZ and initiate a type II cytotoxic hypersensitivity 
reaction, activating the complement cascade to cause subepithelial bulla formation. 
  Infl ammation and proliferation phase : Complement-mediated BMZ, epithelial and connective tissue damage causes 
vasodilation and release of blood cells and plasma proteins into the damaged site and attracts an acute infl ammatory cell 
infi ltrate consisting of neutrophils, activated macrophages, mast cells, platelets, Langerhans cells and lymphocytes, as 
well as acute infl ammatory cytokine IL-1 (interleukin-1) production. T-cell activation and proliferation characteristic of 
a Th1 (type 1 helper T cell) response occur, with IFN-γ (interferon gamma) and IL-2 (interleukin-2) production. Th2 
(type 2 helper T cell) cytokines IL-4 and IL-5 are also synthesised. Macrophages proliferate and play an important role 
in scar tissue formation and also contribute to production of the fi brogenic cytokines TGF-β (transforming growth factor 
beta) and PDGF (platelet-derived growth factor). 
  Fibrosis phase : Fibroblasts become activated, proliferate and synthesise increased extracellular matrix, CTGF (connec-
tive tissue growth factor), TGF-β and other cytokines. Endothelial cells may proliferate, forming fi brovascular granula-
tion tissue. The scar tissue is then remodelled, becoming less cellular, and the fi nal result is subconjunctival scarring. 
 Other abbreviations in this fi gure:  APC  antigen-presenting cell,  m - CSF  macrophage colony-stimulating factor,  MIF  
macrophage migration inhibitory factor,  NF - kB  nuclear factor-kappa B,  HSP47  heat-shock protein 47,  ECM  extracel-
lular matrix,  MMPS  matrix metalloproteinases,  TIMPs  tissue inhibitors of matrix metalloproteinases       
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BP180 (subsets LAD1 and Nc16A), β4 integrin, 
laminin 5 and type 7 collagen, amongst others. 
These targets may differ when the disease affects 
different sites, e.g. β4 integrin may be important 
in the development of the ocular disease. The 
loss of tolerance may be due to failure of central 
tolerance (e.g. failure to delete or cause anergy in 
BP180 reactive thymocytes) or failure of periph-
eral tolerance (due to defi ciency of regulatory 
T cells). Circulating T cells, autoreactive to the 
NC16A portion of BP180, have been detected 
in MMP [ 6 ]. These T cells generate specifi c 
B-cell clones, most likely in extraocular tissues, 
which produce circulating autoantibodies to 
BMZ glycoproteins. The autoantibodies gener-
ated (IgG and IgA) then bind to their specifi c 
antigen(s) in the BMZ, activating the comple-
ment cascade and initiating a type II cytotoxic 
hypersensitivity reaction. This in turn causes 
formation of subepithelial bullae in the skin 
and infl ammatory infi ltration of the substantia 
propria with predominance, in the acute stage, 
of neutrophils, macrophages and Langerhans 
antigen-presenting cells (APC), together with 
an increase in T cells. Further, T-cell expansion 
results from the production of proinfl ammatory 
cytokines such as interferon-γ resulting in fur-
ther T-cell expansion. Macrophages are brought 
in by platelet-derived growth factor (PDGF), a 
potent chemoattractant for both macrophages 
and fi broblasts. Tumour necrosis factor alpha 
(TNF-α) and interleukin-1 (IL-1) are pro-
duced by macrophages, which in turn infl uence 
T-helper (T H ) cells by antigen processing and 
presentation [ 7 ,  8 ].

   PDGF is also instrumental in upregulating 
thrombospondin which activates latent trans-
forming growth factor beta (TGF-β) that is an 
important activator of fi broblasts, mediating 
extracellular matrix production and scarring. 
IL-13 is another major profi brotic mediator, 
which is produced by T H2  cells, mast cells and 
basophils and is also upregulated in the conjunc-
tiva in MMP [ 8 ]. Activated fi broblasts increase 
extracellular matrix production infl uenced by 
connective tissue growth factor (CTGF), heat- 
shock protein (HSP), TGF-β and interleukin-4 
(IL-4) [ 9 ].  

2.3     Clinical Signs 

 Early diagnosis and initiation of appropriate 
treatment are essential to prevent the sight- 
threatening complications of mucous membrane 
pemphigoid. Ocular MMP typically presents 
with a red eye and persistent conjunctivitis that 
has not responded to topical therapy, or with 
recurrent cicatricial entropion and trichiasis, fre-
quently following failed surgical repair. It may 
also present with ptosis. About 10 % of patients 
present with acute conjunctivitis and limbitis 
(Fig.  2.2a ) leading to rapidly progressive scarring 
and surface failure if uncontrolled. However, the 
majority of patients present with subacute or low- 
grade chronic infl ammation and slowly progres-
sive scarring. The earliest clinical sign in patients 
with subacute disease is often medial canthal 
scarring, with loss of the plica and caruncle. 
Medial canthal scarring is usually an early sign of 

  Fig. 2.2    Severe ocular MMP 
before and after treatment       
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MMP and not as frequent in conjunctival scarring 
due to other causes. Linear scarring in the mar-
ginal sulcus of the upper tarsus is sometimes 
present early in the disease. Other signs, in order 
of progression, are subepithelial reticular fi bro-
sis; infi ltration of the tarsal and bulbar conjunc-
tiva; shortening of the fornices; symblepharon 
and cicatricial entropion, followed by ankylo-
blepharon; and, then, subsequent to scarring of 
the lacrimal ductules which usually occurs late in 
the disease, a totally dry “skinlike” eye. These 
signs are illustrated and described in a recent 
review by the authors [ 2 – 4 ].

2.4        Differential Diagnosis 

 Table  2.1  summarises many of the conditions that 
cause conjunctival scarring [ 2 – 4 ]. Progression of 
conjunctival scarring, including conjunctival 
scarring that is presumed to have progressed 
because of the absence of a previous history of 
eye disease, or the onset of cicatricial entropion, 
should alert the clinician to the possibility of 
MMP. This is complicated by a number of causes 
of chronic conjunctival infl ammation that can 
induce fi brosis. Table  2.1a  lists the disorders that 
are associated with conjunctival scarring that is 
either static, once the underlying disorder has 
been controlled or the precipitating drug with-
drawn, or only very slowly progressive having no 
functional signifi cance. A subset of patients with 
some of these disorders will develop severe pro-
gressive scarring similar to that in MMP.

   Table  2.1b  lists the disorders that more com-
monly cause progressive conjunctival scarring. 
Unilateral progressive scarring is uncommon and 
can be due to conjunctival tumours masquerading 
as MMP or secondary to drugs (usually given for 
the prolonged treatment of unilateral glaucoma 
or herpetic eye disease). The clinical progres-
sion that distinguishes most patients with MMP, 
and those subsets of the other mucocutaneous 
diseases that develop ocular disease like MMP, 
is that the scarring in these patients is rapidly 
progressive and functionally signifi cant. In these 
groups of patients, and those with drug-induced 
pemphigoid, treatment with  immunosuppressive 

therapy is usually necessary to control the under-
lying pathology that is causing progressive 
scarring. 

      Table 2.1    Differential diagnosis of cicatrising conjunctivitis   

  1a. Static or very slowly progressive conjunctival 
scarring  
 1. Trauma 

  Physical, chemical, thermal, radiation injury, artefacta 
 2. Infection 

 Trachoma, membranous streptococcal and adenoviral 
conjunctivitis,  Corynebacterium diphtheriae , chronic 
mucocutaneous candidiasis 

 3. Allergic eye disease 
 Atopic keratoconjunctivitis 

 4. Drug-induced conjunctival cicatrisation a  
 5. Mucocutaneous disorders 

 Stevens-Johnson syndrome and toxic epidermal 
necrolysis a  
 Graft-versus-host disease 

 6. Immunobullous disorders 
 Linear IgA disease a , epidermolysis bullosa acquisita a  
  Dermatitis herpetiformis, bullous pemphigoid 
 Pemphigus vulgaris 
 Discoid and systemic lupus erythematosus b  

 7. Systemic disease 
 Rosacea, Sjögren’s syndrome, infl ammatory bowel 
disease, sarcoidosis, scleroderma, immune complex 
diseases, ectodermal dysplasia, porphyria cutanea 
tarda, erythroderma ichthyosiform congenita 

  1b. Progressive conjunctival scarring  
 1. Neoplasia 

 Squamous cell carcinoma, sebaceous cell carcinoma, 
lymphoma 

 2. Mucous membrane pemphigoid (MMP) 
 (a) MMP with ocular involvement 
 (b) Ocular MMP associated with other disorders 
  Linear IgA disease 
  Epidermolysis bullosa acquisita 
  Paraneoplastic MMP 
  Drug-induced ocular MMP 
   Stevens-Johnson syndrome 

 3. Other mucocutaneous and immunobullous disorders 
 (a) Mucocutaneous disorders 
  Lichen planus 
 (b) Immunobullous disorders 
  Paraneoplastic pemphigus 

   a A subset of patients with these diseases may develop 
autoantibody-positive progressive conjunctival scarring 
similar to MMP 
  b Rare cases can develop progressive scarring  
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 The conjunctival signs in MMP may be 
identical to those observed in other mucocu-
taneous disorders (graft-versus-host disease, 
Stevens- Johnson syndrome, lupus erythemato-
sus, lichen planus) and other immunobullous 
disorders (bullous pemphigoid, linear IgA dis-
ease, epidermolysis bullosa acquisita, derma-
titis herpetiformis) although the conjunctival 
signs in the majority of patients with the latter 
disorders are mild. In many of these mucocu-
taneous and immunobullous disorders, the skin 
or oral disease precedes the eye disease so that 
there is rarely confusion about the diagnosis 
although clinicians may not be aware of the 
potential for progressive conjunctival scarring 
in a subset of this group and the fact that sub-
groups of patients with predominantly mucosal 
linear IgA disease and epidermolysis bullosa 
acquisita are currently recognised as a form 
of MMP. In Stevens-Johnson syndrome, major 
exacerbations of conjunctival infl ammation 
can occur many years after the acute disease, 
leading to a condition indistinguishable from 
MMP, both in terms of the clinical signs and 
immunopathology. 

 Apart from topical medication-related dis-
ease, ocular MMP usually affects both eyes, but 
the signs and disease progression can be very 
asymmetric. It is said that the occasional patient 
presenting with unilateral ocular MMP typi-
cally develops fellow eye involvement within 2 
years.  

2.5     Immunopathological 
Investigations [ 2 – 4 ,  10 ,  11 ] 

 A clinical diagnosis of ocular mucous membrane 
pemphigoid can be made based on a history of 
progressive conjunctival scarring and the pres-
ence of typical clinical signs, after exclusion of 
other causes of conjunctival scarring. Most of the 
disorders in Table  2.1  can be identifi ed or 
excluded by an accurate history, systemic exami-
nation and laboratory investigations including a 
connective tissue disease antibody screen and 
specialist referral for evaluation and biopsy of 
any skin and mouth lesions. 

2.5.1     Histology 

 Ideally, the clinical diagnosis requires laboratory 
evidence of the presence of an autoimmune dis-
ease process with a biopsy from at least one site 
(skin, buccal, genital, nasopharyngeal or conjunc-
tival mucosa) being positive on direct immuno-
fl uorescence (DIF) showing linear deposition of 
IgG, IgA and/or complement along the epithelial 
basement membrane zone (BMZ). This has been 
recommended as a mandatory requirement for 
the diagnosis of MMP [ 1 ]. DIF is almost always 
positive in MMP that involves tissues other than 
the eye. However, conjunctival DIF is positive 
in only 60–86 % cases of ocular MMP, and the 
results can be initially positive then subsequently 
negative, and vice versa, during the course of the 
disease, apparently unrelated to disease activ-
ity or treatment, so that ocular MMP cannot be 
excluded by a negative DIF result. 

 For these reasons, although a positive DIF result 
is useful and can also distinguish MMP from dis-
eases such as lichen planus, lupus erythematosus or 
pemphigus vulgaris, which have characteristic 
immunopathological features of their own, a nega-
tive result is not conclusive. DIF is not a specifi c or 
sensitive test for MMP; although DIF for IgG, IgA 
and/or complement is characteristic of MMP, iden-
tical biopsy fi ndings are found in bullous pemphi-
goid, which has to be distinguished by the clinical 
fi ndings. In addition, a positive DIF result has been 
reported in ocular rosacea and ulcerative colitis. In 
effect, a positive DIF result is used as a surrogate to 
provide evidence for an autoimmune pathogenesis. 

 However, bulbar conjunctival biopsy is easy 
and safe providing the fornix is avoided and we 
recommend that both conjunctival and buccal 
biopsies (buccal biopsies are occasionally posi-
tive in patients without buccal symptoms when 
conjunctival biopsies are negative) are taken. 
They need to be processed in a laboratory that is 
experienced in this investigation. 

 Routine histopathology is of little value for 
the diagnosis of MMP because the conjunctiva is 
fragile and detection of basement membrane 
zone cleavage unreliable. However, it is manda-
tory to exclude neoplasia and can help diagnose 
atopic disease and sarcoidosis.  
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2.5.2     Serology 

 The potential value of indirect immunofl uores-
cence (IIF) in MMP has been overlooked. 
Although often negative in MMP, positive indirect 
immunofl uorescence showing circulating anti-
basement membrane zone antibodies also provides 
evidence for an underlying autoimmune pathology 
and may be positive when DIF is negative. 
Research is underway to develop more sensitive 
and specifi c assays for detection of these autoanti-
bodies. If antibody can be detected and a titre 
obtained, the titres correlate with disease activity.   

2.6     Diagnostic Criteria 
for Ocular MMP 

 We propose three sets of criteria for the diagnosis 
of OcMMP:
    (a)    Patients with positive conjunctival DIF or 

positive DIF from another site meet currently 
agreed criteria [ 1 ].   

   (b)    Patients with negative DIF from any site and 
positive indirect immunofl uorescence can be 
diagnosed as having MMP.   

   (c)    Patients with negative immunopathology can 
be diagnosed with OcMMP providing that 
they have a typical phenotype of progressive 
conjunctival scarring and that other diseases 
that may cause this phenotype have been 
excluded. When ocular cases are reported, 
the detailed immunopathology fi ndings 
should be recorded so that the diagnosis can 
be interpreted in light of future modifi cations 
to diagnostic criteria.      

2.7     Treatment 

 Disease progression is multifactorial (Fig.  2.3 ) 
and due to a combination of underlying immune- 
mediated infl ammation, local ocular surface dis-
ease and scarring, each of which perpetuates 
infl ammation leading to progressive scarring. 
Initial management is directed at treating the 
local ocular surface disorders that in themselves 
cause infl ammation. These include blepharitis, 
dry eye, microbial infection, toxicity to topical 

medications, exposure secondary to lagophthal-
mos and ocular surface trauma secondary to 
entropion and trichiasis. The ocular surface dis-
ease management in OcMMP is described in 
detail in another review [ 2 – 4 ] and this chapter 
focuses on the role of immunosuppressive ther-
apy described below.

2.7.1       When Is Infl ammation 
due to Autoimmune 
Disease Activity? 

 Persisting infl ammation, following optimal ocular 
surface disease treatment, is due to the underlying 
autoimmune disease and usually requires systemic 
immunosuppression. Whether the underlying 
autoimmune disease is active is best evaluated by 
examining the upper bulbar conjunctiva for infl am-
mation, which is least likely to be affected by 
exposure, trichiasis and lid margin disease. There 
is no evidence that topical therapy alters the natu-
ral history of the disease [ 12 ,  13 ]. About 25 % of 
OcMMP patients do not require immunosuppres-
sion [ 14 ] as they have mild disease. In end-stage 
“burned out” disease, immunosuppression is also 
unnecessary as treatment can only arrest scarring, 
not reverse it; however, if conjunctival incision 
surgery, such as that required for fornix recon-
struction, is planned in these patients, then immu-
nosuppression must be started beforehand to 
prevent an exacerbation of postoperative infl am-
mation and scarring leading to a poor surgical 
result and further progression of disease.  

Surface disease

Disease progression

Scarring
Toxicity

Infection

Immune-mediated
inflammation

Leading to:
Terminally dry eye
Surface failure
Corneal blindness

Trichiasis and entropion
Blepharitis and dry eye
Persistent epithelial defect
Surface failure

  Fig. 2.3    Factors affecting disease progression in ocular 
MMP       
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2.7.2     Evidence for the Use of 
Topical Immunosuppressive 
Therapy 

 Topical steroid treatment is ineffective in con-
trolling progressive ocular MMP, offering only 
variable symptomatic relief [ 5 ,  12 ]. Its adverse 
effects of cataract and glaucoma generally out-
weigh the benefi ts. Subconjunctival steroids 
may be temporarily effective, but relapses 
occur when the injections are stopped [ 12 ] and 
prolonged use also leads to cataract and glau-
coma. Topical ciclosporin has been used in 
only four reported cases of whom two had 
some response [ 15 ]; we have no experience 
with this and it is probable that the poor results 
reported for systemic therapy with ciclosporin 
may have inhibited further investigation of this 
modality.  

2.7.3     Evidence for the 
Effect of Systemic 
Immunosuppression on 
Progression of Disease 

 The primary goals of treatment of ocular MMP 
are to control infl ammation and arrest fi brosis, 
in order to prevent progression of disease to 
more advanced stages and blindness. Optimal 
management of infl ammation in ocular MMP 
targets the infl ammation due to systemic immu-
nodysregulation with immunosuppressive 
agents, after treating infl ammation due to local 
surface disease (blepharitis, trichiasis, dry eye), 
infection and toxicity [ 2 – 4 ]. Most cicatrisation 
is believed to occur during active infl ammation 
[ 12 ], but despite control of infl ammation in 
70 % of patients with systemic immunosuppres-
sion, progressive fi brosis is still observed in 
53 % [ 2 – 4 ]. Without treatment, conjunctival 
scarring in ocular MMP progresses in 64 % of 
patients over 10–53 months [ 16 ]. Progression is 
more frequent in the advanced stages of disease 
[ 17 ]. Use of immunosuppressive therapy has 
been shown to slow progression of disease in 
one case series [ 17 ] and control of infl ammation 
has been shown to prevent progression in one 
RCT [ 13 ].  

2.7.4     Evidence for the Effi cacy of 
Different Immunosuppressive 
Regimens in Controlling 
Infl ammation 

 Evidence for the effect of current immunosup-
pressive therapy in ocular MMP is summarised in 
Table  2.2  and comes from cohort studies [ 18 ,  19 ], 
interventional and retrospective case series [ 2 – 4 , 
 11 ,  16 ,  20 – 29 ] and two randomised trials [ 13 ]. 
These have indicated a role for dapsone, sul-
phasalazine or sulphapyridine for mild to moder-
ate infl ammation; azathioprine, mycophenolate 
or methotrexate for moderate infl ammation or for 
disease not responding to sulphonamide therapy; 
and cyclophosphamide together with a short 
course of prednisolone for severe infl ammation. 
Interpretation of the results of the studies in this 
evidence base must be made with caution for sev-
eral reasons.

   Many of these reports are limited to a descrip-
tion of the relatively short-term effects of mono-
therapy, whereas, in many clinics, more than one 
drug is used and the outcomes vary from success, 
through qualifi ed success (infl ammation that was 
partially controlled, with some residual infl am-
mation) [ 2 – 4 ], to failure. Three large case series, 
from centres with a special interest in MMP, place 
the studies in Table  2.2  in the context of the pro-
longed treatment required for this chronic lifelong 
disease. Of 61 patients with 12–264 months fol-
low-up (FU) [ 30 ], the following drugs were used: 
dapsone in 51, methotrexate in 24, azathioprine in 
23, cyclophosphamide in 15, prednisolone (always 
as adjunctive therapy) in 17, calcineurin antago-
nists in 6 and intravenous immunoglobulin in 8. Of 
the 61 patients, 22 % had one drug, 37 % had two 
drugs, 21 % had three drugs and 10 % had 4 drugs. 
Outcomes of therapy with individual drugs or com-
binations cannot be established from this paper; 
however, 90 % of patients had disease control using 
this approach. Of 78 patients [ 29 ] with 3 months to 
17 years FU, 68 had initial combined therapy of 
which 63 had cyclophosphamide and prednisolone 
combination therapy. The success at 1 year, for all 
therapies, was 82.9 %. In a subset of 44 patients 
treated with cyclophosphamide and prednisolone, 
91 % were in remission 2 years after initiation 
of therapy (reported in Table  2.2 ); the signifi cant 
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      Table 2.2    Results of studies reporting the effi cacy of immunosuppressive agents in controlling infl ammation in MMP   

 Immunosuppressive agent  Study 
 Severity of 
infl ammation 

 % of patients or  eyes  
responding to treatment 

 Nicotinamide and tetracycline  Reiche et al. [ 33 ]  Mild to moderate  63 ( n  = 8) extraocular and 
ocular MMP 

 Dapsone  Rogers et al. [ 20 ]  Mild to moderate  83 ( n  = 24) extraocular and 
ocular MMP 

 Tauber et al. [ 11 ]  Mild to moderate  45 ( n  = 69) ocular MMP 
 Foster [ 13 ]  Mild to severe  70 ( n  = 20) ocular MMP 

 Sulphapyridine  Elder et al. [ 25 ]  Mild to moderate  50 ( n  = 20) ocular MMP 
 Sulphasalazine  Doan et al. [ 26 ]  Mild to moderate  45 ( n  = 9) ocular MMP 
 Azathioprine  Tauber et al. [ 11 ]  Mild to moderate  33 ( n  = 11) ocular MMP 
 Methotrexate  McCluskey et al. [ 28 ]  Mild to moderate  83 ( n  = 12) ocular MMP 
 Cyclophosphamide and steroids  Thorne et al. [ 29 ]  Mild, moderate and 

severe 
 91 ( n  = 44) ocular MMP 

 Elder et al. [ 23 ]  Severe  15/19  eyes  (79 %) ocular MMP 
 Foster [ 13 ]  Severe  100 ( n  = 12) ocular MMP 

 Cyclophosphamide  Tauber et al. [ 11 ]  Severe  89 ( n  = 9) ocular MMP 
 Tacrolimus  Letko et al. [ 27 ]  Severe  33 ( n  = 6) ocular MMP 
 Ciclosporin  Neumann et al. [ 21 ], 

Foster et al. [ 22 ] a  
 Mild to moderate  2/22 patients (9 %) ocular 

MMP 
 Mycophenolate  Zurdel et al. [ 37 ]  Severe  9/10 eyes (90 %) ocular MMP 
 IVIG  Letko et al. [ 66 ], Sami 

et al. [ 42 ] b  
 Moderate and severe  89 patients ( n  = 18) ocular 

MMP 
 Infl iximab, etanercept  John et al. [ 47 ], Prey 

et al. [ 49 ], Sacher et al. 
[ 31 ], Canizares et al. 
[ 43 ], Heffernan and 
Bentley [ 45 ] 

 Moderate and severe  100 ( n  = 7)c     ocular and 
extraocular MMP 

 Rituximab  Le Roux-Villet et al. 
[ 55 ], Taverna et al. [ 51 ], 
Ross et al. [ 52 ], 
Schumann et al. [ 53 ], 
Lourari et al. [ 54 ] 

 Severe  84 ( n  = 32)   ocular and 
extraocular MMP 

 IVIG and rituximab  Foster et al. [ 56 ]  100 ( n  = 6) ocular MMP 
 Daclizumab  Papaliodis et al. [ 59 ]  Moderate  100 ( n  = 1) ocular MMP 
 Oral corticosteroids  Hardy et al. [ 5 ], 

Mondino et al. [ 12 ], 
Foster [ 13 ] 

 Mild, moderate and 
severe 

 65 ( n  = 23)e   ocular MMP 

 Pentoxifylline +
cyclophosphamide + steroids 

 El Darouti et al. [ 67 ]  Mild, moderate and 
severe 

 80 ( n  = 15) ocular MMP 

  Randomised trials  
 Cyclophosphamide and 
short-term oral prednisolone 
versus oral prednisolone alone 

 Foster [ 13 ]  Severe  ( n  = 24) 12/12 responded to 
cyclophosphamide and oral 
prednisolone versus 5/12 to oral 
prednisolone. No progression 
of disease in cyclophosphamide 
group versus 7/12 progressing 
in prednisolone group 

 Dapsone versus 
cyclophosphamide 

 Foster [ 13 ]  Severe  ( n  = 40) 14/20 responded to 
dapsone versus 20/20 to 
cyclophosphamide 

   a Combined results of two case series 
  b Combined results of two case series 
  c Combined results of fi ve case series 
  d Combined results of one series and four case reports 
  e Combined results of one large series and three case reports  

J.K.G. Dart and V.P.J. Saw



27

complication rates associated with this therapy are 
described. Relapse rates for therapy were given at 
0.04 % (95 % CI, 0.02–0.09) per person year. As 
for the previous series, it was not possible to estab-
lish the success rates for other individual combina-
tions. Of 115 patients [ 2 – 4 ] with 6 months to 11 
years FU, analysis of drug therapy is by treatment 
episode to take into account changing therapy over 
time. There were 388 episodes for 115 patients of 
whom 23 % had one episode, 26 % had two and 
44 % had 3–10 episodes. Combination therapy was 
used in 47 % of episodes. Outcomes for the prin-
cipal agents used in a treatment episode are given 
in Table  2.2 . 

 Although effective at controlling acute disease 
activity because of their rapid onset of action, 
high-dose oral corticosteroids alone, without 
steroid- sparing immunosuppressants, are no lon-
ger used [ 5 ,  12 ]. This is because the high doses 
required to sustain disease control (greater than 
40 mg prednisolone daily) lead to severe adverse 
effects including hypertension, diabetes, osteo-
porosis, peptic ulcer, myopathy and psychosis 
[ 13 ] in this elderly patient population. For severe 
disease, one randomised controlled trial found 
incomplete disease control with high-dose oral 
steroids, and in those with control, recurrence of 
disease activity recurred when corticosteroid 
doses were tapered, and the response was incom-
plete in 58 % of patients [ 13 ]. For these reasons, 
oral corticosteroids are useful in acutely infl amed 
eyes as a short 6- to 12-week course in combina-
tion with, and whilst awaiting the onset of effect 
of, immunosuppressive medication [ 1 ,  22 ]. 

 The use of pulse intravenous methylpredniso-
lone (IVMP) or dexamethasone to control active 
infl ammation is mentioned in the management of 
ocular and extraocular MMP [ 28 ,  32 ]; however, 
there are no studies evaluating its effi cacy specifi -
cally in ocular MMP. Equivalent doses of oral pred-
nisolone have been shown to give similar  clinical 
and immunological effects when compared with 
pulse IVMP in rheumatoid arthritis [ 33 ]. 

 The calcineurin inhibitors, cyclosporin and 
tacrolimus, have failed to control infl ammation in 
several studies [ 21 ,  22 ,  27 ], and their use in ocu-
lar MMP cannot be recommended on the basis of 
current evidence. Tetracycline and nicotinamide 

have been reported as safer alternatives to immu-
nosuppression in mild to moderate extraocular 
and ocular MMP [ 34 ,  35 ], and mycophenolate 
mofetil has been described as being effective in 
extraocular MMP [ 36 ,  37 ] as well as ocular MMP 
[ 2 – 4 ,  38 ].  

2.7.5     Does Control of Infl ammation 
Prevent Fibrosis? 

 With current immunosuppressive regimens, pro-
gression of cicatrisation has still been observed in 
10–53 % of ocular MMP patients [ 17 ,  25 ,  30 ]. 
There is also small subgroup of MMP patients 
with ocular involvement who appear to have 
ongoing conjunctival fi brosis without overt clini-
cal signs of infl ammation [ 39 ]. Despite the 
absence of clinical signs of infl ammation, there 
may still be signifi cant cellular infi ltrate on histo-
logical evaluation (“white infl ammation”) [ 40 , 
 41 ]. Further systemic immunosuppression with 
potential systemic toxicity may not necessarily 
be helpful in these cases, for whom more specifi c 
local therapy targeting the cellular infi ltrate or 
fi brogenic process would be ideal. There is evi-
dence for both ongoing residual subclinical 
infl ammation [ 7 ,  8 ] and transformed profi brotic 
fi broblasts [ 9 ] as the putative drivers of scarring 
which progresses, despite apparent clinical con-
trol of infl ammation with systemic immunosup-
pression. No current medical therapy is able to 
reverse the cicatrisation or ocular surface prob-
lems once they have developed.  

2.7.6     How Is Immunosuppressive 
Therapy Given? 

 We recommend giving systemic immunosup-
pression using a stepladder strategy (Fig.  2.4 ) in 
which the risk of a poor initial response in mild 
and moderate disease is justifi ed by less toxicity 
with undiminished prospects of later success with 
more toxic agents, whereas in severe disease, ini-
tial treatment with toxic agents, such as cyclo-
phosphamide, is justifi ed. Immunosuppressive 
therapy can be administered with the help of an 
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experienced physician. We manage therapy with 
the myelosuppressives and sulphonamides our-
selves and share the care of those few patients 
currently requiring biological therapy with phy-
sicians experienced in their use. Table  2.3  sum-
marises the doses, side effects and strategies for 
identifi cation and prevention of side effects for 
the immunosuppressives used in OcMMP.

    Briefl y, for “step-up” therapy, dapsone (diami-
nodiphenylsulfone, 25–50 mg bd) or sulphapyri-
dine (500 mg od to 500 mg bd, given as 
sulphasalazine 500–1,000 mg bd when sulpha-
pyridine is unavailable) or methotrexate is 
 prescribed for mild or moderate infl ammation. 
For disease not responding after 2–3 months of 
fi rst- line therapy, azathioprine (1–2.5 mg/kg/day) 
is added (when there is some response) or substi-
tuted (if there is no response) for these fi rst-line 
agents. For those intolerant of azathioprine, 
mycophenolate mofetil (500 mg–1 g bd) is effec-
tive [ 2 – 4 ]. Severe infl ammatory disease is treated 
at the top of the stepladder with cyclophospha-

mide (1–2 mg/kg/day). As optimal effects with 
cyclophosphamide are not achieved until 
8–12 weeks following the initiation of therapy, an 
adjunctive tapering 6–8-week course of oral cor-
ticosteroids (prednisolone commencing at 
1–2 mg/kg/day) is employed, sometimes in con-
junction with intravenous pulses of methylpred-
nisolone (500 mg–1 g, up to three doses over 
three days). Due to an increased risk of bladder 
carcinoma, the safe duration of treatment with 
cyclophosphamide is limited to 12 months, so 
immunosuppression is “stepped down” to the 
less toxic medications azathioprine, mycopheno-
late, methotrexate or dapsone at the end of this 
period. Combination therapy is used for resistant 
cases and includes the combination of a sulpha 
(dapsone, sulphapyridine) and myelosuppressive 
agent (azathioprine, mycophenolate, cyclophos-
phamide) and/or the addition of prednisolone. 
High-dose oral corticosteroid does not have any 
role in long-term management, as the high doses 
required to control disease cannot be sustained 

Immunosuppression in ocular MMP

i.v. immunoglobulin
and/or biologicals

Drugs in
different
colour
groups
can be
combined

Add high dose oral and i.v. steroids over
6–8 weeks for rapid onset of effect

Cyclophosphamide

Mycophenolate Mycophenolate

AzathioprineAzathioprine

Methotrexate Methotrexate

For mild
MMP

Dapsone or
sulphapyridine

Dapsone or
sulphapyridine

  Fig. 2.4    Stepladder therapy for ocular MMP. Drugs in different  colour  groups can be combined. For example, a patient 
might be given steroids, cyclophosphamide and a biological or sulphonamide       
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due to adverse side effects [ 5 ], and the infl amma-
tion quickly recurs when the dose is reduced. 

 Once complete control of infl ammation has been 
achieved (Fig.  2.2b ), immunosuppression is contin-
ued for at least 12 months. Following this, the dose 
is slowly tapered and can be stopped if the patient 
wishes, providing they understand that it must be 
recommenced if disease activity recurs. Lifelong 
follow-up is necessary, because disease recurs in up 
to one third of patients [ 22 ]. If the disease has been 
severe and resulted in loss of useful vision in one 
eye, lifelong therapy is recommended.  

2.7.7     Side Effects of Treatment 
and Monitoring for Toxicity 

 Blood pressure, blood glucose and blood tests 
must be evaluated weekly upon the initiation of 
therapy, and thereafter two weekly or monthly in 
all patients on immunosuppression, to screen for 
drug-related toxic side effects. These agents 
should be used by physicians experienced in 
administering immunosuppressive agents and 
many ophthalmologists work with rheumatolo-
gists to achieve this. In patients taking cyclophos-
phamide, lymphopenia is universal and used to 
titrate treatment; the target lymphocyte count is 
0.5–1.0 × 10 9  cells/ml [ 23 ,  24 ]. Table  2.3  sum-
marises side effects and toxicity monitoring rec-
ommendations for the immunosuppressives used 
for the management of MMP.  

2.7.8     Alternative 
Immunosuppressive 
Regimens 

 Alternatives to conventional immunosuppres-
sive therapy have been sought where ocular 
MMP is resistant to treatment or in patients 
who have been unable to tolerate conventional 
immunosuppressants. 

2.7.8.1     Intravenous Immunoglobulin 
 Severely active ocular MMP resistant to con-
ventional immunosuppressive therapy has been 
treated with intravenous immunoglobulin (IVIg) 

in several case series [ 41 ,  42 ,  66 ]. A major disad-
vantage of intravenous immunoglobulin therapy 
is its dependence on donated blood, an increas-
ingly scarce and expensive resource. In one 
series, during a national blood shortage, patients 
received one fourth to one third of previous 
doses, and every one of the ten patients relapsed 
with dose reduction, albeit recovering full control 
within four cycles of full-dose IVIg [ 41 ]. Sudden 
discontinuation of IVIg therapy in two patients 
resulted in severe recurrence and loss of vision 
[ 42 ]. This is worrying because it is sometimes 
not possible for patients to present for therapy 
depending on emergencies and personal situa-
tions. Another disadvantage is the inconvenient 
and costly treatment regime. An infusion cycle of 
4 h daily on 3 consecutive days is required every 
2 weeks until clinical improvement and then 
every 3–4 weeks, increasing to 16-week intervals 
for a total of 25–43 months. The main benefi ts 
of IVIg appear to be its minimal side effects and 
effectiveness in disease refractory to conven-
tional immunosuppression, although the studies 
are small and not randomised.  

2.7.8.2     Tumour Necrosis Factor-α 
Antagonists 

 Case reports and small series of patients with 
MMP resistant to conventional immunosup-
pressive therapy have been described as improv-
ing after receiving the TNF-α antagonists 
etanercept ( n  = 6) or infl iximab ( n  = 1) or adjuvant 
 pentoxifylline ( n  = 15) [ 31 ,  43 – 49 ]. This treat-
ment was given either alone or in combination 
with dapsone or other immunosuppressive ther-
apy. In some cases, continued TNF-α antagonist 
treatment was not necessary after achieving ini-
tial disease control, but in many cases, weekly 
etanercept treatment was ongoing at the time of 
reporting. 

 Conjunctival    tissue expression of TNF-α has 
been demonstrated, with decreased but persis-
tently elevated levels of expression in “white” 
eyes following immunosuppressive therapy [ 7 ]. 
Tissue expression appears to be important 
because in rheumatoid arthritis, whilst there is no 
evidence that plasma TNF-α levels can predict 
the clinical response to TNF-α antagonists, 
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synovial expression of TNF-α appears to be a sig-
nifi cant predictor of response to TNF-α antago-
nists [ 46 ]. Serum levels of TNF-α are elevated in 
MMP compared to normal controls [ 48 ]. 

   Rituximab 
 There is currently a lot of interest in the use of 
rituximab, a monoclonal antibody directed against 
CD20-positive B cells, for the management of 
immunobullous disease in general as well as for 
the treatment of cases of ocular MMP refractory to 
treatment with  conventional  immunosuppression 
using nonbiological drugs. This therapy is likely to 
be useful in preventing pathogenic autoantibody 
production by B cells. Limitations in delivery of 
this biological have been the expense and lack of 
evidence from randomised controlled trials, which 
have proved impossible to conduct to date. The 
evidence available is from case series reporting the 
successful use of rituximab in 40 cases (25 with 
ocular involvement) of severe refractory MMP not 
responding to conventional immunosuppression 
[ 50 – 55 ] including a study of 6 patients with severe 
ocular MMP treated with rituximab and IVIg [ 56 ]. 
These results are given in detail in Table  2.4 .

      Serious Side Effects Probably due to 
Rituximab in These Series 
 Three patient in these series developed serious 
infections (two pulmonary and one renal), lead-
ing to two deaths [ 55 ]. These were attributed to 
pretreatment hypogammaglobulinaemia and the 
concomitant use of additional immunosuppres-
sants. Lourari et al. reported a sudden death 
shortly after giving rituximab which may have 
been due to cardiac disease [ 54 ]. However, these 
severe side effects are uncommon except when 
combined with other immunosuppressants [ 57 ] 
and may also occur with conventional drugs like 
cyclophosphamide, such that a recent dermatol-
ogy editorial has asked whether rituximab might 
be considered a drug of fi rst choice in MMP [ 58 ].  

   Recommended Protocol 
for the Use of Rituximab 
 In the absence of clinical trials and studies 
comparing the use of 2 infusions (of 375 mg/
m 2 ) given 2 weeks apart versus 4 infusions (of 

375 mg/m 2 ) given weekly for 4 weeks, together 
with the reports of responders following a sec-
ond cycle of infusions at 4 months [ 55 ], we have 
been recommending 2 infusions (of 375 mg/m 2 ) 
2 weeks apart, repeated at 4 months if there is 
an inadequate response or a relapse. Because of 
the risk of life-threatening pulmonary infection 
attributed to the concomitant use of additional 
immunosuppressant’s [ 55 ], we have discontinued 
all other immunosuppressants at the time of the 
fi rst infusion of rituximab, apart from dapsone 
which has been continued, or started, unless oth-
erwise contraindicated (Table  2.4 ).  

   Other Biological Drugs 
 Daclizumab, a monoclonal antibody which binds 
CD25 (Tac subunit) of the human IL-2 receptor 
which is expressed on activated T lymphocytes, 
has been used successfully in one patient with 
ocular MMP [ 59 ]. Its use in ocular MMP has not 
been investigated further. 

 Systemic administration of Campath-1H 
(alemtuzumab), a monoclonal antibody against 
CD52, which is the most prevalent cell-surface 
antigen on lymphocytes, particularly T cells, has 
been reported to induce long-lasting remission in 
patients with severe refractory noninfectious 
ocular infl ammatory disease [ 60 ]. It has been 
given systemically by us to one patient with ocu-
lar MMP (unpublished data) but was  unfortunately 
unsuccessful in controlling infl ammation, and the 
patient developed atrial fi brillation.     

2.8     Control of Fibrosis 

 Currently, the only demonstrated means of slow-
ing the progression of scarring is good control of 
infl ammation with systemic immunosuppression. 
Mondino et al. have previously reported success 
with systemic corticosteroids in suppressing acute 
disease activity and preventing the rapid shrinkage 
that accompanies active ocular MMP [ 16 ]. Therapy 
specifi cally targeted at fi brosis in MMP is limited. 
Local therapies for conjunctival scarring would 
be ideal. Mitomycin C, an alkylating agent which 
inhibits DNA synthesis and prevents fi broblast pro-
liferation, has been injected  subconjunctivally [ 61 ] 
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or applied  intraoperatively following division of 
symblephara in patients with ocular MMP [ 62 ] but 
no controlled treatment trials have been carried out. 
In the Donnenfeld study, absence of progression at 
a mean of 2 years was observed in 8/9 eyes receiv-
ing the subconjunctival mitomycin C injection, 
and there was no recurrence of symblephara at 19 
months. Subconjunctival mitomycin C is not widely 
used in clinical practice for ocular MMP for several 
reasons, including variable effi cacy, the adverse 
effect of tissue ischaemia which may affect the suc-
cess of mucous membrane graft reconstructive sur-
gery and the potential risk of damaging limbal stem 
cells. In Donnenfeld’s series, all eyes receiving sub-
conjunctival mitomycin C were Foster stage 3 with 
minimal or no infl ammation. It may be that giving 
the injection at an earlier stage, whilst the disease is 
active, could prevent cicatrisation more effectively.  

2.9     Surgery and Contact Lenses 

 Providing conjunctival infl ammation is con-
trolled beforehand both clear corneal incision 
cataract surgery and anterior lamellar reposition, 
or retractor plication surgery (that does not 
involve conjunctival incisions), for entropion is 
safe [ 23 ,  24 ] and does not require increased peri-
operative immunosuppression. 

2.9.1     Fornix Reconstruction 
Surgery 

 Fornix reconstruction surgery, indicated for corneal 
exposure, carries a high risk of a severe disease exac-
erbation and requires increased systemic immuno-
suppression for a minimum of 2 months before 
surgery, with a perioperative course of oral cortico-
steroids [ 63 ]. Frequent monitoring after plastic sur-
gery, to identify and manage the corneal epithelial 
defects that may complicate the surgery, is critical.  

2.9.2     Rigid Contact Lenses 

 Rigid contact lenses can be useful for comfort 
and as treatment for irregular astigmatism in 
scarred corneas; MMP eyes are usually too dry 
for soft lens use.  

2.9.3     Keratoplasty and Ocular 
Surface Reconstruction 

 Keratoplasty and ocular surface reconstruction 
are contraindicated in dry eyes and result in poor 
outcomes [ 64 ], due to the suboptimal corneal 
environment, causing poor epithelialisation, 
melt, infection, corneal vascularisation and dis-
ease reactivation.  

2.9.4     Keratoprosthesis Surgery 

 Keratoprosthesis surgery is high risk and compli-
cations are frequent, but good visual outcomes 
can be achieved with the osteo-odonto kerato-
prosthesis for bilaterally blind patients [ 65 ].   

2.10     Future Directions 

 As can be seen from this chapter, the major issues 
in the management of ocular MMP are several:
•    There is little to offer patients who have 

reached the stage of dry eye, surface failure 
and ankyloblepharon apart from OOKP, which 
is costly and not widely available. Early diag-
nosis is critical in preventing this stage of the 
disease.  

•   Diagnosis is often delayed due to failure of 
clinicians to recognise early signs of what is a 
rare disease. The diffi culty in diagnosis is 
compounded by the poor sensitivity of direct 
immunofl uorescence, which is negative in 
14–40 % of patients with typical signs of ocu-
lar MMP. Current studies into the autoanti-
body response to epithelial basement 
membrane epitopes are likely to lead both to 
improvements in diagnosis and to our under-
standing of disease pathogenesis. Genetic 
studies may help identify susceptible individ-
uals leading to higher diagnostic certainty.  

•   Management of the infl ammation in many 
patients requires toxic systemic therapies. 
The success of newer approaches using more 
targeted biological drugs may reduce tox-
icity and potentially provide local ocular 
therapies as opposed to systemic treatment. 
A better understanding of the pathogenesis of 
 infl ammation in this disease is key to  making 
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use of available biologics and identifying 
potential new therapies.  

•   There have been very few treatments directed 
against the problem of scarring which proba-
bly progresses independently from infl amma-
tion once the disease has started. Developing 
antiscarring therapies is an exciting area of 
research in many body systems for which 
there are as yet no licensed drugs. This is an 
area that is likely to develop rapidly in the next 
decade.        
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3.1            Immune Modulation and 
Anti-infl ammatory Therapy 
of Scleritis 

3.1.1     Defi nition and Classifi cation 

 Scleritis is defi ned as infl ammation of the sclera, 
with dilatation or closure of the deep episcleral 
vascular plexus being its hallmark clinical sign. 
The most widely used classifi cation system is 
that developed by Watson and Hayreh which 
divides scleritis into anterior and posterior types. 
Anterior scleritis is further subclassifi ed into dif-
fuse, nodular and necrotising scleritis, with or 
without infl ammation (scleromalacia perforans) 
[ 1 ]. Anatomical classifi cation is useful in that it 
correlates well with severity, with diffuse anterior 
scleritis being generally the most benign, nodular 
scleritis being of intermediate severity and 
 necrotising scleritis being the most severe and 
diffi cult to treat [ 2 ]. The majority of patients 
remain in the same clinical category throughout 
the course of their disease. In a study of 290 
patients, of the 104 (35.9 %) patients who experi-
enced a recurrence, only 12 progressed from dif-
fuse to nodular anterior scleritis, and 10 patients 
who originally had nodular scleritis developed 
necrotising scleritis [ 2 ]. 

 Posterior scleritis is defi ned as involvement of 
the sclera posterior to the insertion of the rectus 
muscles and may occur in the presence or absence 
of anterior scleritis. In a study of 99 patients with 
posterior scleritis, 36 patients had anterior scleri-
tis at the time of presentation and 59 patients 
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developed anterior scleritis at some time during 
follow-up [ 3 ]. Diffuse and nodular forms of pos-
terior scleritis can be identifi ed either clinically 
or on B-scan ultrasonography. Necrotising poste-
rior scleritis has been reported on histopathologic 
examination of enucleated eyes but currently 
cannot be differentiated either clinically or on 
B-scan ultrasonography [ 3 ].  

3.1.2     Clinical Features 

 The mean age of onset of scleritis is around 50 
years, with females accounting for 56–71 % of 
patients. Scleritis is frequently unilateral initially, 
but bilateral disease develops in 35–51 % of 
patients [ 3 – 9 ]. The characteristic feature of scle-
ritis is the subacute onset of boring, deep, peri-
ocular pain which may radiate to the temple and 
jaw. The pain is typically worse at night, interfer-
ing with sleep and waking the patient early in the 
morning [ 10 ]. It may be exacerbated by eye 
movement or accommodation and can be so 
severe as to interfere with normal activities – par-
ticularly in patients with necrotising scleritis with 
infl ammation. However, in some patients pain 
may not be a prominent feature – particularly 
patients with posterior scleritis or those who are 
already taking anti-infl ammatory medications. 
Other symptoms related to anterior scleritis 
include photophobia and watering. Approximately 
30 % of patients with posterior scleritis present 
with reduced vision [ 3 ]. Scleromalacia perforans 
may also present with blurred vision due to high 
astigmatism from loss of scleral rigidity, or may 
be asymptomatic [ 11 ]. 

 The clinical signs of scleritis vary according 
to the location of the scleritis and its severity. In 
addition, complications of scleritis, such as kera-
titis, uveitis, raised intraocular pressure, cataract, 
exudative retinal detachment and optic disc 
oedema, may be present due to spillover of the 
scleral infl ammation into adjacent structures. 

 Diffuse anterior scleritis is the most common 
form of scleritis and manifests as an intense vio-
laceous vascular congestion, often best appreci-
ated in natural light, which may be localised to a 
patch of the sclera or may involve the entire anterior 

sclera. Slit lamp examination reveals scleral 
oedema with oedema of the overlying episcleral 
tissue and disruption of the normal radial pattern 
of the superfi cial episcleral vessels. Use of the 
red-free light aids visualisation of the engorged 
deep episcleral vascular plexus. Application of 
phenylephrine 10 %, which blanches the superfi -
cial episcleral and conjunctival plexuses, can also 
aid detection of deep episcleral vascular plexus 
involvement. Following an acute episode, the 
sclera may assume a grey-blue discolouration, 
which is due to rearrangement of the scleral col-
lagen fi bres and should not be confused with 
scleral thinning [ 10 ]. 

 Nodular anterior scleritis is characterised by 
the development of discrete nodules of scleral 
oedema which are a deep red in colour, immobile 
and extremely tender and quite separate from the 
overlying oedematous episclera. They may be 
multiple and may become confl uent [ 10 ]. 

 Necrotising anterior scleritis with infl amma-
tion is an uncommon form of scleritis. It is char-
acterised by poor or absent perfusion of the 
episcleral vascular plexuses resulting in a white 
avascular thinned area of sclera with intense 
infl ammation at the edge of the lesion. There may 
also be yellow-white avascular areas of epi-
scleral, and sometimes conjunctival, tissue over-
lying an area of scleral oedema. Scleral necrosis 
may result in exposure of the underlying dark 
grey-black uvea, covered by only a thin layer of 
conjunctiva [ 10 ]. Associated keratitis, anterior 
uveitis and elevated intraocular pressure are com-
mon, and staphyloma formation may occur [ 11 ]. 

 Necrotising anterior scleritis without infl am-
mation (scleromalacia perforans) is a very rare 
form of scleritis. Areas of sclera and episclera 
become white, avascular and thinned and may 
become sequestered from surrounding normal 
tissue [ 10 ]. Large areas of underlying uvea may 
become exposed, but staphylomas do not occur in 
the absence of raised intraocular pressure. There 
is no associated keratitis but peripheral corneal 
thinning may occur [ 11 ]. 

 Posterior scleritis is more common than pre-
viously recognised. It may occur in association 
with anterior scleritis, in which case the hall-
mark features of scleral oedema and congestion 
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of the deep episcleral vascular plexus will be 
present. If it occurs in isolation, the eye may 
appear white, but infl amed posterior sclera may 
sometimes be visualised at the extremes of gaze 
[ 11 ]. In a large series of posterior scleritis [ 3 ], 
serous retinal detachment was the most common 
posterior segment fi nding. Other signs included 
optic disc swelling, subretinal localised granu-
loma, choroidal effusion and folds, RPE changes, 
retinal vasculitis, low-grade uveitis and raised 
intraocular pressure. In 17 % of cases there were 
no signs. B-scan ultrasonography is the key to 
diagnosis and can demonstrate increased thick-
ness of the ocular coats (greater than 2.0 mm is 
considered abnormal), fl uid in the Tenon capsule 
(T-sign), optic disc swelling, retinal detachment 
and scleral nodules [ 3 ].  

3.1.3     Differential Diagnosis 

 Episcleritis is the main differential diagnosis and 
must be distinguished from scleritis because it is a 
benign condition in which complications are more 
likely to result from aggressive management than 
from the disease itself. The onset of episcleritis is 
usually acute, and the patient’s chief complaint is 
redness and mild discomfort, in contrast to scleri-
tis in which pain is usually the prominent feature. 
In episcleritis, only the superfi cial episcleral vas-
cular plexus is engorged, resulting in a pinkish-
red colour, as opposed to the violaceous hue seen 
with deep episcleral vascular plexus involvement 
in scleritis. These subtle colour differences are 
often best appreciated in natural light. Slit lamp 
examination with red- free light reveals conges-
tion and outward displacement of the conjunctival 
and superfi cial episcleral vascular plexuses, but 
their radial confi guration is preserved, there are 
no areas of capillary non-perfusion and the deep 
episcleral vascular plexus is uninvolved, lying fl at 
against non-oedematous scleral tissue. Application 
of phenylephrine 10 % will blanch the conjuncti-
val and superfi cial episcleral vascular plexuses, 
but will not blanch the deep episcleral vascular 
congestion of scleritis. Occasionally, episcleritis 
may progress to scleritis so careful examination 
of each recurrence of infl ammation is required. 

 Other differential diagnoses of anterior scleri-
tis include conjunctival squamous cell carci-
noma, in which corneal and scleral invasion may 
occur, and lymphoma which classically presents 
with a salmon pink, elevated, solid mass [ 11 ]. 
These tumours typically obscure the normal vas-
cular architecture. A biopsy is required if the 
diagnosis is in doubt. Carotico-cavernous fi stula 
causes vascular congestion which does not blanch 
with phenylephrine, but the corkscrew vessels are 
diagnostic. Intraocular tumours, in particular 
choroidal melanoma, may mimic posterior uve-
itis, but features on B-scan ultrasonography 
should differentiate between them [ 11 ].  

3.1.4     Aetiology 

 Scleritis may be idiopathic in origin, associated 
with a systemic autoimmune disorder or associ-
ated with local or systemic infection. Other 
causes include postoperative, traumatic, meta-
bolic (gout) and drug-induced, in particular 
bisphosphonates. Scleritis can also be associated 
with intraocular and orbital neoplasms. 

3.1.4.1     Systemic Autoimmune 
Associations 

 A US tertiary referral centre found an associated 
systemic autoimmune disorder in 50 % of patients 
[ 12 ,  13 ]. In contrast, a non-tertiary referral centre 
identifi ed an associated systemic autoimmune 
disorder in only 31 % of cases [ 7 ]. Japanese stud-
ies have revealed even lower incidences of 
15–22 % [ 6 ]. A UK tertiary referral centre series 
of posterior scleritis reported 29 % of patients as 
having an associated systemic disease. Patients 
older than 50 years of age and those who devel-
oped an associated anterior scleritis had a signifi -
cantly increased risk of associated systemic 
autoimmune disorders [ 3 ]. Scleritis is most com-
monly associated with rheumatoid arthritis (RA) 
and Wegener granulomatosis (WG). Seronegative 
spondyloarthropathies, relapsing polychondritis 
and systemic lupus erythematosus (SLE) are less 
frequent associations. Uncommon and rare asso-
ciations include polyarteritis nodosa, Takayasu 
disease, giant cell arteritis, juvenile idiopathic 
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arthritis, Vogt-Koyanagi-Harada disease, sar-
coidosis, lymphoma, carcinoma of the lung, 
Cogan syndrome, congenital erythropoietic por-
phyria and graft-versus-host disease following 
allogenic bone marrow transplantation [ 11 ]. 

 Scleritis occurs in 0.15–6.3 % of patients with 
RA; conversely up to 30 % of patients presenting 
with scleritis will have RA [ 10 ]. The most com-
mon phenotype is diffuse anterior scleritis; how-
ever, there are no clinical features to distinguish 
the scleritis seen in RA from that in other condi-
tions except that scleromalacia perforans virtually 
only occurs in RA. In addition, keratoconjunctivi-
tis sicca or corneal changes (‘contact lens cornea’) 
may be present which occur more commonly 
in RA than other conditions [ 10 ]. Patients with 
RA-related scleritis are older and are more likely 
to develop necrotising scleritis, decreased vision 
and peripheral ulcerative keratitis compared with 
patients with idiopathic scleritis [ 12 ,  13 ]. 

 Scleritis occurs in approximately 10 % of WG 
patients [ 14 ]. The clinical features of scleritis can 
be diagnostically useful in WG; there may be a 
raised granulomatous mass, and the infl amma-
tory changes involve the conjunctiva, episclera 
and sclera. If the lesion is adjacent to the lim-
bus, the limbal arcade of vessels will be broken 
and the vessels leak profusely. Destruction of 
both the cornea and sclera occurs and a gutter 
appears that involves limbal tissue. This trans-
gression of the limbus by a destructive change is 
only seen in WG and polyarteritis nodosa [ 10 ]. 
Patients with WG-related scleritis are more likely 
to develop necrotising scleritis, decreased vision 
and peripheral ulcerative keratitis compared with 
patients with scleritis associated with any other 
systemic vasculitic disease [ 15 ]. 

 Scleritis occurs in approximately 40 % of 
patients with relapsing polychondritis [ 16 ]. The 
most common phenotype is diffuse anterior scle-
ritis, but it can be of any type. Along with 
RA-related scleritis, it is considered a disease of 
intermediate severity [ 15 ]. Although the infl am-
mation rarely causes destruction of the globe or 
decreased vision, the pain is very severe and very 
resistant to treatment [ 10 ]. Scleritis occurs 
uncommonly in patients with systemic lupus 
 erythematosus. It is virtually always of the  diffuse 

or nodular subtype and is therefore, along with 
scleritis associated with the spondyloarthropa-
thies, considered the most benign, although it can 
be quite resistant to treatment until the systemic 
disease is brought under control [ 10 ,  15 ].  

3.1.4.2     Infectious Scleritis 
 Approximately 5–10 % of cases of anterior scleri-
tis are infectious [ 17 ,  18 ]. Viruses, bacteria, fungi 
and parasites can all cause infectious scleritis, 
either by direct invasion of organisms or via an 
immune response induced by the organism [ 11 ]. 
Infectious scleritis should be suspected in patients 
with a history of ocular trauma or surgery, recur-
rent attacks of herpes zoster or  simplex, systemic 
review consistent with infection or progres-
sion of disease whilst on immunomodulatory 
therapy [ 17 ,  19 ]. Unifocal or multifocal scleral 
abscesses and contiguous corneal infi ltration may 
be present [ 20 ]. The most common causative 
pathogens include varicella zoster virus (VZV), 
herpes simplex virus (HSV),  Treponema palli-
dum ,  Mycobacterium  spp.,  Pseudomonas aerugi-
nosa  and  Aspergillus  spp. [ 11 ]. 

 VZV-related scleritis occurs in up to 8 % of 
patients with a history of herpes zoster ophthal-
micus, often manifesting months after an episode 
[ 21 ]. Active herpetic scleral disease is typically 
diffuse or nodular in subtype, whereas immune- 
mediated is usually of the necrotising subtype 
[ 21 ]. There is a high risk of scleral thinning, 
staphyloma formation and globe perforation [ 19 ]. 
HSV-related scleritis is probably an underrecog-
nised clinical entity. A retrospective case series 
reported on nine patients (10 eyes) with biopsy- 
proven HSV-related scleritis [ 19 ]. No patient had 
a past or concurrent history of herpetic keratitis 
or eyelid disease or genital herpes. The mean 
duration of symptoms prior to tissue diagnosis 
was 3.2 years. Acyclovir treatment led to a rapid 
and complete resolution of infl ammation in all 
cases. A retrospective study compared 35 cases 
of herpetic scleritis with 321 cases of idiopathic 
scleritis from the same two institutions [ 18 ]. It 
found that no patient with herpetic scleritis pre-
sented with posterior scleritis or scleromalacia 
perforans. Compared with idiopathic scleritis, 
patients with herpetic scleritis were more likely 
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to have necrotising scleritis (8.6 vs 
1.2 %;  P  < 0.05), unilateral disease (80 vs 56.7 %; 
 P  < 0.05) and vision loss (34.3 vs 11.5 %; 
 P  < 0.001). Corneal involvement, anterior uveitis 
and more severe pain were also more commonly 
seen in herpetic scleritis, although the differences 
were not statistically signifi cant [ 18 ]. 

  Pseudomonas aeruginosa  is the most com-
mon pathogen associated with postsurgical scle-
ritis, particularly pterygium surgery with or 
without adjunctive beta irradiation or mitomycin 
C [ 22 ]. Syphilis has also been reported to be a 
common bacterial pathogen associated with scle-
ritis [ 11 ], and a recent study from Japan attrib-
uted the cause of scleritis to tuberculosis (TB) in 
6 of 83 (7.2 %) cases [ 6 ]. Fungal scleritis is gen-
erally a rare entity; however, it may be more com-
mon in hot and humid climates such as in India 
[ 20 ]. A recent series of infectious scleritis from 
India found fungi to be the most common patho-
gen, occurring in 8 of 21 (38 %) eyes, with 
 Aspergillus fl avus  being the most common fun-
gus isolated in these cases [ 20 ].  

3.1.4.3     Surgically Induced Scleritis 
 Surgically induced necrotising scleritis (SINS) 
occurs most commonly after extracapsular cata-
ract extraction, particularly through a limbal inci-
sion, but also occurs following scleral buckling, 
pars plana vitrectomy, trabeculectomy and stra-
bismus surgery [ 23 ]. In a large series of 43 
patients (52 eyes) with surgically induced scleri-
tis, scleral infl ammation developed adjacent to 
the surgical wound in all cases, with 94 % having 
necrotising anterior scleritis and 6 % nodular 
anterior scleritis [ 23 ]. In 75 % of cases, patients 
had undergone two or more surgical procedures 
prior to the onset of the scleritis. The mean time 
to the development of scleritis was 5.7 months 
(range 1 day to 3.5 years), excluding fi ve patients 
who had a single strabismus correction procedure 
in childhood with onset of scleral disease many 
years later (mean 21.7 years, range 6.5–40 years). 
Systemic disease was present in 63 % of patients, 
with 39 % of these having a connective tissue dis-
ease. Surgically induced diffuse scleritis has also 
been reported following extracapsular cataract 
extraction [ 11 ].   

3.1.5     Immunopathology 

 Understanding of the immunopathogenesis of 
scleritis is hampered by a limited availability of 
tissue for pathological examination, resulting in 
small series with most specimens being obtained 
from necrotising scleritis cases, often late in the 
course of the disease. A report of 25 specimens of 
necrotising scleritis and 5 specimens of non- 
necrotising scleritis found the presence of vascu-
litis and vascular immunodeposits in a high 
proportion of cases, suggesting that immune 
complex-mediated vasculitis with subsequent 
activation of complement and neutrophil enzyme 
release (type III hypersensitivity reaction) plays a 
pivotal role in the development of scleritis [ 24 ]. 
However, a subsequent series of eight cases (only 
one of which had necrotising scleritis) did not 
identify primary vasculitis in any of the speci-
mens [ 25 ]. In keeping with previous investiga-
tors, the study found that cellular infi ltrate 
consisted largely of lymphocytes and to a lesser 
extent macrophages, plasma cells and giant cells. 
More than 90 % of lymphocytes were T cells 
with a predominance of CD4+ cells, and there 
was a marked increase in MHC II-expressing 
cells capable of presenting local antigens to these 
infi ltrating CD4+ cells. These fi ndings, in addi-
tion to signs of a granulomatous process with 
activated macrophages, suggest a T-cell-mediated 
disease (delayed hypersensitivity reaction) at 
some stage of scleritis [ 25 ]. 

 A large clinicopathologic study of 55 cases of 
necrotising scleritis identifi ed distinct histopath-
ologic patterns which may refl ect different mech-
anisms of immunopathogenesis [ 26 ]. In cases 
with an associated systemic autoimmune disor-
der, the histopathologic fi nding of vasculitis with 
zonal granulomatous infl ammation surrounding a 
central necrotic sclera was reported to be consis-
tent with a type III hypersensitivity reaction. In 
idiopathic cases, the pattern of nonzonal diffuse 
scleritis in the absence of vasculitis, often in the 
absence of granulomatous infl ammation and in 
the presence of a reactive connective tissue pro-
liferation was reported to be consistent with a 
delayed hypersensitivity reaction or type IV 
hypersensitivity. 
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 Utilising this histopathologic grading system, 
Usui and colleagues selected three enucleated 
eyes with necrotising zonal scleral infl ammation 
associated with RA (autoimmune group) and 
three enucleated eyes with necrotising diffuse 
nongranulomatous scleral infl ammation without 
an associated systemic disorder (idiopathic 
group) [ 27 ]. Immunohistochemical staining was 
performed for CD3 (pan T lymphocytes), CD4 
(helper T lymphocytes), CD8 (cytotoxic- 
suppressor T lymphocytes), CD20 (B lympho-
cytes), CD68 (macrophages) and DRC (dendritic 
reticulum cells). Within the autoimmune group, 
about 43 % of infl ammatory cells stained positive 
with CD20, 35 % with CD68, 17 % with CD3, 
8 % with CD8, 4 % with DRC and less than 1 % 
with CD4. Within the idiopathic group, about 
43 % stained positive with CD68, 23 % with 
CD3, 17 % with CD20, 7 % with CD8, 1 % with 
DRC and less than 1 % with CD4. The authors 
concluded that these fi ndings suggest that B cells 
may drive the infl ammatory process in necrotis-
ing scleritis associated with a systemic autoim-
mune disease and that macrophages may also 
play a role in the necrotising process in both 
autoimmune and idiopathic groups [ 27 ]. 

 More recently, T-helper type 17 (Th 17) cells 
have been implicated in the pathogenesis of scle-
ritis [ 28 ]. The number of peripheral blood Th 17 
cells was noted to increase during active scleritis 
and decrease following treatment in eight 
patients. Th 17 cells were expanded by interleu-
kin (IL)-2 and inhibited by interferon (IFN)-γ 
[ 28 ]. IL-2 is a proinfl ammatory cytokine pro-
duced by CD4+ cells which activates macro-
phages to produce other proinfl ammatory 
cytokines such as tissue necrosis factor (TNF)-α 
and interleukin (IL)-1. Local production of proin-
fl ammatory cytokines by infi ltrating infl amma-
tory cells not only propagates the infl ammatory 
response but is also thought to play an important 
role in the destruction of extracellular matrix 
components in scleritis. TNF-α and IL-1 have 
been demonstrated to induce matrix metallopro-
teinases (MMPs) which can cause scleral remod-
elling and destruction [ 29 ]. Plasma cells have 
also been shown to produce MMPs, in addition to 
releasing TNF-α [ 29 ].  

3.1.6     Management 

 Management of scleritis involves clinical assess-
ment of the type of scleritis, the severity of disease 
and the presence of any complications. A careful 
history and examination and targeted investiga-
tions are critically important to determine if there 
is an underlying systemic autoimmune disease or a 
local or systemic infectious cause. Treatment of 
scleritis usually requires  systemic therapy and 
involves a stepped approach. 

3.1.6.1     Investigations 
 In every patient with scleritis, it is essential to 
exclude an associated systemic disease, particu-
larly a primary vasculitic disease such as WG or 
PAN as these are more likely to present initially 
as scleritis and if left untreated are potentially 
fatal [ 7 ,  30 ]. In a large series of 107 scleritis 
patients with an associated systemic disease, 
78 % had a pre-existing diagnosis, 14 % were 
diagnosed as a result of the initial evaluation and 
8.4 % developed a systemic disease during fol-
low- up. Systemic vasculitis was less likely to 
have been previously diagnosed than other rheu-
matic diseases (59 vs 84 %) and more likely to be 
diagnosed as a result of the initial evaluation (27 
vs 9 %) [ 30 ]. Subsequent studies have reported 
similar results and have recommended a work up 
to exclude primary vasculitic disease even in 
scleritis patients with a known non-vasculitic 
systemic disease [ 7 ]. 

 Initial evaluation involves a comprehensive 
history with a detailed systems review, thorough 
examination, B-scan ultrasonography if posterior 
scleritis is suspected and targeted investigations. 
Blood pressure measurement and urine analysis 
should be performed on the day of presentation, 
and all patients should undergo a chest X-ray and 
anti-neutrophil cytoplasmic antibody (ANCA) 
testing. Other relevant blood tests include renal 
function, syphilis serology, rheumatoid factor 
and anti-nuclear antibodies (ANA). A positive 
ANCA titre in the presence of a positive ANA 
result is inaccurate and requires specifi c anti- 
myeloperoxidase and anti-proteinase 3 ANCA 
titres to determine the presence of ANCA antibod-
ies. Additional investigations, such as acute phase 
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response reactant levels, Lyme serology, HLA-
B27, serum angiotensin-converting enzyme, sinus 
imaging and biopsies of other organs, are deter-
mined by clinical assessment and abnormalities 
detected on the initial blood tests. 

 Diagnosis of infectious scleritis is of utmost 
importance as the management is completely dif-
ferent, and systemic immunosuppressive therapy 
alone will worsen the condition. If bacterial, fun-
gal or acanthamoeba infection is suspected, 
scleral scraping or biopsy should be performed. 
If an ulcerative lesion is present, scleral scrapings 
are taken from the base of the active lesion. If a 
biopsy is planned, it is often best undertaken in 
the operating theatre, where adequate anaesthesia 
enables a sterile, pain-free procedure. If there is a 
non-ulcerative lesion, episcleral and scleral spec-
imens are collected following careful dissection 
of the overlying conjunctiva. Specimens should 
be plated for microscopy and culture on blood 
and chocolate agar, brain-heart infusion broth, 
thioglycollate broth, non-nutrient agar with an 
overlay of  Escherichia coli  and Sabouraud’s dex-
trose agar [ 20 ]. If a herpes infection is suspected, 
conjunctival or scleroconjunctival biopsy is 
required for PCR testing and immunofl uores-
cence studies [ 19 ]. Specimens should also be col-
lected for histopathology and immunopathology.  

3.1.6.2     Treatment Overview 
 In a large retrospective series [ 4 ,  5 ], data on treat-
ment and response to treatment was available for 
69 patients with scleritis. Overall, approximately 
30 % of patients were treated with NSAIDs, 
32 % required oral prednisolone and 26 % needed 
additional immunosuppressive drugs. This series, 
in addition to an earlier analysis of therapeutic 
failure for initial regimens in 132 patients with 
noninfectious anterior scleritis [ 31 ], has provided 
useful treatment guidelines for the various sub-
types of scleritis. 

 Sainz de la Maza and colleagues recom-
mended that, in patients with diffuse and nodu-
lar anterior scleritis, NSAIDs should be the 
initial choice, oral corticosteroids should be 
second-line therapy and immunosuppressive 
agents should be third-line therapy. However, 
in patients with necrotising anterior scleritis, 

additional  immunosuppressive agents should 
be commenced at the outset, as therapeutic fail-
ure for initial regimens occurred in 100 % of 
patients treated with oral NSAIDs and in 91 % 
of patients treated with oral corticosteroids [ 31 ]. 
Jabs and colleagues also determined that patients 
with nodular and diffuse anterior scleritis were 
more likely to respond to oral NSAIDs but found 
that a smaller proportion (70 %) of patients with 
necrotising anterior  scleritis required additional 
immunosuppressive agents. Posterior scleritis 
was treated most often with oral corticosteroids 
(83 %), with immunosuppressive agents being 
needed less frequently (17 %) [ 4 ,  5 ]. An associ-
ated systemic autoimmune disorder has also been 
found to increase the likelihood of needing more 
aggressive immunosuppressive therapy [ 3 ].  

3.1.6.3     Topical Corticosteroids 
 Aside from treating any associated anterior uve-
itis, topical corticosteroids play a limited role as 
adjunctive therapy in the management of non- 
necrotising anterior scleritis in patients who are 
not steroid responders.  

3.1.6.4     Subconjunctival Corticosteroid 
Injection 

 There has been renewed interest in the use of sub-
conjunctival corticosteroid injection for the treat-
ment of non-necrotising, noninfectious anterior 
scleritis, particularly in patients who fail to 
respond to initial systemic therapy. Historically, 
the injection of corticosteroids has been contrain-
dicated in scleritis due to concerns regarding effi -
cacy and case reports from the 1970s of scleral 
necrosis and perforation [ 32 ]. More recent case 
series [ 33 ] have questioned these concerns, and 
there are now several published series reporting 
the use of subconjunctival corticosteroid injec-
tion in non-necrotising, noninfectious anterior 
scleritis [ 34 ]. 

 A recent retrospective, interventional, non-
comparative multicenter study [ 35 ,  36 ] rep-
resents the largest series to date on the use of 
subconjunctival corticosteroid injection for the 
treatment of non-necrotising, noninfectious 
anterior scleritis. Sixty-eight eyes of 53 patients 
with diffuse or nodular anterior scleritis with at 
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least 6 months follow-up were included. Patients 
with a history of glaucoma, ocular hyperten-
sion or steroid response were excluded. Median 
follow-up was 28 months (mean 33.6, range 
6–100 months). Signs and symptoms improved 
in 66 (97 %) eyes and completely resolved in 
61 (89.7 %) eyes after one injection. Kaplan-
Meier estimates found 68 and 50 % of eyes were 
recurrence-free after one injection, at 24 and 48 
months respectively. Repeated injections did not 
result in loss of treatment effect. Subconjunctival 
corticosteroid injection reduced the requirement 
for systemic therapy from 96 to 43 %. 

 The technique of subconjunctival corticoste-
roid injection involves topical anaesthesia and 
then administration of triamcinolone acetonide 
(Kenalog 40 mg/ml) via subconjunctival injec-
tion using a 25- or 27-gauge needle under direct 
vision with the slit lamp. For nodular scleritis, 
0.05–0.1 ml is injected under the conjunctiva 
immediately adjacent to the nodule. For diffuse 
scleritis, 0.05–0.2 ml is injected per infl amed 
quadrant [ 35 ,  36 ]. Patients need to be warned of 
the risk of raised intraocular pressure, and those 
with a history of ocular hypertension, glaucoma 
or steroid response should be excluded. In the 
series by Sohn and colleagues, transient ocular 
hypertension not requiring treatment developed 
in 14 (20.6 %) eyes, and ocular hypertension or 
glaucoma requiring medical management or sur-
gical management occurred in 2 (2.9 %) eyes 
each. Other adverse events included subconjunc-
tival haemorrhage (7 eyes) and cataract (6 eyes) 
[ 35 ,  36 ]. Patients also need to be warned about 
the possibility of scleral necrosis and perforation. 
There were no cases of scleral necrosis in this 
series or other recent series [ 34 – 36 ]. This may be 
because of better patient selection due to 
increased recognition of the early subtle signs of 
scleral necrosis or it may be due to the use of tri-
amcinolone acetonide rather than methylpred-
nisolone acetate. Alternatively, it may simply be 
that there are inadequate numbers of patients at 
present to detect this rare event [ 34 ].  

3.1.6.5    Oral NSAIDs 
 Oral NSAIDs are considered fi rst-line therapy in 
the management of non-necrotising anterior scleritis. 

However, success rates differ greatly, whereas 
one series reported control of infl ammation in 
91 % of nodular and 93 % of diffuse anterior 
scleritis cases [ 31 ], and another series docu-
mented success rates of only 57 % for nodular 
and 33 % for diffuse anterior scleritis [ 4 ,  5 ]. A 
recent study identifi ed younger age, unilateral 
disease, anterior nodular scleritis and without 
associated disease as factors associated with 
 successful response to oral NSAIDs [ 8 ,  9 ]. Oral 
NSAIDs have been determined to be ineffective 
for necrotising anterior scleritis with one series 
fi nding a 100 % therapeutic failure rate in patients 
initially treated with NSAIDs [ 31 ]. Some success 
has been reported in treating idiopathic posterior 
scleritis with NSAIDs [ 3 ]. However, patients 
with loss of vision, evidence of optic nerve 
involvement or associated systemic disease are 
unlikely to respond and should be commenced on 
systemic corticosteroids at the outset. 

 Several NSAID agents are available but fl urbi-
profen and indomethacin have anecdotally been 
found to be most effective [ 4 ,  5 ,  10 ]. The initial 
dosage for fl urbiprofen is usually 50–100 mg 
three times daily. The initial dosage for indo-
methacin is 25–50 mg three times daily. Jabs and 
colleagues typically started patients on indo-
methacin 25 mg four times daily. If the scleritis 
improved, the dose was reduced to 25 mg three 
times daily until the scleritis was completely 
quiet, at which stage the indomethacin was dis-
continued. If the scleritis did not initially improve, 
the dose was increased to 150 mg daily. 
Approximately 50 % of patients who responded 
to NSAIDs did so at the lower dose (100 mg daily 
or less) and 50 % required the higher dose 
(150 mg daily). The median duration of therapy 
was 7.5 weeks [ 4 ]. A small study of 24 patients 
with diffuse anterior scleritis found 95 % were 
treated successfully with celecoxib 200–800 mg 
daily in divided doses [ 37 ]. Celecoxib is a selec-
tive cyclooxygenase (COX)-2 inhibitor. Whereas 
COX-1 is constitutively expressed in the gastro-
intestinal (GI) tract, kidneys, platelets and vascu-
lar endothelium, COX-2 is an inducible enzyme 
that is primarily upregulated during infl amma-
tory responses. However, although COX-2 inhib-
itors may reduce gastrointestinal toxicity, they 
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appear to have equivalent nephrotoxicity to con-
ventional NSAIDs, and there are concerns 
regarding cardiovascular side effects [ 38 ]. 

 Gastrointestinal side effects are common with 
oral NSAIDs and patients need to be warned of 
the possibility of gastric irritation, peptic ulcer-
ation and bleeding. Renal impairment, particu-
larly when used in combination with ACE 
inhibitors and diuretics, and CNS side effects are 
uncommon but serious. Other NSAID-related 
side effects include haematologic toxicity, 
hepatic toxicity, dermatologic reactions and 
hypersensitivity responses including rashes, 
bronchospasm and anaphylactoid reactions. Oral 
NSAIDs are contraindicated in pregnancy 
because they can cause premature closure of the 
fetal ductus arteriosus and fetal renal impairment 
[ 38 ]. In the study by Jabs and colleagues, indo-
methacin was well tolerated in over 70 % of 
patients with only two patients (4.1 %) discon-
tinuing the drug due to side effects [ 4 ].  

3.1.6.6    Systemic Corticosteroids 
 Oral corticosteroids are considered fi rst-line ther-
apy for patients with necrotising scleritis or poste-
rior scleritis and second-line therapy in patients 
with non-necrotising anterior scleritis who do not 
respond to, or are intolerant of, oral NSAIDs. The 
standard starting dose is prednisolone 1 mg/kg/day 
and tapering is individualised. A typical tapering 
schedule is to reduce the oral prednisolone by 
10–20 mg weekly until a dose of 40 mg/day is 
reached, then reduce by 5–10 mg weekly until a 
dose of 10–20 mg/day is reached and then reduce 
by 2.5–5 mg increments thereafter until cessation 
or an acceptable maintenance dose is reached. In 
some patients with long-standing disease, reduc-
tion below 10 mg/day requires 1 mg increments 
[ 4 ,  10 ]. Patients whose eyes are not completely 
quiet after 1 month of high-dose oral prednisolone 
or patients who relapse at doses of prednisolone 
greater than 7.5 mg/day should be commenced on 
adjunctive immunosuppressive therapy. 

 Intravenous methylprednisolone is primarily 
reserved for situations in which rapid control of 
infl ammation is required, usually in cases of necro-
tising scleritis with threatened scleral or corneal 
perforation. A small retrospective case series [ 39 ] 

reported an improvement in the scleritis score of 
all 14 patients who were treated with pulsed intra-
venous methylprednisolone. Intravenous methyl-
prednisolone (0.5–1.0 g/day) is typically given for 
up to three consecutive days prior to commencing 
high-dose oral prednisolone therapy. 

 All patients should be warned of the side 
effects of systemic corticosteroids. These are 
dose- and duration-dependent and occur more 
frequently in the elderly, diabetics, hypoalbumi-
naemic states, psychiatric patients and in preg-
nancy [ 11 ]. A common serious adverse effect is 
hyperglycaemia, which developed in 10 % of 
scleritis patients treated with oral prednisolone in 
the study by Jabs and colleagues [ 4 ]. Cushingoid 
habitus is also a common occurrence and hyper-
tension may also occur. All patients should have 
their weight, blood pressure and blood sugar 
level monitored regularly. Mild mood distur-
bances, particularly insomnia and anxiety, are 
common, and severe psychiatric disturbances 
may develop in up to 7 % [ 4 ]. Osteoporosis is an 
uncommon but serious complication. A baseline 
bone densitometry scan should be performed in 
patients over the age of 65, those with a family or 
personal history of osteoporosis or those in whom 
it is anticipated that oral prednisolone therapy 
will be required for more than 3 months.  

3.1.6.7    Immunosuppressive Agents 
 Non-biologic immunosuppressive agents can 
be grouped into antimetabolites, T-cell inhibi-
tors and alkylating agents. The antimetabolites 
include azathioprine, methotrexate and myco-
phenolate mofetil; the T-cell inhibitors include 
cyclosporine and tacrolimus; and the alkylat-
ing agents include cyclophosphamide and chlo-
rambucil. Comprehensive guidelines, based 
on recommendations of an expert panel, for 
the use of these agents in patients with ocular 
infl ammatory diseases have been published [ 4 ]. 
Immunosuppressive agents may be indicated 
at the outset in patients with a known systemic 
autoimmune disease requiring such treatment 
(usually WG), if there is a failure to control 
infl ammation despite 1 month of high-dose pred-
nisolone, if there are frequent recurrences on 
attempting to taper the oral prednisolone to a safe 
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long-term daily dose or if intolerable corticoste-
roid side effects develop. 

 The largest reported series relating to the use of 
non-biologic immunosuppressive agents in scleritis 
are derived from the Systemic Immunosuppressive 
Therapy for Eye Diseases (SITE) Cohort Study. 
This retrospective study compiled data from four 
tertiary ocular infl ammatory centres across the USA 
to evaluate the safety and effi cacy of various types 
of monotherapy in the treatment of noninfectious 
ocular infl ammation [ 40 ,  41 ]. The main outcome 
measures were successful control of infl ammation, 
corticosteroid-sparing benefi t and incidence of and 
reason for discontinuation of therapy. Successful 
control of infl ammation was evaluated by the time 
to transition from active or slightly active disease at 
initiation of monotherapy (with or without cortico-
steroids) to inactive disease over at least two visits 
spanning at least 28 days. Successful corticosteroid-
sparing benefi t was evaluated by the time to suc-
cessful tapering of corticosteroids to ≤10 mg/day, 
≤5 mg/day and 0 mg while maintaining control of 
infl ammation over at least two visits spanning at 
least 28 days (5 refs). Table  3.1  provides a summary 
of the main treatment success outcome measures, 
but it is important to note that the SITE Cohort 
Study is an observational study, and it is therefore 
not possible to directly compare success of the vari-
ous agents; for example, cyclophosphamide is 
likely to have been reserved for more severe cases 
associated with systemic vasculitic disease, and 
therefore, cyclophosphamide outcomes will appear 
less favourable.

     Azathioprine 
 Azathioprine is a purine nucleoside analogue 
which interferes with DNA replication and RNA 
transcription. It decreases the numbers of peripheral 

T and B lymphocytes and reduces mixed lym-
phocyte reactivity, IL-2 synthesis and IgM pro-
duction. Azathioprine is well absorbed orally, but 
there is an up to fourfold individual variation in 
the rate of metabolism due to variable thiopurine- 
S   -methyltransferase activity. The usual dose is 
1–3 mg/kg/day but should be reduced when used 
with allopurinol. The most common serious 
adverse effects are reversible bone marrow sup-
pression and hepatotoxicity. A full blood count 
(FBC) should be performed every 4–6 weeks, 
and liver function tests (LFTs) should be per-
formed every 12 weeks to assess aspartate ami-
notransferase and alanine aminotransferase 
levels. If these enzyme levels are >1.5 times the 
upper limit of normal, the dose should be 
decreased by 25–50 mg/day and the LFTs 
rechecked in 2 weeks. If there is a marked enzyme 
elevation, azathioprine should be discontinued, at 
least temporarily (Category D evidence) [ 5 ]. 

 In the SITE Cohort Study, azathioprine therapy 
was evaluated in 27 eyes of 16 patients with scleri-
tis (Category C evidence) [ 45 ]. The Kaplan- Meier 
estimate of the proportion achieving sustained 
control of infl ammation within 6 and 12 months 
was 20.0 and 73.3 % respectively. Of those patients 
on >10 mg/day prednisolone initially, an estimated 
22.2, 18.2 and 0 % succeeded in tapering their 
prednisolone dosage to ≤10, ≤5 and 0 mg daily 
respectively within the fi rst 6 months of therapy. 
By 12 months of therapy, 35.2, 29.9 and 11.1 % of 
patients achieved these outcomes. Discontinuation 
data was available for 123 patients overall with 
24.1 % of patients stopping therapy within 1 year 
due to adverse drug effects. The most common 
side effect leading to cessation of azathioprine was 
gastrointestinal upset (9 %) followed by bone mar-
row suppression (5 %), elevated liver enzymes 

   Table 3.1    Treatment success rates of various agents, derived from the Systemic Immunosuppressive Therapy for Eye 
Diseases Cohort Study   

 Immunosuppressive agent  AZA  MTX  MMF  CsA  CYP 

 Controlled infl ammation (no activity) within 6 months (%)  20  56  49  62  53 
 Controlled infl ammation and ≤10 mg/day prednisolone within 6 months (%)  22  37  26  53  30 
 Controlled infl ammation (no activity) within 12 months (%)  73  72  86  62  82 
 Controlled infl ammation and ≤10 mg/day prednisolone within 12 months (%)  35  58  49  53  61 

  Adapted from Daniel et al. [ 42 ], Gangaputra et al. [ 43 ], Kacmaz et al. [ 44 ], Pasadhika et al. [ 45 ], Pujari et al. [ 46 ] 
  AZA  azathioprine,  CsA  cyclosporine,  CYP  cyclophosphamide,  MMF  mycophenolate mofetil,  MTX  methotrexate  
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(4 %) infection (2 %) and allergy (1 %). Advantages 
of azathioprine include that it is relatively inexpen-
sive and there is extensive experience in its use.  

   Methotrexate 
 Methotrexate is a folic acid analogue which inhib-
its DNA replication, affecting rapidly dividing 
cells such as leukocytes. Methotrexate is com-
pletely absorbed if administered parentally, but if 
taken orally up to 35 % may be metabolised by 
intestinal fl ora before absorption. The usual dose 
is 7.5–25 mg once weekly, and folic acid (1 mg/
day) is administered concurrently to minimise 
nausea and bone marrow suppression effects. The 
most common serious adverse effects are hepato-
toxicity, bone marrow suppression and interstitial 
pneumonia. Methotrexate is also teratogenic. 
Baseline FBC, LFTs and hepatitis B and C serol-
ogy are obtained and an FBC and LFTs should be 
performed every 4–8 weeks. If liver enzymes are 
>2 times normal on two separate occasions, the 
dose should be reduced, and a liver biopsy should 
be performed if abnormal LFTs persist after dis-
continuation of the drug. Patients should be 
advised to abstain from alcohol consumption 
whilst on methotrexate (Category D evidence) [ 5 ]. 

 In the SITE Cohort Study, methotrexate was 
evaluated in 84 eyes of 56 patients with scleritis 
(Category C evidence) [ 43 ]. The proportion 
achieving sustained control of infl ammation 
within 6 and 12 months was 56.4 and 71.5 % 
respectively. Of those patients on >10 mg/day 
prednisolone initially, an estimated 37.3, 26.3 
and 6.2 % succeeded in tapering their predniso-
lone dosage to ≤10, ≤5 and 0 mg daily respec-
tively within the fi rst 6 months of therapy. By 12 
months of therapy, 58.3, 55.6 and 17.5 % of 
patients achieved these outcomes. Discontinuation 
data was available for 345 patients overall with 
an estimated 17.5 % of patients stopping therapy 
within 1 year due to adverse drug effects. The 
most common side effects leading to discontinu-
ation were gastrointestinal upset (2.9 %), bone 
marrow suppression (2.6 %) and elevated liver 
enzymes (2.3 %). There was one case of cirrhosis 
of the liver. Malaise, allergy, mouth ulcers and 
alopecia were other reasons for discontinuation. 
Advantages of methotrexate include that it is 

 relatively inexpensive; there is extensive experi-
ence in its use, particularly in children; and it 
appears to be well tolerated.  

   Mycophenolate Mofetil 
 Mycophenolate mofetil is a selective inhibitor of 
inosine monophosphate dehydrogenase that 
interferes with guanosine nucleotide synthesis. It 
prevents T- and B-cell proliferation, suppresses 
antibody synthesis, interferes with cellular adhe-
sion to vascular endothelium and decreases leu-
kocyte recruitment. It has high oral bioavailability, 
and its active metabolite is excreted renally so it 
should be used with caution in patients with renal 
impairment. The usual dose is 1 g twice daily 
with doses of 3 g daily being associated with 
increased toxicity. The most common serious 
adverse effect is bone marrow suppression. High 
rates of opportunistic infections and nonmela-
noma skin cancers have been reported with 3 g 
daily doses in transplant patients receiving other 
immunosuppressive agents (Category D evi-
dence) [ 5 ]. Mycophenolate mofetil may also be 
associated with an increased risk of progressive 
multifocal leukoencephalopathy (PML), due to 
reactivation of JC virus, in patients with underly-
ing conditions independently associated with 
PML who are using concomitant immunosup-
pressive therapy (Category D evidence) [ 47 ]. 
Mycophenolate mofetil is also teratogenic [ 48 ]. 
An FBC should be performed weekly for 4 weeks 
then fortnightly for 2 months and then monthly 
thereafter. It is also recommended that LFTs be 
performed 12 weekly (Category D evidence) [ 5 ]. 

 In the SITE Cohort Study, mycophenolate 
mofetil was evaluated in 51 eyes of 33 patients 
with scleritis (Category C evidence) [ 42 ]. The 
proportion achieving sustained control of infl am-
mation within 6 and 12 months was 48.7 and 
85.7 % respectively. Of those patients on >10 mg/
day prednisolone initially, an estimated 25.5, 
20.5 and 7.1 % succeeded in tapering their pred-
nisolone dosage to ≤10, ≤5 and 0 mg daily 
respectively within the fi rst 6 months of therapy. 
By 12 months of therapy, 49.4, 44.7 and 7.1 % of 
patients achieved these outcomes. Discontinuation 
data was available for 209 patients overall with 
an estimated 12 % of patients stopping therapy 
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within 1 year due to adverse drug effects. The 
most common side effects leading to discontinu-
ation were gastrointestinal upset (2.5 %), bone 
marrow suppression (1.7 %) and elevated liver 
enzymes (1.3 %). Malaise and allergy were other 
reasons for discontinuation. There were no cases 
of opportunistic infection or progressive multifo-
cal leukoencephalopathy. Mycophenolate mofetil 
appears to be safe and well tolerated in patients 
with ocular infl ammation, and there is some evi-
dence that it may be more effective than the other 
antimetabolites (Category D evidence) [ 49 ].  

   Cyclosporine A 
 Cyclosporine A is a natural metabolite of some 
fungi and is thought to inhibit transcription in 
immunocompetent T cells, blocking their replica-
tion and ability to produce cytokines such as IL-2, 
by inhibiting calcineurin. Two oral preparations are 
available; the microemulsion preparation (Neoral) 
has greater bioavailability than the gelatine capsule 
(Sandimmune), and hence, the two cannot be used 
interchangeably. Cyclosporine A is metabolised in 
the liver and excreted in bile. The usual dose is 
2–5 mg/kg/day in two divided doses. The most 
common serious adverse effects are dose-related 
nephrotoxicity and hypertension with hepatotoxic-
ity occurring less frequently. Blood pressure should 
be checked at every visit and no less frequently 
than monthly initially and then three monthly 
thereafter. Serum creatinine should be checked 
fortnightly initially and then monthly once the dos-
age is stabilised (Category D evidence) [ 5 ]. 

 In the SITE Cohort Study, cyclosporine A was 
evaluated in 23 eyes of 15 patients with scleritis 
(Category C evidence) [ 44 ]. The proportion 
achieving sustained control of infl ammation 
within 6 and 12 months was 62.3 %. Of those 
patients on >10 mg/day prednisolone initially, an 
estimated 52.8, 40.8 and 16.7 % succeeded in 
tapering their prednisolone dosage to ≤10, ≤5 
and 0 mg daily respectively within the fi rst 6 
months of therapy. By 12 months of therapy, 
52.8, 50.6 and 25.0 % of patients achieved these 
outcomes. A systemic autoimmune disease was 
present in 53.3 %, suggesting that cyclosporine A 
is a good treatment option in young patients who 
may otherwise require alkylating agents and wish 

to avoid the risk of sterility associated with these 
agents. Discontinuation data was available for 
312 patients overall with an estimated 10.7 % of 
patients stopping therapy within 1 year due to 
adverse drug effects. The most common side 
effects leading to discontinuation were nephro-
toxicity (4.3 %), hypertension (3.2 %) and ele-
vated liver enzymes (1.1 %). Gingival hyperplasia, 
hirsutism, malaise, opportunistic infection and 
bone marrow suppression were other reasons for 
discontinuation. Compared with 18–39 year olds, 
patients aged 55–64 years and those aged 65 
years or older were more likely to cease treat-
ment due to side effects (relative risk (RR) 3.2 
and 5.7 respectively).  

   Tacrolimus 
 Tacrolimus is a macrolide antibiotic produced by 
 Streptomyces tsukubaensis  which inhibits the 
activation of T lymphocytes in a manner similar 
to that of cyclosporine A. Oral bioavailability is 
incomplete and variable, and monitoring of blood 
concentrations may be necessary. An initial dose 
of 0.10–0.15 mg/kg/day is recommended for 
adult liver transplant patients, but in ocular 
infl ammation, an initial dose of 0.05 mg/kg/day 
may suffi ce. The most common serious adverse 
effects are nephrotoxicity, neurological symp-
toms and hyperglycaemia. Serum creatinine and 
electrolytes, blood urea nitrogen, LFTs, blood 
glucose, lipid profi le and FBC should be per-
formed weekly initially and three monthly there-
after (Category D evidence) [ 5 ]. 

 There is limited reported experience with the 
use of tacrolimus in scleritis. A single case report 
detailed successful prevention of a recurrence of 
necrotising scleritis in a scleral patch graft for 
SINS after two previous scleral patch grafts had 
failed within 1 month of surgery despite the use 
of cyclophosphamide and azathioprine (Category 
D evidence) [ 50 ].  

   Cyclophosphamide 
 Cyclophosphamide is a nitrogen mustard- 
alkylating agent which alkylates purines in DNA 
and RNA, ultimately resulting in cell death. It is 
cytotoxic to both resting and dividing lympho-
cytes, decreasing the numbers of B lymphocytes 
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and activated T lymphocytes. Delayed-type 
hypersensitivity, mixed lymphocyte reactions, 
mitogen-induced and antigen-induced blastogen-
esis and cytokine production are all suppressed. 
Cyclophosphamide can be administered both 
orally (1–3 mg/kg/day) and intravenously (750–
1,000 mg/m 2  body surface area every 3–4 weeks). 
It is metabolised by the liver and excreted primar-
ily by the kidney. Doses need to be reduced by 
30–50 % in patients with renal failure (Category D 
evidence) [ 5 ]. Jabs and colleagues have provided 
detailed guidelines regarding their use of oral 
cyclophosphamide in scleritis patients. The typical 
starting dose was 2 mg/kg/day in conjunction with 
prednisolone 1 mg/kg/day. The prednisolone was 
then tapered and could often be discontinued over 
the fi rst 4–8 weeks of therapy. The goals of treat-
ment were to achieve complete suppression of the 
infl ammation (whilst maintaining the white blood 
cell (WBC) count between 3,000 and 4,000 cells/
ml), maintain quiescence for 1 year and then taper 
and discontinue the cyclophosphamide with a 
total duration of therapy of less than 18 months 
(Category D evidence) [ 4 ]. 

 Due to a high incidence of serious side effects, 
cyclophosphamide is reserved for cases of refrac-
tory necrotising scleritis, and patients should be 
comanaged by a rheumatologist, immunologist or 
other medical physician. The most common seri-
ous adverse effect is dose-dependent, reversible 
bone marrow suppression, which is more common 
in patients older than 65 years. Severe granulo-
cytopenia (neutrophil count <1,000 cells/ml) is 
associated with an increased risk of bacterial infec-
tions. Lymphopenia is associated with opportunis-
tic infections, particularly  Pneumocystis carinii  
pneumonia (PCP), and primary prophylaxis with 
trimethoprim/sulfamethoxazole is recommended. 
Haemorrhagic cystitis is a serious but infrequent 
adverse effect, primarily occurring in individu-
als with bladder stasis or insuffi cient fl uid intake. 
Patients should be encouraged to drink two or more 
litres of fl uid a day. Intravenous pulsed cyclophos-
phamide with concomitant 2-mercaptoethane sul-
phonate also reduces the risk of bladder toxicity 
and cancer. There is a high incidence of sterility, 
and cryopreservation of oocytes or sperm prior 
to commencement of therapy may be considered 

(Category D evidence) [ 5 ]. Cyclophosphamide is 
also teratogenic and there is a potential concern 
regarding the development of late malignancy 
(Category D evidence) [ 40 ,  41 ]. For oral therapy, 
an FBC and urinalysis should be obtained weekly 
initially and at least 4 weekly thereafter. If mild 
bone marrow suppression occurs, the dose should 
be reduced by 25 from 50 mg/day and the FBC 
rechecked in 2 weeks. If the WBC count falls 
below 2,500 cells/ml, cyclophosphamide is dis-
continued until the WBC counts have recovered 
and it can then be reinstituted at a lower dose. If 
haematuria occurs, cyclophosphamide should be 
discontinued (unless an associated life- threatening 
systemic vasculitis dictates otherwise) and a urol-
ogist consulted if the haematuria persists after 3–4 
weeks (Category D evidence) [ 5 ]. 

 In the SITE Cohort Study, cyclophosphamide 
was evaluated in 76 eyes of 48 patients with scle-
ritis (Category C evidence) [ 46 ]. The proportion 
achieving sustained control of infl ammation 
within 6 and 12 months was 53.3 and 82.2 % 
respectively. Of those patients on >10 mg/day 
prednisolone initially, an estimated 30.2, 17.9 
and 0 % succeeded in tapering their prednisolone 
dosage to ≤10, ≤5 and 0 mg daily respectively 
within the fi rst 6 months of therapy. By 12 months 
of therapy, 60.5, 37.8 and 15.9 % of patients 
achieved these outcomes. Discontinuation data 
was available for 195 patients overall with an 
estimated 33.5 % of patients stopping therapy 
within 1 year due to adverse drug effects, usually 
of a reversible nature. The most common side 
effects leading to discontinuation were low WBC 
count (18 %), haematuria or haemorrhagic cysti-
tis (6.5 %), anaemia or low platelet count (4.7 %) 
and opportunistic infection (2.8 %) including one 
death due to PCP. No patient developed a malig-
nancy. Cyclophosphamide therapy resulted in a 
high rate of drug-free disease remission, with 
63 % of patients overall being able to discontinue 
therapy within 2 years of initiation of treatment.  

   Chlorambucil 
 Chlorambucil is an alkylating agent which substi-
tutes an alkyl group for hydrogen ions in organic 
compounds resulting in interference in DNA rep-
lication, DNA transcription and nucleic acid 
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function. Oral bioavailability is variable. 
Chlorambucil is metabolised in the liver before 
being excreted by the kidney. It has a slower 
onset of action than cyclophosphamide. There 
are two approaches in its use in patients with ocu-
lar infl ammatory disease. The fi rst is similar to 
that of cyclophosphamide therapy, with a dose of 
0.1–0.2 mg/kg/day (6–12 mg daily) given for 1 
year after quiescence of disease before tapering. 
The second method is short-term (usually 3–6 
months) high-dose therapy which involves an ini-
tial dose of 2 mg daily for 1 week, followed by 
escalation by 2 mg/day each week until complete 
suppression of the infl ammation is achieved or 
until the WBC drops below 2,400 cells/ml or the 
platelet count drops below 125,000 cells/ml 
(Category D evidence) [ 5 ,  51 ]. 

 Similar to cyclophosphamide, a high incidence 
of serious side effects means chlorambucil is 
reserved for cases of refractory necrotising scleri-
tis, and patients should be comanaged by a rheuma-
tologist, immunologist or other medical physician. 
The most common serious adverse effect is bone 
marrow suppression, which is usually reversible 
but may be prolonged. Opportunistic infections 
may occur and primary PCP prophylaxis is recom-
mended. Sterility usually occurs in men and older 
women, and cryopreservation of oocytes or sperm 
prior to commencement of therapy may be consid-
ered. Chlorambucil is also teratogenic and there is 
a potential concern regarding the development of 
late malignancy. Gastrointestinal upset is uncom-
mon and alopecia and bladder toxicity do not occur. 
An FBC should be performed weekly initially and 
during dose escalation and at least 4 weekly there-
after (Category D evidence) [ 5 ]. 

 Jabs and colleagues substituted chlorambucil 
for cyclophosphamide in two patients with necro-
tising scleritis who developed bladder toxicity. 
The initial dose was 0.1 mg/kg/day and a dosing 
method similar to that of cyclophosphamide was 
utilised. One patient developed reversible leuko-
penia and one patient developed PCP (Category 
D evidence) [ 4 ]. Goldstein and colleagues treated 
53 patients with sight-threatening ocular infl am-
mation, of whom 6 had scleritis, with short-term 
high-dose chlorambucil therapy for a mean dura-
tion of 16 weeks. Five scleritis patients had 

 adequate follow-up of 24 months or more. All 
achieved drug-free disease remission, with only 1 
patient requiring retreatment for 1 week. Among 
all the patients, the most common side effect seen 
was premature ovarian failure in females (26 %) 
and testicular dysfunction in males (12.5 %). Six 
patients (12 %) developed nonophthalmic cuta-
neous herpes zoster and two patients (4 %) 
required a platelet transfusion. No patient devel-
oped a malignancy (Category D evidence) [ 51 ].   

3.1.6.8    Biologic Immunosuppressive 
Agents 

 Biologics are a novel class of agents comprising 
recombinant fusion proteins and monoclonal 
antibodies directed against proinfl ammatory 
cytokines, their receptors and other selected cell 
surface markers. Biologic agents reported in the 
treatment of scleritis include the TNF-α inhibi-
tors etanercept, infl iximab and adalimumab; the 
IL-1 receptor antagonist anakinra; and the IL-2 
receptor antagonist daclizumab and the anti-
 CD20 (B cell) antibody rituximab. Administration 
and monitoring of biologic therapy should be 
performed by a rheumatologist or immunologist. 

   TNF-α Inhibitors 
 TNF-α is a proinfl ammatory cytokine produced 
primarily by cells of the macrophage-monocyte 
lineage, which exists in both soluble and cell mem-
brane-bound forms. Its biologic effects include 
adhesion molecule expression, synthesis of proin-
fl ammatory cytokines and chemokines, activation 
of macrophages and other immune cells and inhibi-
tion of regulatory T cells. Etanercept is a dimeric 
fusion protein consisting of the extracellular 
ligand-binding portion of the human p75 TNF 
receptor linked to the Fc portion of human immu-
noglobulin (Ig) G1. Etanercept inhibits the activity 
of TNF-α by acting as a decoy receptor and com-
petitively binding to soluble TNF-α. Infl iximab is a 
chimeric monoclonal antibody composed of the 
human IgG1 constant region fused with the murine 
variable region recognising TNF. Adalimumab has 
a similar composition but is fully humanised. 
Infl iximab and adalimumab bind to both soluble 
and cell membrane- bound TNF and can also induce 
apoptosis in cells expressing TNF [ 52 ]. 
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 Etanercept is administered subcutaneously. 
The usual dose used in ocular infl ammation is 
25 mg twice weekly or 50 mg weekly. Infl iximab 
is administered via intravenous infusion. 
Typically a loading dose of 3–5 mg/kg is given at 
weeks 0, 2 and 6 and then infusions are continued 
every 6–8 weeks thereafter. Scleritis patients may 
require the interval to be reduced to 4 weekly to 
maintain control of infl ammation (Category D 
evidence) [ 53 ]. Adalimumab is administered sub-
cutaneously. The usual dose is 40 mg fortnightly, 
which may be increased to 40 mg weekly if 
infl ammation is not controlled. TNF-α inhibitors 
have a rapid onset of action and are therefore well 
suited for rescue therapy. Serious adverse effects 
reported with TNF-α inhibitors include reactiva-
tion of latent tuberculosis, new onset of autoim-
mune disease and demyelinating disease and 
congestive cardiac failure. However, generally 
TNF-α inhibitors are well tolerated with infusion 
reactions, upper respiratory tract infections and 
headache being the most common side effects 
seen. TNF-α inhibitors are classifi ed as FDA 
Category B (no defi nite harm but insuffi cient evi-
dence) in pregnancy [ 54 ,  55 ]. 

 The use of TNF-α inhibitors in RA patients 
has been shown to confer a four- to sevenfold 
increased risk of reactivation of latent tuberculo-
sis (Category A evidence) [ 54 ,  55 ]. The risk is 
greater for infl iximab and adalimumab, as com-
pared with etanercept (Category B evidence) 
[ 54 ,  55 ]. Screening and treatment for latent TB 
prior to commencement of a TNF-α inhibitor 
reduces the risk of reactivation in these patients 
(Category B evidence) [ 54 ,  55 ]. Therefore, every 
patient should be thoroughly assessed for the 
possibility of TB prior to initiating TNF-α ther-
apy. Repeat screening should be performed in the 
event of TB exposure and should be considered 
in patients who are at an ongoing risk for TB 
exposure (Category C evidence) [ 54 ,  55 ]. There 
is also an approximately two- to fourfold 
increased risk of serious and nonserious bacterial 
infections (Category B evidence) [ 54 ,  55 ]. The 
most common associated infections are upper 
respiratory tract infections, cellulitis, urinary 
tract infections and pneumonia [ 54 ,  55 ]. TNF-α 
inhibitors should not be given if an active 

 infection is present (Category C evidence) 
[ 54 ,  55 ]. TNF-α inhibitors do not appear to sig-
nifi cantly increase the risk of reactivating chronic 
viral infections (Category C evidence) [ 54 ,  55 ]. 

 Autoantibody formation is common following 
TNF-α inhibitor therapy, but development of 
antiphospholipid and lupus-like clinical syn-
dromes is rare (Category C evidence) [ 54 – 56 ]. 
TNF-α inhibitors should be discontinued in the 
case of a new onset of a clinical picture sugges-
tive of SLE, lupus-like syndrome or vasculitis 
[ 56 ]. There are also rare reports of new-onset 
multiple sclerosis, optic neuritis and peripheral 
neuropathies occurring in patients being treated 
with any of the three TNF-α inhibitors (Category 
C evidence) [ 54 ,  55 ]. Accordingly, these agents 
are contraindicated in patients with a history of 
demyelinating disease and should be discontin-
ued if new neurological symptoms develop [ 56 ]. 

 Studies examining the risk of congestive car-
diac failure in RA patients with TNF-α inhibitors 
have shown inconsistent results [ 54 ,  55 ]. 
However, a pilot RCT investigating the use of inf-
liximab in congestive heart failure found an 
increased risk of death or hospitalisation in the 
group treated with infl iximab (Category B evi-
dence) [ 57 ]. In addition, the FDA’s MedWatch 
program reported 47 cases of new onset or exac-
erbation of heart failure in patients treated with 
infl iximab or etanercept for a variety of systemic 
autoimmune conditions (Category C evidence) 
[ 58 ]. Hence, TNF-α inhibitors are contraindi-
cated in class III/IV heart failure and should 
probably be avoided in patients with any class of 
heart failure. Initial meta-analyses reported a 
higher rate of solid malignancies in RA patients, 
but subsequent analyses with greater patient 
numbers did not demonstrate an increased inci-
dence (Category A evidence) [ 54 ,  55 ]. However, 
in a study of WG patients, some of whom had 
scleritis, combined treatment with etanercept and 
cyclophosphamide had a signifi cantly greater 
risk of developing solid tumours compared with 
those treated with cyclophosphamide alone 
( p  = 0.01) (Category B evidence) [ 59 ]. 

 Most studies regarding the use of TNF-α 
inhibitors in ocular infl ammatory disease have 
revealed very little toxicity. However, one small 
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prospective trial of 23 patients treated with infl ix-
imab therapy for refractory uveitis reported a 
high incidence of serious adverse events, includ-
ing 1 case of new-onset congestive cardiac fail-
ure, 2 possible cases of lupus-like syndrome and 
1 patient who developed endometrial cancer but 
had, unbeknownst to the investigators, an abnor-
mal Papanicolaou test result before entering the 
study (Category D evidence) [ 60 ].
•     Etanercept  

 In a small retrospective study [ 61 ], seven RA 
patients with refractory articular disease were 
treated with etanercept ( n  = 6) or infl iximab 
( n  = 1). Of the six patients treated with etaner-
cept, one patient achieved complete quies-
cence of scleritis, one patient had minimally 
active scleritis and in one patient etanercept 
was ineffective for the scleritis; the other three 
patients developed bilateral scleritis for the 
fi rst time, 1, 2 and 6 months after commencing 
etanercept. These results mirror the reported 
experience of etanercept in the treatment of 
uveitis in ankylosing spondylitis patients, in 
which etanercept has variously been found to 
have some benefi t, no effect or be linked with 
onset or recurrence of uveitis [ 62 ]. In contrast, 
a retrospective study by Hernandez-Illas and 
colleagues reported resolution of diffuse or 
necrotising anterior scleritis in all eight 
patients, seven of whom had an associated 
systemic autoimmune disease. However, data 
regarding concomitant immunosuppressive 
therapy and length of follow-up were not pro-
vided [ 63 ]. There were no recorded systemic 
adverse effects in the patients taking  etanercept 
in either study [ 61 ,  63 ].  

•    Infl iximab  
 In a retrospective study by Sobrin and col-
leagues, 27 patients with refractory ocular 
infl ammatory disease, of whom 10 had scleri-
tis, were treated with infl iximab with a mean 
follow-up of 25.6 months. Of the scleritis 
patients, 9 (90 %) achieved complete resolu-
tion of infl ammation and 6 (60 %) were able to 
discontinue or decrease the dose of their con-
comitant immunosuppressive therapy. Three 
patients, all with scleritis, were able to achieve 
drug-free remission. The authors noted that 

scleritis patients may be a subgroup who 
responds well to infl iximab therapy (Category 
D evidence) [ 64 ]. In a more recent report from 
the same institution [ 53 ], 10 patients with 
refractory scleritis, 7 of whom had received 
prior therapy with an alkylating agent, were 
treated with infl iximab with a mean follow-up 
of 16.4 months. Infl iximab 5 mg/kg was given 
at weeks 0 and 2 as a loading dose and then 
continued 4–8 weekly thereafter. Nine (90 %) 
patients achieved complete resolution of 
infl ammation with 6 (60 %) being able to dis-
continue all concomitant immunosuppressive 
therapy. The mean time to a clinical response 
was 13 weeks with most patients requiring 4 
weekly infusions to maintain quiescence. One 
patient (10 %) developed a lupus-like reaction 
necessitating discontinuation of infl iximab 
and two patients developed streptococcal 
upper respiratory tract infections. 

 Sen and colleagues conducted a prospec-
tive open label pilot study in fi ve patients with 
refractory, non-necrotising anterior scleritis. 
Infl iximab 5 mg/kg was administered at 
weeks 0 and 2 and then 4 weekly through to 
week 30 after which the infusion interval was 
increased. All patients initially achieved qui-
escence by week 14, but this could not be sus-
tained in 1 patient. Three (60 %) patients 
were able to taper prednisolone to <10 mg/
day, but none achieved drug-free remission. 
Two patients developed nonserious adverse 
effects, including urinary tract infection, 
upper and lower respiratory tract infections, 
ear infection, facial rash and headache, all of 
which resolved spontaneously or with appro-
priate treatment [ 65 ].  

•    Adalimumab  
 There is a single case report of a patient with 
RA-associated nodular anterior scleritis, who 
was intolerant of oral corticosteroids, being 
successfully treated with adalimumab [ 66 ]. 
At 3 months after commencement of subcuta-
neous adalimumab 40 mg fortnightly, in addi-
tion to methotrexate 20 mg weekly, the 
infl ammation had virtually resolved, and the 
scleritis remained quiescent at 6 months 
follow-up.     
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   Anakinra 
 Anakinra is a recombinant IL-1 receptor antago-
nist, an imitation of the naturally occurring IL-1 
receptor antagonist, which blocks the activity of 
IL-1. IL-1 is a proinfl ammatory cytokine which 
has also been implicated in scleral destruction 
through the induction of MMPS. The usual dose 
in RA patients is 100 mg/day subcutaneously, 
either alone or in combination with methotrexate. 
There is no evidence to date that anakinra is asso-
ciated with an increased risk of tuberculosis 
(Category D evidence) [ 54 ,  55 ]. However, there 
is an increased risk of serious bacterial infection, 
particularly in patients who are also receiving 
corticosteroids, and anakinra should not be com-
menced if a serious infection is present (Category 
A evidence) [ 54 ,  55 ]. There is a high rate (up to 
70 % of patients) of injection-site reactions, but 
these reactions often do not require treatment and 
seem to be moderated with continued use in most 
patients (Category A evidence) [ 54 ,  55 ]. Anakinra 
is classifi ed as FDA Category B (no defi nite harm 
but insuffi cient evidence) in pregnancy [ 54 ,  55 ]. 

 There is a single case report of two patients 
with RA-associated diffuse anterior scleritis who 
were successfully treated with anakinra [ 67 ]. In 
one patient infl iximab was ineffective and the 
other patient developed scleritis while on etaner-
cept treatment for her arthritis. Both were com-
menced on subcutaneous anakinra 100 mg/day in 
combination with methotrexate 10 mg/week. The 
fi rst patient noted a dramatic improvement after 8 
weeks and the scleritis remained quiescent, over a 
period of 3 years, with tapering of prednisolone to 
5 mg/day and methotrexate to 7.5 mg/week. The 
second patient noted remission of symptoms and 
signs after 6 weeks, and the scleritis remained qui-
escent, over a period of 1 year, on anakinra alone.  

   Daclizumab 
 Daclizumab is a humanised monoclonal antibody 
that exerts its immunosuppressive effect through 
competitive antagonism of the alpha (Tac/CD25) 
subunit of the IL-2 receptor on activated T cells, 
effectively preventing the IL-2-mediated stimula-
tion of lymphocytes. Daclizumab was primarily 
used in the prevention of rejection in transplant 
patients, but some success had been reported in its 

use in patients with scleritis and other ocular infl am-
matory diseases. However, it has recently been 
withdrawn from the European market due to manu-
facturing costs not being met by demand [ 68 ].  

   Rituximab 
 Rituximab is a chimeric monoclonal antibody 
directed against CD20, a B cell surface antigen 
expressed by pre-B cells through memory B cells 
but not by stem cells or plasma cells. Rituximab 
is proposed to deplete CD20+ B cells by several 
mechanisms including antibody-dependent cel-
lular cytotoxicity, complement-dependent toxic-
ity and induction of apoptosis. Rituximab can 
deplete peripheral B cells for up to 9 months or 
longer after a single course of therapy. B cells not 
only produce autoantibodies but also produce 
proinfl ammatory cytokines, present antigens to T 
cells and provide costimulatory signals essential 
for T-cell activation, clonal expansion and effec-
tor function [ 69 ]. In patients with scleritis, the 
usual dose is two 1 g intravenous infusions (given 
with 100 mg IV methylprednisolone or equiva-
lent) separated by an interval of 2 weeks. In RA 
patients, repeated treatment courses have been 
shown to be effective in initial responders 
(Category C evidence) [ 54 ,  55 ]. Serious adverse 
events reported with rituximab include viral reac-
tivation, type III hypersensitivity reactions (more 
common in patients with an underlying autoim-
mune condition) and a severe, life-threatening 
condition known as cytokine release syndrome 
(seen in non-Hodgkin lymphoma (NHL) patients) 
[ 69 ]. However, generally rituximab is well toler-
ated with mild to moderate infusion reactions 
being the most common adverse event. Rituximab 
is classifi ed as FDA Category C (no human stud-
ies and animal studies either show risk or are 
lacking; however, potential benefi ts may justify 
potential risks) in pregnancy [ 54 ,  55 ]. 

 There is an increased risk of certain viral infec-
tions, including cytomegalovirus, HSV, VZV, hep-
atitis B virus and JC virus in patients treated with 
rituximab. Fatal hepatitis B reactivation has been 
reported in NHL patients treated with rituximab. 
Hence, rituximab is contraindicated in patients 
with hepatitis B, and hepatitis B status should be 
checked before treatment. Rituximab appears safe 
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in patients with hepatitis C (Category D evidence) 
[ 54 ,  55 ]. Cases of PML have been reported in 
patients treated with rituximab who have underly-
ing disorders that independently carry a risk for 
PML [ 47 ]. There is a small increased risk of seri-
ous bacterial infections which does not appear to 
increase further with repeated courses (Category 
A and D evidence) [ 54 ,  55 ]. There is no evidence 
of an increased incidence of tuberculosis in NHL 
patients treated with rituximab [ 54 ,  55 ]. Rituximab 
should not be given in the presence of serious or 
opportunistic infection [ 54 ,  55 ]. Infusion reactions 
are most common with the fi rst infusion of the fi rst 
course (up to 35 %) and are reduced with the sec-
ond and subsequent infusions (5–10 %). 
Concurrent administration of intravenous cortico-
steroids reduces the incidence and severity of infu-
sion reactions by about 30 % without impacting on 
effi cacy (Category A evidence) [ 54 ,  55 ]. 

 The reported use of rituximab in the treatment 
of scleritis is limited to single case studies and a 
few small case series. Chauhan and colleagues 
presented three cases of RA-associated scleritis 
which were successfully treated with rituximab. 
A cycle of 2 rituximab infusions (1 g/infusion 2 
weeks apart) resulted in remission of joint and 
eye disease in all three patients at a follow-up of 6 
months (two patients) or 2 years (one patient) [ 70 ]. 
Taylor and colleagues retrospectively reviewed 
data from ten consecutive patients with refractory 
ophthalmic WG who were treated with rituximab. 
Of the ten patients, there were three cases in which 
refractory scleritis was the primary reason for 
treatment. Of these, all three were either on cyclo-
phosphamide or had been previously treated with 
cyclophosphamide at the time of commencement 
of rituximab therapy. Remission was achieved 
after a single cycle of 2 rituximab infusions (1 g/
infusion 2 weeks apart) in all three patients within 
7 months. One patient was retreated at 6 months 
due to a return of B cells and proteinase 3, but 
remained in clinical remission throughout this 
period. All three patients were able to taper pred-
nisolone to ≤7.5 mg/day, with only one requir-
ing a concomitant second-line agent (azathioprine 
100 mg/day) at 12 months follow-up. Rituximab 
was well tolerated in all ten patients with no sig-
nifi cant adverse effects [ 71 ]. 

 Preliminary results from a phase I/II prospective 
randomised dose-ranging pilot study [ 72 ] of the 
use of rituximab in the treatment of refractory scle-
ritis and noninfectious orbital infl ammation have 
also been encouraging. Patients were randomised 
to receive either 500 mg or 1 g infusions of ritux-
imab on study days 1 and 15. Retreatment was per-
mitted after week 24 for initial responders. Primary 
endpoints of the study, measured at weeks 24 and 
48, were corticosteroid tapering by at least 50 % 
and a two step decrease in disease activity grading 
score. Of the 10 patients with scleritis, 3 (30 %) 
achieved corticosteroid tapering and 8 (80 %) had 
improvement in disease activity score at week 24. 
Seven patients (70 %) required retreatment at a 
mean of 32 weeks. Of the 20 patients overall, 6 of 
the fi rst 7 enrolled had early post-infusion infl am-
matory exacerbations, but peri-infusional cortico-
steroids decreased the incidence to 2 of the last 13 
(15 %) patients. Four patients (20 %) had an infu-
sion reaction, and to date there has been 1 case each 
of cellulitis, recurrent genital herpes and exacerba-
tion of psoriasis.    

3.1.7     Future Directions 

 Scleritis is a rare disease and collecting data on its 
clinical features and treatment outcomes is diffi cult. 
Conducting randomised clinical trials to evaluate 
new therapies is also not feasible at this time. 
Collaborative studies using standardised activity 
scoring systems, photographic documentation and 
Internet-based databases (  www.scleritisonline.com    ) 
offer the best approach at present to gather useful 
prospective data on scleritis and its management. 
Such studies are being established at present. Studies 
using this technology should allow clinicians to 
establish the safety and effi cacy of current treat-
ments such as subconjunctival triamcinolone and 
other potential new local and systemic therapies.      
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4.1            Introduction 

    Intraocular Infl ammation following cataract 
surgery is a well-recognized aspect of cataract 
extraction, with severity ranging from transient 
and mild to chronic and severe. While a major-
ity of cataract cases are associated with mild and 
transient infl ammation with no lasting sequelae, 
postoperative infl ammation that is persistent 
and/or moderate to severe can result in major 
sequelae including corneal decompensation, 
chronic uveitis, cystoid macular edema, and 
glaucoma. The end result may be poor visual 
outcomes. There are several causes of anterior 
segment infl ammation following cataract sur-
gery including surgical trauma, infectious agents, 
retained lens material, mechanical trauma asso-
ciated with the implanted artifi cial lens, sterile 
toxic substances, and exacerbation of preexisting 
uveitis. The main subject to be covered in this 
chapter will be noninfectious causes of post-
cataract surgery infl ammation, although infec-
tious etiologies will be briefl y mentioned as they 
are an important part of the differential in both 
acute and chronic cases of postoperative infl am-
mation. Recognizing and accurately diagnosing 
the cause(s) of  infl ammation following cataract 
surgery can lead to early appropriate treatment 
and better outcomes.  
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4.2     Noninfectious, Acute 
Postoperative Intraocular 
Infl ammation 

4.2.1     Infl ammation Secondary 
to Surgery and Surgical 
Complications 

 While modern cataract surgery using phaco-
emulsifi cation is much less invasive and harmful 
to ocular tissues than historical methods, there 
still remains an element of infl ammation that is 
directly related to the surgery itself. Incisional 
and manipulative trauma triggers the infl am-
matory cascade and the conversion of arachi-
donic acid to prostaglandins and thromboxanes 
(cyclooxygenase pathway) and leukotrienes 
(lipoxygenase pathway). The release of these 
infl ammatory mediators, along with histamine 
and various kinins, leads to a breakdown of the 
blood-aqueous barrier [ 1 ]. Longer surgeries 
and those in which extensive manipulations are 
involved can lead to a more pronounced postop-
erative infl ammation. Postsurgical infl ammation 
is evident on exam in the form of aqueous cells, 
fl are, fi brin, and occasionally engorged iris ves-
sels. This infl ammation, while usually transient, 
can be exacerbated by retained lens material or 
mechanical damage to the intraocular structures 
from an implanted intraocular lens (IOL). 

 Perioperative topical NSAID and cortico-
steroid use has become commonplace in an 
attempt to reduce surgically induced infl am-
mation, although opinions on the proper usage 
differ among ophthalmologists. The anti-infl am-
matory properties of NSAIDs lie in blocking the 
cyclooxygenase (COX) enzymes, which play an 
important role in the synthesis of prostaglandins 
from arachidonic acid, whereas corticosteroids 
block both the cyclooxygenase and lipoxygenase 
pathways. By inhibiting prostaglandin produc-
tion, NSAIDs reduce the intraocular effects of 
prostaglandins including vasodilation, leukocyte 
migration, and breakdown of the blood-aqueous 
barrier [ 2 ]. NSAIDs have been shown to be ben-
efi cial in the prevention of surgically induced 
miosis, reducing postoperative infl ammation, pre-
venting and treating cystoid macular edema, and 

decreasing  postoperative discomfort and pain. 
Corticosteroids are commonly used postopera-
tively in a 1- to 6-week course and perform well 
in reducing postoperative infl ammation, although 
they carry a risk of increasing intraocular pressure 
(IOP) and complications if used long term [ 2 ,  3 ]. 

 When used appropriately, studies support the 
effi cacy of the suprofen 1 %, fl urbiprofen 0.03 %, 
diclofenac 0.1 %, ketorolac 0.4 and 0.5 %, indo-
methacin 1 %, nepafenac 0.1 %, and bromfenac 
0.09 % in decreasing postoperative infl ammation 
after cataract surgery without signifi cant toxicity. 
With the exception of the indomethacin, nepafe-
nac, and bromfenac, all have been found to also 
be effective in preventing miosis during cataract 
surgery. In addition, studies have shown that peri-
operative topical NSAID use has a measurable 
benefi cial effect on visual acuity after cataract 
surgery and that using NSAIDs in addition to 
corticosteroids has an additive effect [ 2 ]. 

 The use of heparin in the irrigating solution 
also has been evaluated as a method to decrease 
post-cataract surgery infl ammation. Although tra-
ditionally an anticoagulant, heparin has also been 
found to possess anti-infl ammatory effects as well 
[ 4 ]. Several studies have shown a decrease in 
infl ammatory markers on exam in the early post-
operative period [ 5 ,  6 ]. There is some evidence 
that heparin should be used with caution in 
patients with a blood-aqueous barrier disturbance 
such as patients with diabetes or uveitis, as it can 
predispose to bleeding and postoperative hyphema 
[ 7 ]. Heparin has been shown to be safe and effec-
tive in pediatric cataract surgery as well [ 8 ]. Low-
molecular-weight heparin, which carries less of a 
risk of bleeding complications but still retains its 
anti-infl ammatory properties, has shown similar 
reductions in early postoperative infl ammation 
when added to the irrigating solution [ 9 ].  

4.2.2     TASS 

4.2.2.1     Introduction/Pathophysiology 
 Toxic anterior segment syndrome (TASS), a term 
fi rst coined in 1992 by Monson et al. [ 10 ], is a 
sterile infl ammation of the anterior segment, 
most commonly seen following anterior segment 
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surgery. Occurrences of TASS are rare in general, 
with cases often occurring in groups or clusters, 
but also seen in individual cases. It is important 
to distinguish TASS from infectious cases of 
postoperative infl ammation as their presentations 
can be somewhat similar but their treatments are 
signifi cantly different. 

 The pathophysiology of TASS involves the 
common end point of damage to the corneal 
endothelial cell layer, iris, and trabecular mesh-
work from toxic insult and widespread break-
down of the blood-aqueous barrier. The possible 
causative agents of the damage are many, and 
possible suspects include any substance that 
enters the eye either during or immediately after 
surgery. A thorough and detailed investigation is 
often required to fi nd the cause. Two broad cate-
gories for common etiologic causes of TASS 
include (1) instrument cleaning and sterilization 
and (2) the concentration and composition of any 
liquids and medications used intraocularly. In 
addition, there are many other avenues in which 
the sensitive corneal endothelial cells and intra-
ocular tissue can come in contact with damaging 
chemicals or substances, many of which will be 
detailed in the following discussion. 

 It is diffi cult to accurately determine the true 
incidence of TASS, as the reporting of cases by 
surgical centers and physicians is not mandatory 
and many may feel that mild cases are not of 
enough signifi cance to report. Adding to the dif-
fi culty is the sporadic nature of the occurrences, 
with a surgeon or surgical center often having 
hundreds to thousands and even tens of thou-
sands of surgeries without a TASS case, and then 
having multiple cases on the same day. While not 
indicating incidence, a recent report summariz-
ing the data from all the cases reported to the 
ASCRS-supported TASS Task Force over a 
3-year period showed that at 68 centers that had 
experienced TASS cases, 909 cases of TASS 
were seen out of 50,114 cataract surgeries per-
formed concurrently at the centers [ 11 ].  

4.2.2.2     Patient Presentation 
 The most common clinical symptom seen in TASS 
patients is signifi cant blurred vision. The eye can 
also be irritated and injected. On slit lamp exam, 

the blurred vision is confi rmed to be secondary to 
cornea edema. This edema is diffuse and is often 
described as being “limbus to limbus,” helping the 
clinician to distinguish between TASS and postop-
erative focal edema with diffi cult cataract surgeries 
(Figs.  4.1  and  4.2 ). The second most striking fea-
ture of TASS is the anterior segment infl ammation, 
seen as fi brin, infl ammatory cells, and aqueous 
fl are in the anterior chamber. This infl ammation is 
a result of prostaglandin production and release, 

  Fig. 4.1    TASS syndrome – diffuse or “limbus to limbus” 
corneal edema from widespread endothelial damage 
(Reprinted from Mamalis et al. [ 12 ], copyright ©2006, 
with permission from Elsevier)       

  Fig. 4.2    TASS syndrome – slit lamp photomicrograph 
showing Descemet’s folds and corneal thickening second-
ary to edema (Reprinted from Mamalis [ 13 ], copyright 
©2009, with permission from American Academy of 
Ophthalmology)       
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which facilitates disruption of the blood-ocular 
barrier and leukocyte migration [ 2 ]. Secondary to 
the infl ammation, an inferior hypopyon is often 
seen, as are strands of fi brin which can extend 
from the wound or side-port incisions and/or 
between the intraocular lens and iris (Fig.  4.3 ). Iris 
and pupillary abnormalities can be seen, such as 
transillumination of a thinned iris or a permanently 
dilated iris or pupil (Fig.  4.4 ). In addition, signifi -
cant damage to the trabecular meshwork can lead 
to a secondary glaucoma [ 12 ,  13 ].

      A patient presenting with acute postopera-
tive anterior segment infl ammation should be 
closely examined and a brief history taken in 
order to  distinguish between infectious and non-
infectious causes. While it is sometimes diffi cult 
to discern between the two causes as they often 
share the signs of blurry vision, eye redness, and 
in some cases pain, the following generalities 
in the presentation of patients with TASS and 
infectious endophthalmitis can help the clini-
cian determine the etiology of the infl ammation. 
TASS patients characteristically present earlier, 
anywhere from 12 to 48 h postoperatively but 
typically within 24 h, are always gram stain and 
culture negative, have diffuse corneal edema, 
have infl ammatory cells and fi brin in the ante-
rior chamber and/or a hypopyon, and can show 
pupil/iris changes. Infectious endophthalmitis 
cases characteristically present later, usually 
2–7 days postoperatively with the exception of 
highly virulent strains of bacteria, can have a 
positive gram stain or culture and do not typi-
cally have diffuse corneal edema or pupil/iris 
changes (Fig.  4.5 ). In addition, TASS cases 
tend to be limited to the anterior chamber, with 
rare spillover into the vitreous, whereas infec-
tious endophthalmitis cases commonly involve 
the vitreous. Patients with endophthalmitis are 
also more likely to have pain, whereas pain is 
usually absent in patients with TASS unless 
the infl ammation is severe. If treatment with 

  Fig. 4.3    TASS syndrome – anterior segment infl amma-
tion with hypopyon (Reprinted from Mamalis et al. [ 12 ], 
copyright ©2006, with permission from Elsevier)       

  Fig. 4.4    TASS syndrome – dilated, atrophic iris with 
irregular pupil (Reprinted from Mamalis et al. [ 12 ], copy-
right ©2006, with permission from Elsevier)       

  Fig. 4.5    Acute infectious endophthalmitis       
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steroids is begun, TASS patients will generally 
improve, whereas acute infectious endophthal-
mitis patients will not [ 12 ,  13 ].

4.2.2.3        Etiology/Causes 
 The etiologies of TASS are many and one must 
often evaluate all surgical procedures and proto-
cols to discover possible causes and reduce the 
risk of future occurrences. Proper instrument 
cleaning and sterilization plays a key role in the 
prevention of TASS. Since the phaco- and I/A 
handpieces enter and spend time within the eye, 
they can potentially act as a conduit to allow 
toxic materials to enter the eye. Residual OVD or 
cortex from previous cataract surgery, detergent 
or enzyme residue from cleaning solutions, endo-
toxin from ultrasound baths, and condensates 
from impure cleaning water used by sterilization 
equipment [ 14 ] all can gain access to the anterior 
chamber during surgery and cause TASS. 

 Ophthalmic instruments used in cataract sur-
gery differ from most other general surgical 
instruments in that they accumulate very little 
bioburden during their use. As such, their clean-
ing and sterilization processes should not be 
assumed to be the same as other surgical instru-
ments. Two methods commonly used to remove 
bioburden from surgical instruments are washing 
with detergents and/or enzymes and putting the 
instruments in an ultrasound bath. Both of these 
methods should be used with caution in 
 ophthalmic instrument cleaning. Detergents and 
enzymes can remain on the instruments if not 
well fl ushed with sterile water following their 
cleaning, and autoclaving will not cause them to 
be fully inactivated [ 15 ]. Ultrasound baths can 
become contaminated with bacteria that produce 
heat-stable endotoxins if not cleaned often (at 
least daily) and properly [ 16 ]. The bacteria will 
be killed by autoclaving, but the endotoxin can 
remain active, attach to the instruments, and 
cause toxicity if injected into the eye [ 12 ,  13 ]. 

 A key step in proper cleaning and sterilization 
of instruments is to fl ush the handpieces and any 
reusable cannulas immediately after use with at 
least 120 cm 3  of sterile deionized or sterile dis-
tilled water per port [ 11 ]. If immediate fl ushing is 
not available, the instruments can be set in a ster-

ile water bath until fl ushed to prevent the drying 
of material on their surfaces or within the lumens, 
as once OVD or cortex has dried, it can be signifi -
cantly more diffi cult to remove. This fl ushing 
will serve to remove any small amount of OVD 
or cortex that may have attached to the instru-
ments and will make unnecessary the use of 
enzymes, detergents, or an ultrasound bath as the 
bioburden will have been removed. Further 
guidelines of cleaning and sterilizing ophthalmic 
instruments can be found in the special report by 
ASCRS and ASORN entitled “Recommended 
Practices for Cleaning and Sterilizing Intraocular 
Surgical Instruments” [ 17 ]. 

 In addition to improper instrument cleaning 
and sterilization, improper concentration and/
or composition of any solution that has access to 
the anterior chamber during cataract surgery can 
lead to infl ammation and TASS. Preservatives and 
stabilization agents have been found to be toxic 
to corneal endothelium; thus, all fl uids that enter 
the eye should be preservative-free. Lidocaine 
used for intraocular anesthesia should be ensured 
to be methylparaben-free (MPF), as methylpara-
ben is a preservative linked to endothelial toxicity. 
Epinephrine that is added to BSS during surgery 
should be free of stabilizing agents such as bisul-
phites and metasulphites [ 18 ]. OVD that contains 
the preservative benzalkonium chloride should be 
avoided [ 19 ]. All of the offending agents can lead to 
toxicity of the corneal endothelium, corneal edema, 
and postoperative infl ammation [ 12 ,  13 ,  20 ]. 

 The concentration and composition of 
solutions used intraocularly should also be 
closely monitored for adherence to guidelines. 
Antibiotics, such as gentamicin or vancomycin, if 
bought as a concentrate, must be diluted properly 
or they can cause cornea toxicity. Lidocaine at a 
level of 2.0 % or higher has caused signifi cant 
corneal thickening and opacifi cation postopera-
tively [ 21 ]. Any abnormality in the composition 
of BSS used for surgical irrigation (i.e., incorrect 
pH, osmolarity, ionic composition, or contami-
nants) can be a source of cell damage and subse-
quent TASS [ 22 – 24 ]. Even solutions that would 
otherwise be harmless can cause infl ammation 
and TASS if in contact with the anterior cham-
ber tissues for an extended period of time. One 
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example of this phenomenon is cases of TASS 
caused by signifi cant amounts of OVD left in the 
anterior segment at the conclusion of surgery. 

 Even after surgery, a poorly constructed 
wound or wounds that are not watertight can 
allow access to the anterior chamber of the eye. 
Many drops and ointments, as they are not manu-
factured for use inside the eye, contain preserva-
tives that are toxic to corneal endothelial cells. 
The application of ointment to the postsurgical 
eye should not be done under a tight pressure 
patch, as this has been shown to facilitate ingress 
of ointment into the anterior chamber with result-
ing infl ammation [ 25 ]. Patients should be coun-
seled to avoid rubbing the eye during the 
immediate postoperative period, as anecdotal 
evidence has suggested that this may contribute 
to a temporary decrease in wound integrity which 
allows access to the anterior chamber for toxic 
and possibly infectious agents. 

 As there are many people, procedures, prod-
ucts, and variables involved in bringing about a 
single cataract surgery, there are many places 
where seemingly small missteps or mistakes can 
lead to an end result of TASS for the patient. 
Thus, proper training and continuing education 
for surgeon and staff and review of pertinent pro-
cedures and protocols are crucial parts of TASS 
prevention. All individuals involved should 
remain vigilant in their respective duties to ensure 
all precautions are taken to prevent TASS. 
A TASS outbreak is a serious problem and 
requires a complete analysis of all cleaning and 
sterilization protocols and all medications and 
fl uids used during surgery.  

4.2.2.4     Treatment 
 The most effective way to deal with TASS is to 
prevent it from happening, as once the offending 
agent is in the eye and has caused damage, there 
is little that can be done other than attempt to sup-
press the infl ammatory response. As maximal 
damage has presumably already occurred, ante-
rior chamber washout is not routinely recom-
mended and often deemed unhelpful. The 
treatment of TASS should begin immediately 
after diagnosis has been established and infec-
tious etiology ruled out. If there is uncertainty 

regarding a patient’s diagnosis but TASS is most 
likely according to the patient’s presentation and 
symptoms, treatment for TASS should begin and 
the patient followed closely. A low threshold 
should be maintained for vitreous tap and antibi-
otic injection if there is no clinical improvement. 

 The mainstay of treatment is topical cortico-
steroids, aimed at decreasing the infl ammatory 
response to the toxic insult and limiting damage 
to intraocular tissue. Prednisone acetate 1 % 
drops should be used topically every 1–2 h and 
the patient followed carefully for the fi rst several 
days to monitor for improvement. Slit lamp 
exams should be used often to monitor for the 
resolution of infl ammation and corneal edema. 
Intraocular pressure should also be checked fre-
quently, as the toxic insult can damage the tra-
becular meshwork, cause infl ammation (acute 
trabeculitis), and lead to increased IOP. 
Ophthalmologists should be aware that the IOP 
can initially be low due to a disruption in aqueous 
humor production, but with recovery of aqueous 
production, the IOP can increase rapidly, thus 
illustrating the need for close follow-up for sev-
eral days after the initial insult. In some cases 
there can be permanent damage to the trabecular 
meshwork, leading to a glaucoma that is refrac-
tory to treatment. Patients should also be moni-
tored for the formation of anterior synechiae, 
secondary to the infl ammatory response, which 
can lead to a secondary glaucoma. Topical 
NSAIDs and systemic steroids have not been 
evaluated for use in TASS as of this writing; how-
ever, their use in TASS, especially severe cases, 
is recommended by some ophthalmologists. The 
reduction in infl ammation associated with topical 
NSAIDs [ 2 ] makes their use logical in cases of 
severe TASS [ 12 ,  13 ].  

4.2.2.5     Outcomes 
 The clinical outcomes for patients with TASS 
vary depending on the type, amount, and duration 
of the toxic insult. Patients with mild cases often 
recover fully, with the infl ammation clearing rap-
idly and the cornea edema clearing over days to 
weeks with no long-term sequelae. Moderate 
cases can take weeks to months for the cornea 
edema to clear, with the possibility of some 
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 residual corneal edema and/or increased IOP. 
Severe cases often involve permanent damage to 
the eye, such as corneal edema that does not 
resolve, permanent iris damage resulting in a 
fi xed, dilated pupil and thinned iris stroma, and 
signifi cantly increased IOP secondary to trabecu-
lar meshwork damage and peripheral anterior 
synechiae that is refractory to medical treatment 
alone. Severe cases not uncommonly lead to 
endothelial or penetrating keratoplasty and/or 
glaucoma surgery [ 12 ,  13 ].   

4.3     Subacute or Chronic 
Postoperative Intraocular 
Infl ammation 

 TASS cases and patients with a virulent bacterial 
endophthalmitis will start experiencing typical 
symptoms and exhibiting typical signs hours 
(more likely TASS) to days (more likely endo-
phthalmitis) after surgery. However, if the infl am-
mation arises weeks to months or even years after 
surgery, other conditions should be considered. 
The differential for such a reaction is wide and 
includes mechanical damage and infl ammation 
from an implanted IOL (uveitis-glaucoma- 
hyphema syndrome), an infl ammatory reaction to 
retained lens protein or cortex, an infl ammatory 
reaction to polymers used in IOL manufacturing, 
or a reaction to postoperative ointments that gain 
access to the anterior chamber. In addition, in any 
patient with a chronic, subacute postoperative 
infl ammation, a low virulence bacterial or fungal 
infection should also be considered.  

4.3.1     Uveitis-Glaucoma-Hyphema 
Syndrome 

 Uveitis-glaucoma-hyphema (UGH) syndrome is 
characterized by a mechanical rubbing or chaff-
ing of the iris or angle structures by an intraocu-
lar lens implant. In the past this syndrome was 
associated with poorly designed or fi nished 
lenses, but improvements in IOL manufacturing 
and a predominance of posterior chamber IOL 
placement in the capsular bag has reduced the 

incidence of UGH syndrome. The condition has 
been associated most often with anterior chamber 
lenses, but has also been seen with posterior 
chamber, sulcus-fi xated, and iris-supported 
lenses. Symptoms can arise weeks to months and 
in some cases years after uneventful cataract 
extraction and intraocular lens placement. The 
pathology involves mechanical damage to the iris 
or angle tissue, a release of iris pigment into the 
anterior chamber, infl ammation, and a collection 
of iris pigment, erythrocytes, and infl ammatory 
markers in the trabecular meshwork resulting in a 
sudden rise in intraocular pressure. Over time, 
with multiple episodes of tissue trauma, the tra-
becular meshwork can be permanently damaged 
with resulting glaucoma [ 26 ]. 

 A patient will present with blurry vision, red-
ness, photophobia, and sometimes pain in addi-
tion to one or all of the typical exam fi ndings of 
AC infl ammation, microhyphema, and increased 
intraocular pressures. The uveitis can be treated 
topically with corticosteroids and may resolve if 
maximal damage has already been done, but 
recurrent episodes of tissue damage and infl am-
mation is common. Removal or exchange of the 
offending IOL is the most defi nitive treatment, 
but does not always bring signifi cant improve-
ments in visual outcomes [ 26 ,  27 ].  

4.3.2     Infl ammation Secondary 
to Lens Protein 

 The normal eye appears to have an immunologic 
tolerance to a small amount of lens antigen, such 
that if a small amount of cortex remains after 
cataract surgery, it will not cause a reaction. 
However, if a moderate to large amount of lens 
protein or cortex is retained in the eye following 
surgery, an IgG immune-mediated granuloma-
tous infl ammation can occur. This infl ammatory 
condition has been called by many names, includ-
ing phacoantigenic uveitis, phacoanaphylactic 
uveitis, phacotoxic uveitis, phacoantigenic endo-
phthalmitis, phacoanaphylactic endophthalmitis, 
and lens-induced granulomatous endophthalmi-
tis. The pattern of infl ammation on histology is 
that of a zonal granuloma. Often the center of the 
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infl ammatory response consists of a nidus of neu-
trophilic infl ammation around the degenerating 
lens material followed by concentric layers of 
infl ammatory cells. Present in the inner layers of 
the infl ammation are multinucleated giant cells, 
with epithelioid cells, eosinophils, plasma cells, 
lymphocytes, and histiocytes containing phago-
cytized lens material seen in the intermediate and 
outer layers of cells [ 28 ]. Similar fi ndings are 
also seen in cases of trauma during which the 
lens capsule is ruptured and lens protein is 
exposed to the anterior chamber. 

 The patient will often present with a red, painful 
eye, and anterior chamber infl ammation with cells, 
fl are, and keratic precipitates. The course of the 
disease may include a chronic cystoid macular 
edema. The patient may develop glaucoma from 
trabecular meshwork blockage and posterior syn-
echiae formation, with late complications of 
cyclitic membrane formation, hypotony, and phthi-
sis bulbi. Steroid treatment can bring a remission of 
symptoms if the amount of lens protein is small, 
but uveitis can recur upon cessation of treatment if 
all the lens material has not been resorbed. 
Treatment for more severe cases involves topical 
and systemic corticosteroids, with mydriatic and 
cycloplegic agents used as well. The defi nitive cure 
involves removing all lens protein, thus removing 
the source of the infl ammatory reaction. 

 Involvement of the fellow eye, similar to sym-
pathetic ophthalmia, has been observed, with the 
infl ammation in the fellow eye following that of 
the fi rst in time. In rare cases sensitization to lens 
protein during cataract surgery in one eye can 
lead to an early onset of infl ammation when the 
capsule is ruptured (surgically or traumatically) 
in the fellow eye [ 28 ,  29 ].  

4.3.3     Delayed-Onset TASS 

 Most TASS cases are acute, but there have been 
several instances of a sterile, postoperative 
infl ammation that occurs further out from sur-
gery than the typical TASS case. In these cases, 
the onset of infl ammation is delayed for days to 
even several weeks and years postoperatively. 

One etiology of this delayed-onset infl ammatory 
response is postoperative ointment that has 
gained access to the anterior chamber. A report 
by Werner et al. surmised that if the application 
of ointment postoperatively is followed by tight 
patching, the risk of ointment moving into the 
anterior chamber is increased (Fig.  4.6 ) [ 25 ]. The 
response to the ointment appeared to be dose- 
dependent, with higher doses causing symptoms 
acutely and lower doses presenting after a delay 
in onset of infl ammation. In addition, Jehan et al. 
described a series of 10 patients that experienced 
a delayed-onset (1–21 days postoperative) 
infl ammatory reaction to a specifi c intraocular 
lens, the MemoryLens, which was felt to be sec-
ondary to a residual polishing compound used in 
the lens manufacturing [ 30 ]. Infl ammatory reac-
tions to lens material, rough edges, and sub-
stances used in lens manufacturing were more 
common in the 1970s–1980s, but have not been 
as prevalent in the past 10–20 years due to 
advances in the manufacturing process.

4.4         Infectious 

 While this chapter is primarily focused on non-
infectious etiologies of postoperative infl am-
mation, infectious etiologies form an important 

  Fig. 4.6    Topical ointment in the anterior chamber 
(Reprinted from Mamalis et al. [ 12 ], copyright ©2006, 
with permission from Elsevier)       
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part of the differential diagnosis for subacute 
or chronic postoperative infl ammation; thus, 
they will be mentioned briefl y. In any patient 
with a delayed-onset, low-grade infl amma-
tion that is partially responsive to steroids or 
initially responsive but recurs with cessation 
of treatment, a fungal endophthalmitis or low-
grade bacterial endophthalmitis should be con-
sidered. This type of endophthalmitis has been 
known by several terms over the years, includ-
ing localized, chronic, indolent, and saccular 
endophthalmitis. The species most frequently 
associated with an infectious, delayed-onset 
infl ammation following cataract surgery include 
 Propionibacterium acnes ,  Staphylococcus epi-
dermidis ,  Candida parapsilosis , and  Aspergilla  
species [ 31 ,  32 ]. 

 Patients with a low-grade, bacterial, or fungal 
endophthalmitis have a smoldering infl ammation 
that can be unresponsive to corticosteroid treat-
ment or initially responsive but recurring. The 
infection is characterized by bacteria or fungi 
that are sequestered in the capsular bag after the 
natural lens has been removed. The two most 
common causative agents are  Propionibacterium 
acnes  and coagulase-negative  Staphylococcus  
(e.g.,  Staph. epidermidis ), both of which are 
common skin and conjunctival fl ora. Classic 
fi ndings upon examination include a white plaque 
that is seen within the capsule, representing a 
localized collection of the microbes, in the set-
ting of decreased vision, conjunctival injection, 
infl ammation with or without hypopyon, and 
keratic precipitates (Fig.  4.7 ) [ 33 ]. The localized 
collection of microbes has been found to be par-
ticularly diffi cult to eradicate without capsulec-
tomy. While often localized, the collection of 
bacteria or fungi can also be spread around the 
bag 360°. Mild cases have seen resolution with 
corticosteroid drops and in some cases oral anti-
biotics [ 34 ], whereas moderate cases require sur-
gical intervention. Fifty percent of patients who 
undergo pars plana vitrectomy, partial capsulot-
omy, and intravitreal injection of vancomycin 
have a recurrence of the infl ammation, and the 
defi nitive treatment includes a vitrectomy with 
total capsulotomy [ 35 ,  36 ].

       Conclusion 

 Infl ammation following cataract surgery is a 
well-recognized aspect of cataract extraction, 
with cases ranging from mild and transient to 
severe and chronic. While many cases resolve 
with no lasting sequelae, more severe cases 
can lead to additional surgeries and  long-term/
permanent sequelae including corneal damage, 
glaucoma, cystoid macular edema, and chronic 
uveitis. Even though modern surgical tech-
niques incite less infl ammation than previous 
methods, perioperative NSAIDs and cortico-
steroids still play a benefi cial role in reducing 
infl ammation following cataract surgery. Cases 
of TASS should be differentiated from acute 
infectious endophthalmitis, treated appropri-
ately, and a complete analysis of all operating 
room procedures and protocols, instrument 
cleaning and sterilization protocols, and medi-
cations and fl uids used during surgery should be 
undertaken. Cases of subacute or chronic post-
operative infl ammation can be related to UGH 
syndrome, retained lens protein, delayed-onset 
TASS, or subacute infectious endophthalmi-
tis. As cataract surgery with intraocular lens 
placement continues to evolve and include 
new techniques, products, instruments, and 
methodologies, new sources of infl ammation 
may be encountered. Ophthalmologists must 
remain vigilant in identifying the sources of 

  Fig. 4.7     P. acnes  endophthalmitis – white exudative 
material on the posterior lens capsule       
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postoperative infl ammation, be it recognized 
or new sources, and take all necessary and 
appropriate steps to reduce or eliminate their 
occurrence in future patients.     
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5.1            PRK and Infl ammation 

 Modelling corneal curvature by using excimer 
laser indeed implies tissular injury and conse-
quently wound healing response. This phenome-
non defi nitively affects the refractive outcome 
and can be responsible for visual impairment. 
Understanding infl ammatory and healing reac-
tions after photoablations appears essential for 
the safety and accuracy of the procedures. 

 After destroying keratocytes and the extracel-
lular matrix, photorefractive procedures activate 
stromal corneal fi broblasts to produce cytokines 
and chemokines that may modulate wound heal-
ing [ 1 ]. Several chemokines are involved in the 
recruitment and activation of infl ammatory cells 
in the corneal wound healing process [ 2 ,  3 ]. 

 Analysis of extracellular matrix proteins and 
cytokines in tear fl uid after PRK showed increased 
levels of tenascin, TNF-α, and several growth fac-
tors, suggesting that growth- modulating cytokines 
may be involved in healing processes [ 4 – 8 ]. 

5.1.1     Postoperative Infl ammation 
and Corneal Wound Healing 

 The infl ammatory response associated with the 
corneal healing process after excimer laser PRK 
is characterised predominantly by macrophage 
infi ltration [ 9 ]. 

 Macrophages play a central role in the innate 
immune response by engulfi ng, processing, and 
destroying foreign invaders. Macrophages also 
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play a crucial role in cell-mediated immune 
responses as antigen-presenting cells that initiate 
specifi c immune responses, as a source of various 
cytokines and growth factors, or as effector infl am-
matory cells to perform infl ammatory, tumoricidal, 
or microbicidal activity. In addition, macrophages 
can secrete elastase and collagenase and ingest 
dead tissue or degenerated cells that are impor-
tant for tissue repair and reorganisation [ 10 ,  11 ]. 
Therefore, it is not surprising that macrophages 
are present in the cornea following excimer laser 
PRK. However, during the laser procedure, there 
are no foreign antigens or infectious factors. Thus, 
the macrophage may be recruited to the ablation 
site as an effector cell to engulf cellular debris and 
assist reorganisation of the laser sculpted cornea. 

 Langerhans cells remained relatively stable 
after excimer laser PRK. This is consistent with 
the lack of antigen-presenting activity in the 
excimer laser-related corneal recovery process. 
Furthermore, the mechanism by which cortico-
steroids substantially reduced haze intensity 
could be related to its effect on macrophages [ 9 ]. 

5.1.1.1     Confocal Microscopy Findings 
 During PRK the corneal epithelium is physi-
cally or chemically debrided. After that, the 
Bowman’s layer and part of the anterior stroma 
are ablated by excimer laser. A few hours later, 
re- epithelisation begins from the periphery, and 
the process is completed in 3–4 days [ 12 ,  13 ]. 

   Nerve Fibre Repair 
 One week after surgery the fi rst sprouts of sub-
epithelial plexus and the stromal trunks appear, 
although some authors report these initial changes 
1 or 2 months after procedures [ 14 ,  15 ]. 

 Reinnervation starts from the periphery in the 
form of thin branches in such a way that the sub-
epithelial plexus is formed 6–8 months later, 
always containing morphological abnormalities 
(Fig.  5.1 ). The nervous regeneration is relatively 
fast due to neurological infl ammation and the 
direct interaction of the ablated fi bres with the 
neurotrophic factors produced by the regenerating 
epithelium. Hypoesthesia during the 3 fi rst months 
appears as a consequence of the initial loss of 
nerve fi bres although some investigators fi nd 
almost normal sensitivity 1 month after PRK [ 16 ].

      Stromal Healing 
 The stromal repair is responsible for the transpar-
ency and refractive outcome. 

 An acellular layer is appreciable between 25 
and 100 μm of depth immediately after PRK 
caused by apoptosis of the anterior keratocytes 
[ 17 ]. This cellular disappearance is followed 
by a progressive repopulation from the subja-
cent activated keratocytes which migrate to the 
ablated stroma during the fi rst weeks after sur-
gery. These cells transform into myofi broblasts 
and are associated with an increase in the extra-
cellular matrix (ECM), being responsible for new 

  Fig. 5.1    Confocal microphotographs of a normal subepithelial plexus ( right ) and morphological abnormalities in the 
nerves after ablation ( left )       
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collagen  creation.    It is assumed that the surgical-
induced apoptosis and the keratocyte repopula-
tion, activation, and transformation regulate both 
the normal wound healing and the formation of 
haze [ 18 ]. Different cytokines and matrix metal-
loproteinases related to infl ammation and wound 
repair play an important role in the changes in 
the keratocyte population and in the production 
of ECM. Some of these cytokines seem to pro-
ceed from the tear [ 5 ,  7 ,  19 ,  20 ]. 

 Usually, the healing response is more evident in 
the fi rst 30–50 μm between 1 and 3 months after 
procedures, with the deeper area of the corneal 
stroma remaining unaltered. Even in cases with 
complete transparence of the cornea, some mor-
phological alterations can be seen over 30 months 
after PRK. However, the intensity of these phe-
nomena is less after the 6th month [ 12 ,  14 ]. 

 An inadequate healing response with large 
amounts of activated keratocytes and an exaggerated 
production of ECM provoke the presence of haze.  

   Haze 
 Haze is described as a subepithelial opacity with 
variable degrees of intensity which alters the 
visual function, decreasing contrast sensitivity 
and visual acuity. The presence of activated kera-
tocytes and the synthesis of types III and IV of 
new collagen which is anatomically structured in 
an abnormal way are clearly documented 
(Fig.  5.2 ). Before the use of mitomycin C (MMC), 
the appearance of some traces of haze was fre-
quent, but only patients suffering pathological 
healing present clinically relevant haze [ 21 ]. 
Different authors have found that the intensity of 
haze is greater during the fi rst 6 months after 
PRK and tending to decrease in the following 
12–24 months [ 12 ]. Its development can be mod-
ifi ed by using postoperative steroids and its 
appearance prevented with intraoperative topical 
application of MMC [ 12 ,  22 ]. Adequate control 
of the postoperative infl ammatory response is 
essential for preventing the formation of haze.

     Haze and Re-epithelisation 
 The corneal surface is normally fully covered by 
a thin layer of epithelium in 3–4 days. Many 
authors have pointed out the impact of the 

 relationship between the epithelium and the sur-
face of the ablated stroma [ 12 ,  23 ]. When the 
 re- epithelisation is delayed, the appearance of 
subepithelial haze is greater [ 13 ]. The impact of 
the interaction of the wound healing epithelium 
has been demonstrated after the observation that 
LASEK-treated eyes showed less keratocyte 
apoptosis, myofi broblast transformation, and 
upregulation in the synthesis of chondroitin sul-
phate than PRK-treated eyes [ 24 ]. 

 Using confocal microscope (CM) and confo-
cal microscopy through focusing (CMTF) analy-
sis, several aspects related to the haze can be 
studied:
•     Depth  

 In most cases, the haze is located between 60 
and 150 μm from the ocular surface. CMTF 
allows measurement of the thickness of this 
opaque layer, such manoeuvre being essential 
before performing phototherapeutical keratec-
tomy (PTK).  

•    Optical Density  
 In 1997, Möller-Pedersen et al. fi rst used CM 
for measuring the degree of haze. The degree 
of opacity is estimated by calculating the peak 
of luminous refl ectivity (WHO index) that can 
be observed after the CMTF analysis [ 14 , 
 25 – 29 ].    
 CMTF analysis allows evaluation of the devel-

opment of haze over time and appreciation of the 
effi cacy of different medical or surgical strategies 
for treatment.    

  Fig. 5.2    Activated anterior keratocytes and abnormal 
ECM in a patient with subclinical haze after PRK       
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5.1.1.2     Pharmacological Approaches 
for Controlling Corneal 
Infl ammation After PRK 

 In the usual management of postoperative infl am-
mation, highly powerful topical steroids are used 
during the fi rst week. Some authors recommend 
carrying on with nonabsorbable corticosteroids 
such as fl uorometholone for modulating the 
infl ammatory response and therefore the wound 
healing process in the midterm. 

 When combining topical steroids and nonste-
roidal anti-infl ammatory drugs (NSAIDs), there 
is an increased risk of suffering corneal melting 
and even ocular perforation [ 30 ]. As NSAIDs 
alone are not enough for controlling postopera-
tive infl ammation after PRK, its use appears as 
ineffi cient and potentially hazardous. 

 Newly designed substances are currently 
being tested in the laboratory to control the post-
operative infl ammation after PRK [ 31 ]. 

 The outcome and stability of PRK can be 
improved by controlling keratocyte apoptosis. 
This can be achieved by inhibiting the transmis-
sion of the apoptosis signal from the damaged 
corneal epithelium to the keratocytes and so 
attenuating cell activation. Omega-6 essential 
fatty acids have been used to control the release 
of the mediators of the infl ammation and to stim-
ulate tear production [ 32 ].  

5.1.1.3     Effect of MMC 
 The appearance of haze has been one of the com-
plications that has limited the use of PRK or pho-
toablative surface ablations for deep ablations to 
correct high refractive defects. It has been seen that 
the greater incidence of haze after PRK when com-
pared to LASIK can be explained in part because 
PRK acts more on superfi cial stromal areas. At 
these levels, the density and the capability of the 
keratocytes to be activated are much greater. As 
seen before, these cells transform into myofi bro-
blasts and can produce ECM and haze [ 17 ]. 

 A study from our investigational team pointed 
out that the opacity index related to the wound heal-
ing process after photoablative surgery was greater 
in eyes operated by surface ablations (LASEK) 
and in LASIK after performing fl aps thinner 
than 100 μm. This increase can be  considered to 
be subclinical because it is hardly visible under 

 biomicroscopic exam, but we have also demon-
strated an impact on the contrast sensitivity [ 25 ]. 
Even considering that these facts have a limited 
impact on the visual outcome after LASIK, these 
fi ndings have the same physiopathological basis 
explaining the genesis of haze after PRK, namely, 
the exaggerated activation of anterior keratocytes. 

 The topical intraoperative application of MMC 
has been used as cytostatic agent and to avoid 
excessive scarring in surgical procedures such as 
the treatment of CIN or the prophylaxis of bleb 
failure in fi ltering antiglaucomatous surgery. The 
appearance of secondary effects after the use of 
this drug has been controlled by a better knowl-
edge of the dosage. Mitomycin C is an alkylating 
agent with cytotoxic and antiproliferative effects 
that reduces the myofi broblast repopulation after 
laser surface ablation and, therefore, reduces the 
risk of postoperative corneal haze [ 33 ]. 

 Topical intraoperative MMC has been success-
fully used during surface photoablative proce-
dures with the aim of reducing the incidence and 
intensity of haze [ 22 ,  34 ,  35 ]. MMC has proved to 
be effi cient in preventing haze even in PRK to 
correct residual errors after penetrating kerato-
plasties [ 36 ,  37 ] or in radial keratotomy [ 38 ,  39 ]. 
The substance has been used prophylactically to 
avoid haze after primary surface ablation but also 
therapeutically to treat preexisting haze [ 33 ]. 

 No relevant ocular or systemic adverse effects 
have been reported with such use of the drug. 
A delay in the epithelial healing has been 
observed in 3.5 % of the treated corneas, but such 
incidence does not increase the risk of suffering 
postoperative haze [ 40 ]. 

 The substance has been used as well in some spe-
cial circumstances during LASIK surgery [ 41 – 43 ]. 

 The prophylactic effect seems to produce a 
reduction in the capability of activation of kerato-
cytes and in the transformation into myofi bro-
blasts [ 44 ], but it seems that in the long term the 
use of 0.02 % topical MMC has no signifi cant 
side effects on corneal keratocytes regarding the 
density and morphology compared to standard 
PRK, as documented by in vivo corneal confocal 
microscopy [ 45 ]. 

 However, experimental papers have evidenced 
some dosage-dependent endothelial damage after 
the application of different concentrations of 
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MMC over the denudated corneal stroma once 
the epithelium had been mechanically removed. 
It has been pointed out as well that mitomycin C 
is detectable in the aqueous humour of the hen 
eye after topical application in PRK-treated eyes 
and in eyes with intact epithelium [ 46 ]. 

 Some clinical studies have demonstrated as well 
that a signifi cant reduction in the endothelial cell 
density (ECD) can be found after using 0.02 % 
MMC during PRK and that such effect is propor-
tional to the time of exposure [ 47 ,  48 ]. In fact, if the 
drug application is no longer than 15 s, such toxic 
ECD reduction is not appreciated [ 49 ]. It seems 
that for moderate myopia and shallow depth, low 
dosing of MMC (0.002 %) appears to be as effec-
tive as the classic concentration of 0.02 % [ 50 ]. 

 Furthermore, a case of clinically relevant haze 
after retreatment with photorefractive keratec-
tomy with mitomycin C following laser in situ 
keratomileusis has been recently published [ 51 ], 
being suggested by the authors that in such cases, 
applications of over 15 s should be used. 

 But even taking into account these aspects, the 
use of 0.02 % MMC during surface ablations is 
routinely used in most refractive surgery units 
due to its unquestionable ability to prevent haze 
formation (grade of recommendation: B).   

5.1.2     Corneal Infections After PRK: 
Prevalence, Diagnosis, 
and Treatment 

 Postoperative PRK infections (Fig.  5.3 ) are 
considered to be a rare occurrence. Such 

 complications have been reported in the litera-
ture in 30 cases [ 52 – 59 ]. Higher concentrations 
of antibiotics in the ablated corneal surface, a 
non- anaerobic ambient at this level, or even 
the presence of bacteriostatic substances in the 
tear fl uid can explain the lower incidence of 
such infections [ 60 ]. However, bacterial [ 58 , 
 59 ,  61 ,  62 ], viral [ 63 ], fungal [ 56 ], and even 
Acanthamoeba keratitis [ 64 ] have been reported 
after PRK. Gram-positive bacteria is thought to 
be the most common cause of post-PRK infec-
tious keratitis, and  Staphylococcus aureus , 
 Staphylococcus epidermidis ,  Streptococcus 
pneu moniae , and  Streptococcus viridans  are the 
most commonly cultured organisms [ 55 ].

   Although microorganisms such as  S. aureus  
induce acute fulminant keratitis after PRK, other 
uncommon microorganisms such as nontubercu-
lous mycobacteria and  Nocardia  species may 
lead to late-onset infection [ 55 ,  65 ]. 

 Possible sources of contamination in post- 
PRK keratitis are the patient’s skin or conjuncti-
val surfaces, surgical instruments, topical 
anaesthetic agents, and airborne particles [ 55 ]. 

 Risk factors for post-PRK infections are cor-
neal epithelial defects, use of extended-wear ban-
dage soft contact lenses, and topical steroids [ 55 , 
 66 ]. Contact lenses and use of corticosteroids 
after PRK may also be considered contributing 
factors. Application of MMC during PRK is 
another potential factor because of the predispo-
sition to development of persistent corneal epi-
thelial defects [ 67 ]. 

    Considering the most frequent microorgan-
isms which produce bacterial keratitis after 

a b

  Fig. 5.3    Slit lamp pictures of ( a ) post-PRK infection and ( b ) same eye 10 days after treatment       
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 surface ablations, taking specimens for culture 
and the prescription of an intensive empirical 
topical therapy with fortifi ed fi rst-generation 
cephalosporins and aminoglycosides or second- 
generation fl uoroquinolones seem to be a reason-
able approach for initial management.   

5.2     Corneal Infl ammation 
After LASIK  

     (a)    Corneal healing after LASIK: confocal 
microscopy features   

   (b)    Infections after LASIK: diagnosis and thera-
peutic approach   

   (c)    Diffuse lamellar keratitis   
   (d)    Central toxic keratopathy     

 Although the infl ammatory and healing 
response is less after LASIK than after PRK, all 
refractive surgery procedures induce the activa-
tion of corneal cells and the release of several 
cytokines to modulate the corneal infl ammatory 
and healing processes. 

 The cellular, molecular, and neural regulatory 
phenomena associated with postoperative infl am-
mation and wound healing are likely to be 
involved in the adverse effects of LASIK such as 
fl ap melting, epithelial ingrowth, and regression. 
For these reasons, corticosteroid or nonsteroidal 
anti-infl ammatory agents are always used to mini-
mise infl ammation in the postoperative period [ 1 ]. 

 Stimulated keratocytes can produce several 
chemokines that might potentially initiate severe 
corneal infl ammation, leading to corneal haze 
and other unsatisfactory sequelae [ 2 ,  68 – 71 ]. 

 Keratocyte activation induced by LASIK has a 
short duration compared to that reported after 
photorefractive keratectomy (PRK). In a recent 
study, regardless of the method of fl ap formation, 
all corneas showed early transformed morphol-
ogy of the keratocytes located below the fl ap [ 72 ]. 

 LASIK and laser-assisted subepithelial kera-
tectomy seem to be less traumatic than PRK 
because a lower amount of tear transforming 
growth factor (TGF-b) is released and expressed 
in the early postoperative days than in PRK, indi-
cating that different techniques stimulate  different 
corneal cell activation [ 73 – 75 ]. 

 Several studies have focused on tear proteins 
such as cytokines, chemokines, and growth fac-
tors that are known to modulate wound healing, 
apoptosis, cell cycling, and migration on the ocu-
lar surface in physiological, postsurgical, and 
pathological conditions [ 1 ,  4 – 6 ,  8 ,  76 ,  77 ]. 

 A recent paper has studied the changes in the 
levels of chemokines in the tears of eyes after 
LASIK surgery. Some of the interesting results 
from this article can be resumed as follows:[ 1 ]
•    It has been found that  in nonstimulated tears 

before surgery  (a condition that can be con-
sidered equivalent to normal), IL-8 was the 
only cytokine consistently present in all 
patients, while the levels of Th1-type and 
Th2-type cytokines were low or below detec-
tion limits.  

•   It was observed  after surgeries  that:
 –    Tear IL-12, although at low levels, was 

increased 1 h after operations probably as a 
result of corneal dendritic cell stimulation.  

 –   Eotaxin, a chemokine involved in the 
recruitment of eosinophils, monocytes, and 
mast cells, was increased in tears 24 h fol-
lowing surgeries. Eotaxin has been shown 
to be produced by keratocytes and conjunc-
tival fi broblasts, but not by corneal and epi-
thelial cells. In the in vitro model, eotaxin 
was detectable at baseline and 24 h after 
treatment, when corneal fi broblasts were 
growing during the healing process.  

 –   MCP-1 and IL-8 were signifi cantly 
increased 24 h after laser treatment, con-
fi rming that stimulated corneal fi broblasts 
produce these factors after injury. 
Interleukin-8, produced by keratocytes 
and neutrophils, was shown to contribute 
to the development of diffuse lamellar 
keratitis in an animal model. It is possible 
that overexpression of these chemokines 
is responsible for noninfective LASIK 
complications.  

 –   The symptom score after surgery was 
correlated only with IL-6 tear levels, 
indicating that this cytokine is directly 
involved in the development of postsur-
gical infl ammation and in the wound 
healing process.       
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5.2.1     Corneal Healing After LASIK: 
Confocal Microscopy Features 

 Although the wound healing process is similar 
for surface ablations and for LASIK, the differ-
ences in the surgical techniques clearly determine 
the infl ammatory response and the intensity, 
location, and wound repair events. 

 Signifi cant infl ammatory cell infi ltration was 
noted in both PRK and LASIK but appeared to be 
greater in PRK [ 17 ]. 

 Some other differences include the absence in 
the interaction between stroma and regenerating 
epithelium or the absence with cytokines and bio-
logical active substances which are present in the 
fl uid tear. As the subepithelial nerve plexus is not 
ablated, less pain and neurogenic infl ammation 
but a more delayed recovery of corneal sensitivity 
are differential features between LASIK and PRK. 

 On the other hand, in LASIK surgeries a 
deeper ablation level (which respects the most 
anterior keratocytes) produces less intense kera-
tocyte activation and the usual absence of clini-
cally detectable haze. 

 Finally, the presence of a new virtual space – 
the surgical interface – generates specifi c  situations 

regarding the collection of liquid or particles, the 
spreading of infl ammatory cells, or the inoculation 
and proliferation of microorganisms during the 
postoperative period. 

 In the same way as in the surface ablations, 
confocal microscopy appears as a useful tool for 
helping to understand the tissular phenomena 
which occur after LASIK. 

 CMTF analysis provides precise records of 
the cornea and fl ap thickness [ 16 ,  25 – 28 ]. The 
depth of ablation and fl ap thickness have been 
related to different degrees of luminous refl ectiv-
ity in the CMTF profi les. So, thinner fl aps require 
photoablations to be performed over more super-
fi cial keratocytes. As the capability of these cells 
to be activated and transformed into myofi bro-
blasts is greater, a larger peak of refl ectivity can 
be appreciated after performing thin fl aps even 
when clinical haze is not detectable at the slit 
lamp [ 25 ,  26 ,  28 ,  78 ,  79 ]. 

 So, using CM it is possible to evaluate the 
surgical interface, the stromal bed, the nervous 
regeneration, the corneal and fl ap thickness, 
and, fi nally, the luminous refl ectivity which 
implies an indirect way for evaluating the corneal 
 transparency (Fig.  5.4 ) [ 68 ].
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  Fig. 5.4    CMTF graph in a normal cornea. The confocal microscope software creates a bidimensional graph, whose 
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5.2.1.1       Flap and Stromal Thickness 
 The remaining stromal bed and the fl ap thickness 
are important parameters to be taken into account 
when planning retreatment of a LASIK-operated 
eye. The possibility of intraoperative incidences 
when lifting an ultrathin fl ap or the need to 
respect between 250 and 300 μm of corneal 
stroma makes an accurate estimation of the thick-
ness of these structures obligatory. The accuracy 
of CMTF analysis for performing precise 
pachymetries of the natural or artifi cial sublayers 
of the operated corneas has been pointed out in 
several studies [ 27 ,  28 ,  80 ,  81 ]. 

 It has been previously suggested that the fl ap 
thickness can have some infl uence on the corneal 
transparency. It is well known that the keratocyte 
population which is present in the most anterior 
part of the stroma is more able to suffer activa-
tion, apoptosis, and transformation into myofi -
broblasts and to produce ECM and haze 
(Fig.  5.5 ) [ 25 ,  78 ,  79 ]. The presence of signifi -
cant amounts of cytokines and infl ammatory 
mediators in the most anterior part of the stroma 
has been reported [ 17 ].

      However, not in all eyes which have been 
operated by LASIK with thin fl aps is possible to 
see the increase in refl ectivity. That implies that 
an individual susceptibility should exist to 
explain the different healing responses [ 26 ].  

5.2.1.2     Analysis of the Stromal 
Changes 

 A signifi cant decrease in the density of the anterior 
keratocytes is clearly seen from early stages after 
LASIK. The cellular disappearance is greater in 
the most superfi cial areas (overall in the posterior 
fl ap and anterior retroablation layer, the regions 
adjacent to the lamellar cut) and has been related 
to apoptosis, the loss of communication between 
the keratocytes, the presence of infl ammatory 
cells, and the denervation. Keratocytes that die 
in the anterior stroma following the lamellar cut 
after LASIK are replenished in 2–4 days by pro-
liferation and migration. The replenishing cells 
are activated myofi broblastic keratocytes that 
produce collagen, hyaluronic acid, growth factors 
modulating epithelial healing, and other compo-
nents of the wound healing response [ 78 ,  82 – 85 ]. 

 On the other hand, some studies have found 
that the cellular density remains altered for over 
12 months after LASIK and even decreases over 
the time. The impact of these observations in the 
biomechanical stability of the corneas in the long 
term is not yet clarifi ed [ 86 ].  

5.2.1.3     Nerve Regeneration 
 Although the fi rst regenerating sprouts can be 
appreciated in the wound in the fi rst week after 
LASIK, the density of the nerves is clearly low 
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until 6–8 months after the surgeries, and the 
pattern is, even at this time, abnormal [ 87 ,  88 ]. 
It is well known that the nerve regeneration 
and the recovery of the corneal sensitivity are 
slower after LASIK than after surface abla-
tions [ 26 ,  87 ,  88 ].  

5.2.1.4    The Interface 
 The morphological specifi c changes that can be 
observed with CM involve 15–50 μm of thickness. 
Apart from the mentioned changes in the kerato-
cyte density, it is possible to see infl ammatory cells 
and necrotic spindle-shaped debris if diffuse lamel-
lar keratitis occurs, microfolds in the Bowman’s 
layer in 96 % of cases, and hyperrefl ective particles 
in 100 % of cases (Fig.  5.6 ) [ 26 ,  79 ,  88 ].

   The nature of these foreign particles seems to 
be varied, metallic, plastic, or organic, but does 
not have a relevant clinical impact in the visual 
function of the patient and does not originate spe-
cial infl ammatory responses in normal conditions 
[ 16 ,  25 ,  26 ,  78 ,  79 ,  88 ,  89 ].   

5.2.2     Infections After LASIK: 
Diagnosis and Therapeutic 
Approach 

 Infectious keratitis is a potentially devastat-
ing complication following LASIK which 
has become increasingly recognised as a 
sight- threatening problem (Figs.  5.7  and  5.8 ). 

The incidence of infectious keratitis follow-
ing LASIK is diffi cult to estimate and can 
vary widely depending on the source of the 
information.

5.2.2.1       Incidence 
•     A recent case series of LASIK-associated 

infections encountered at a single institution 
reports an estimated incidence of between 
1:1,000 and 1:5,000 [ 90 ].  

•   Chang et al. state that the incidence of 
infection after LASIK can vary widely 
(0–1.5 %) [ 91 ].     

  Fig. 5.6    Confocal microscopy of the LASIK interface. 
Particles are visible as small hyperrefl ective ( white ) dots       

  Fig. 5.7    Corneal abscess in a bacterial keratitis 
post-LASIK       

  Fig. 5.8    Biomicroscopic aspect of a post-LASIK infec-
tious keratitis at the moment of the diagnosis       
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5.2.2.2    Aetiology 
 The organisms encountered in infectious keratitis 
following LASIK can be unusual, diffi cult to pre-
dict, and will often not respond to empirical ther-
apy with older-generation topical fl uoroquinolone 
antibiotic agents.
•    In a survey of ASCRS, the incidence reported 

by LASIK surgeons who had experienced an 
infectious keratitis was 1 in 2,919. The most 
common organisms cultured were atypical 
mycobacteria (28 %) and staphylococci 
(20 %) [ 92 ].  

•   A review of the published reports of LASIK- 
associated microbial keratitis in the peer- 
reviewed literature reveals over 100 cases 
with a striking preponderance of atypical 
mycobacterial (47 %) and staphylococcal 
(19 %) species [ 91 ].    
 It has been communicated that in early-onset 

infectious keratitis (under 10 days), common 
bacterial pathogens are Gram-positive staphylo-
coccal and streptococcal species. 

 The organisms seen in late-onset infectious 
keratitis (over 10 days) are usually opportunistic 
such as fungi, Nocardia, and atypical mycobacte-
ria [ 91 ,  93 ]. 

 The Centers for Disease Control and 
Prevention (CDCP) concluded that LASIK- 
associated keratitis from atypical mycobacte-
ria may be more common than previously 
thought and also suggested that LASIK could 
be a risk factor for the development of atypical 
mycobacterial keratitis which can occur in 
clusters [ 90 ].  

5.2.2.3    Management 
 It seems to be advisable to lift the fl ap and take 
corneal scrapings for appropriate stains and 
cultures if any suspicious infi ltrates appear fol-
lowing LASIK. The results of these stains and 
cultures can be helpful in guiding antimicro-
bial therapy. A high degree of suspicion cou-
pled with a rapid diagnosis and appropriate 
therapy can result in eradication of the infec-
tion and visual recovery. It is recommendable 
for any focal infi ltrate following LASIK to be 
considered infectious, and we discourage the 
practice of empirical antibiotic treatment 
 without culturing [ 93 ].  

5.2.2.4    Diagnosis [ 93 ] 
 It is highly recommendable to lift the fl ap to take 
cultures, as many of the organisms responsible 
for infectious keratitis following LASIK will 
often not respond to empirical therapy.
•    The following media should be used for 

cultures:
 –    Blood agar–chocolate agar: for aerobic 

bacteria  
 –   Thioglycolate broth for facultative anaero-

bic bacteria  
 –   Sabouraud’s agar for fungi  
 –   Lowenstein–Jensen or Middlebrook 7H-9 

agar for atypical mycobacteria (especially 
if the keratitis develops 10 days or more 
after the surgery)     

•      It is also recommendable to perform stains 
such as Gram stain, Gomori methenamine sil-
ver stain, and Ziehl–Neelsen stain on unusual 
pathogens such as nocardia, atypical myco-
bacteria, and fungi.  

•   If the disease remains uncontrolled with nega-
tive cultures, a PCR or corneal biopsy can be 
performed.     

5.2.2.5    Treatment [ 93 ] (Grade 
of Recommendation: C) 

 While the results of the microbiological study are 
being processed, it will be necessary to start 
empirical treatment. Depending on the presenta-
tion, the following can be recommended:
    1.    Early-onset keratitis (under 10 days):

    (a)    The interface can be irrigated with a solu-
tion of fortifi ed vancomycin 50 mg/ml 
during the fl ap lifting after the cultures.   

   (b)    Quinolones of fourth generation (gatifl ox-
acin 0.3 % or moxifl oxacin 0.5 %) given in 
a loading dose every 5 minutes for 3 doses 
and later every 30 minutes associated to.   

   (c)       Fortifi ed cefazolin 50 mg/mL every 30 
minutes. If the patient works in a hospital, 
an MRSA infection is, so in these patients, 
the substitution of fortifi ed vancomycin 
50 mg/ml for cefazolin every 30 min can 
be advisable to provide more effective 
therapy against MRSA.   

   (d)    Oral doxycycline 100 mg twice a day to 
inhibit collagenase production.   

   (e)    Discontinuation of corticosteroids.       
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   2.    Late-onset keratitis (less than 10 days):
    (a)    Amikacin 35 mg/ml every 30 min   
   (b)    Alternating with a fourth-generation fl uo-

roquinolone (gatifl oxacin 0.3 % or moxi-
fl oxacin 0.5 %) every 30 min   

   (c)    Oral doxycycline 100 mg twice a day   
   (d)    Discontinuation of corticosteroids          

5.2.2.6    Differential Diagnosis [ 68 ] 
 DLK infectious keratitis following LASIK often 
presents infl ammation in the corneal interface, 
which can mimic diffuse lamellar keratitis. Some 
clinical keys to differentiate both diseases are as 
follows:
•    Presentation: DLK usually appears during the 

3–4 days following the surgery. The appear-
ance of an interface infl ammation over 1 week 
after LASIK should be presumed to be of an 
infectious origin.  

•   Appearance: Diffuse lamellar keratitis is char-
acterised by a diffuse appearance, while infec-
tious keratitis has a focal area of infi ltration 
surrounded by diffuse infl ammation or even 
focal infl ammation limited to the area of the 
infi ltrate. The eye usually presents more red-
ness in the case of bacterial keratitis.  

•   Response to steroids: DLK tends to respond 
well to intensive steroidal therapy. However, 
the infl ammation associated to LASIK- 
associated infections usually persists despite 
topical corticosteroids, and the underly-
ing infections can potentially worsen with 
 corticosteroid tapering.     

5.2.2.7    Prophylaxis 
•     Careful preoperative treatment of any infec-

tious lid disease with hot compresses and an 
antibiotic ointment applied on the lids and lac-
rimal apparatus.  

•   Correct sterilisation techniques.  
•   Several epidemics of atypical mycobacteria 

have been associated to the use of nonsterile 
water to clean instruments or the use of ice 
during LASIK [ 94 ,  95 ].  

•   Use of sterile drapes, gowns, gloves, and 
masks by the treating physician and assisting 
technician.  

•   Povidone–iodine solution (Betadine 10 %) lid 
preparation before surgery.  

•   All fl uids applied to the eye before, during, 
and after LASIK should be sterile.      

5.2.3     Diffuse Lamellar Keratitis 

 Diffuse lamellar keratitis is a multietiologic syn-
drome characterised by an infl ammatory reaction 
confi ned to the interface of eyes operated by 
LASIK surgery which appears during the fi rst 
week after surgery [ 96 – 99 ]. 

 In 1998, Smith and Maloney published 13 
cases belonging to 12 patients who presented dif-
fuse multifocal infi ltrates between the 2nd and 
6th day after LASIK limited to the interface with-
out anterior or posterior extension and accompa-
nied by pain, photophobia, red eye, and tearing. 
All cases disappeared without sequels after being 
treated with antibiotics or fl uorometholone [ 99 ]. 

 Several terms have been used for this entity: 
“Sahara’s Sands Syndrome (SSS)” due to the 
granulated and undulated pattern, “PostLASIK 
Interface’s Keratitis (PLIK)”, “Non-specifi c and 
Diffuse Interstitial Keratitis (NSDIK)”, and 
“Diffuse Intralamellar Keratitis (DIK)”. However, 
DLK is the most frequently used term when 
referring to this disease [ 97 ,  98 ]. 

 Since the fi rst cases of this condition were 
described, it has been recognised that the syn-
drome can occur either in isolated cases or in epi-
demic outbreaks [ 97 ]. Cluster DLK has been 
defi ned as a variable concentration of diffuse 
lamellar keratitis cases over time. Johnson et al. 
proposed a classifi cation system considering a 
single case described in a surgical session as spo-
radic and when more than one case is detected as 
cluster [ 96 ,  100 ]. The incidence of sporadic DLK 
can range between 0.58 and 3.54 % reaching 
50 % in clusters [ 28 ,  68 ,  101 – 124 ]. 

 In this chapter, we will overview this topic 
considering the physiopathology, treatment, and 
prophylactic measures of DLK and our experi-
ence when managing this entity. 

5.2.3.1    Aetiology 
 A great variety of causes have been proposed 
as causing DLK, but differences in the progno-
sis exist when comparing clusters to sporadic 
cases. Central scars involving central cornea with 
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 irregular astigmatism, hyperopic shift, and loss 
of BCVA are more frequent after epidemic cases 
[ 96 ]. Usually, epidemics have been described as 
related to sterilisation problems, the cleaning of 
instruments or environmental aspects such as 
ventilation air circuits in the theatres or toxic 
substances touching the eye during surgeries [ 28 , 
 96 ,  99 ,  103 ,  106 – 108 ,  112 ,  115 ,  120 ,  124 – 126 ]. 
Epithelial defects, bleeding, trauma, and surface 
or intraocular infl ammation have been described 
as potential causes of sporadic-, early-, or even 
late-onset DLK after LASIK [ 68 ,  96 ,  97 ,  105 , 
 110 ,  111 ,  113 ,  114 ,  116 ,  119 ,  121 ,  123 ,  127 ]. 

   Lipopolysaccharide Endotoxin of Gram- 
Negative Bacteria 
 The implication of LPS endotoxin in the genesis 
of the disease has been proposed as the most 
likely condition able to provoke epidemics of 
DLK by Holland et al. [ 125 ] and has been clini-
cally and experimentally tested in many studies 
[ 100 ,  107 ,  108 ,  121 ,  125 ,  126 ,  128 – 130 ]. Gram- 
negative bacteria and endotoxins are frequently 
present in water supplies, and although the bac-
teria are killed in a sterilisation machine, the 
endotoxins remain and can therefore be trans-
ferred by LASIK instruments onto the fl ap inter-
face [ 130 ]. Until today, in the majority of short 
cycle autoclaves, the water reservoir cannot be 
removed for complete cleaning and sterilisation. 
A new model of these sterilisation machines 
(Statim 7000®) allows the extraction of the 
water reservoir. 

   Other  Agents 
 Metallic particles were initially related to the ori-
gin of the syndrome, but later studies did not con-
fi rm any infl ammatory reaction around these 
kinds of particles when inserted at the interface 
of operated rabbits. On the other hand, the authors 
of this paper suggest a more possible implication 
of plastic particles [ 131 ]. 

 The presence of remains of detergents such 
as Palmolive ultra 100 %, Klenzyme 100 %, or 
sterilising substances as glutaraldehyde on the 
instruments or lubricant oils on the microkera-
tome blade have also been proposed [ 96 ,  97 , 
 124 ,  132 ].   

   Associated Conditions 
 A greater risk of DLK has been described for 
atopic patient, even under antihistaminic treat-
ment [ 102 ]. 

 Meibomian secretions and exotoxins of  S. aureus  
present in patients suffering chronic blepharitis 
have been associated to DLK, due to the ability 
of these toxins to promote lymphocyte T activa-
tion and infl ammatory response. For such rea-
sons, strict cleaning of the edge of the lids is 
recommended before surgery [ 133 ,  134 ].  

   Epithelial Defects 
 A strong association between DLK and intraop-
eratory epithelial defect has been reported, with 
increases in the risk of suffering the disease of 
between 13 and 24 times compared to eyes with 
undamaged epithelium [ 96 ,  119 ,  127 ].  

   Others 
 Our investigational team fi rst described the asso-
ciation between the presentation of DLK and 
high levels of energy when using femtosecond 
laser for creating fl aps during LASIK [ 28 ,  135 ]. 
This condition is now rare due to the use of the 
low energetic parameters of the 30 and 60 KHz 
femtolasers currently marketed. In a large series 
of DLK outbreaks, our investigational team 
found that several factors can act simultane-
ously to generate an epidemic and that a dramatic 
reduction in the incidence to normal levels can 
be achieved after applying a progressive strategy 
acting at all levels of the surgical procedure even 
when the exact cause of the outbreak could not be 
determined [ 136 ].   

5.2.3.2    Classifi cation 
•     Linebarger et al. (1999) proposed a classifi ca-

tion taking into account the severity and loca-
tion of the lamellar interface infl ammation [ 98 ].

    Stage 1 : Presence of white granular infi ltrates at 
the periphery of the fl ap outside the visual 
axis. The incidence is 1/25–50 cases.  

   Stage 2  (Fig.  5.9 ) :  Visual axis is affected. The 
incidence is 1/200 cases.

      Stage 3  (Fig.  5.10 ): The pattern of white cell 
infi ltration appears condensed in the visual 
axis, and this is often associated to a decrease 
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in the visual acuity of less than 2 lines. The 
incidence is 1/500 cases.

      Stage 4  (Fig.  5.11 ): Severe lamellar keratitis with 
stromal melting due to the enzymatic diges-
tion caused by the collagenases produced by 
white cells. This results in stromal volume 
loss and hyperopic shift. The incidence is 
approximately 1/5,000 cases.

•         Jonson and coauthors proposed a new classifi -
cation (2000) based on the extent of centripe-
tal migration of infl ammatory cells and if the 
occurrence is sporadic or in cluster [ 96 ].

    Type I  is designated as scarce affectation of the 
centre and subdivided into:

   IA sporadic  
  IB Cluster    
 An association between epithelial defects and 

DLK seems to exist especially in the type IA.  
   Type II  involves the visual axis and is subdivided 

into:
   IIA sporadic  

  IIB Cluster    
 The occurrence of clusters is an important factor 
when managing DLK.    Type IIB is associated to a 
greater risk of visual loss and is strongly related 
to endotoxins [ 96 ].     
•   Bühren and coauthors proposed a four-

stage classification based on confocal 
microscopy in relation to the findings 
under the slit lamp; with this technology 
we can study the resulting inflammatory 
activity [ 17 ].   

 DLK 
stage 

 Slit lamp 
features 

 Confocal microscopic 
features 

 1  Infi ltrate in the 
periphery, 
sparing the 
centre 

 Granulocytes and monocytes 
in the anterior stroma and at 
the fl ap interface 

 2  Infi ltrate 
involves the 
centre 

 Granulocytes and monocytes 
in the anterior stroma and at 
the interface, involvement of 
the central cornea, spindle- 
shaped structures mostly in 
dense infi ltrates 

 3  Infi ltrate more 
condensed at the 
corneal centre 

 Accumulation of decayed 
infl ammatory cells in the fl ap 
interface, spindle-shaped 
structures 

 4  Folds, stromal 
opacity 

 No infl ammatory cells 
detectable, microfolds and 
activated keratocytes at the 
interface 

5.2.3.3       Visual Outcome 
 The impact of DLK on the visual function varies 
with the severity, therapeutic approach, and the 
concurrence of an epidemic. So, while DLK 1 
and 2 rarely affect the refractive or visual out-
come of LASIK, DLK 3 and 4 can induce hyper-
opic shift, irregular astigmatism, and loss of best 
corrected visual acuity. 

 Recent studies of our investigational team 
on the impact of an outbreak of DLK on the 
refraction, visual abilities, and corneal aberra-
tions of a group of over 200 affected cases 
concluded that this is scarce if with early diag-
nosis and an adequate treatment [ 137 ]. These 
findings are consistent to those of other 
authors regarding clusters or sporadic DLK 
[ 100 ,  112 ].  

  Fig. 5.9    Stage 2 DLK at the moment of the diagnosis       

  Fig. 5.10    Slit lamp aspect of a DLK stage 3       
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5.2.3.4    Differential Diagnosis [ 68 ] 
•     Epithelial Ingrowth 

 Epithelial cells appear at the interface without 
infl ammatory signs as a few scattered fi ne trans-
lucent cells. The cells are more transparent and 
fewer than would be present in diffuse lamellar 
keratitis. In addition, a smaller area is affected.  

•   Microbial Keratitis 

 Acute microbial keratitis presents decreased 
visual acuity, pain, and infl ammation (red-
ness). Microbial keratitis does not respect the 
boundaries of the fl ap interface. A single or 
dominant focus extending anteriorly into the 
fl ap and posteriorly into the stroma is pres-
ent. Conjunctival/ciliary injection, epithelial 
defects over the infi ltrate, and infl ammatory 

a1 a2

b1 b2

c1 c2

  Fig. 5.11    Full slit lamp and confocal microscopy evolu-
tion in a DLK four case belonging to our series.  Left side 
column  of pictures ( a 1,  b 1, and  c 1) shows the biomicro-
scopic aspect at 24 h, fi rst month, and third month, respec-

tively.  Right images  ( a 2,  b 2, and  c 2) correspond to 
confocal microscopy exams done in the same day than the 
photographs were taken       
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cells in the anterior chamber are also pres-
ent. DLK can be distinguished from microbial 
infi ltrates by clinical presentation and close 
follow-up.  

•   Nonmicrobial Interface Opacities 
 Nonmicrobial interface opacities are common 
in the fi rst postoperative weeks and are related 
to tear fi lm debris or foreign particles from the 
microkeratome, blade, sponge, or airborne. 
Interface debris can also be caused by the 
powder on the gloves, meibomian secretions, 
or blood from cut pannus. Usually, it is not 
diffi cult to recognise these interface opacities. 
The foreign bodies are usually well tolerated, 
although they may sometimes be a nidus for 
infection or infl ammation. If infl ammation is 
present, fl ap repositioning and foreign body 
removal can be considered.     

5.2.3.5    Treatment (Grade 
of Recommendation: D) 

 Linebarger recommended the intensive applica-
tion of topical steroids (methylprednisolone ace-
tate 1 % hourly during the day and dexamethasone 
ointment at bedtime) for stages 1 and 2. The 
patients should be seen 48 h later for evaluation 
and tapering treatment. 

 For stage 3, early fl ap lifting and careful irri-
gation of the interface were indicated for remov-
ing white cells and to avoid stromal melting. 
Cultures can be taken if differential diagnosis 
with microbial keratitis is considered. After fl ap 
lifting, the same routine of topical steroids must 
be applied [ 98 ,  126 ]. Hoffman [ 106 ] standardised 
additional systemic treatment (oral prednisone 
40–80 mg each day) for the initial management 
of stage 3. 

 Although initially a similar protocol was 
described for stage 4, it was soon seen that fl ap 
lifting could increase the possibility of stromal 
volume loss, and so, worsening the visual prog-
nosis by hyperopic shift and irregular astigma-
tism. In the same way, if CTK is suspected, the 
application of high doses of topical steroids can 
be contraindicated given its noninfl ammatory 
nature [ 138 – 140 ]. So, some authors recommend 
waiting until the eye heals itself and the hyper-
opic shift is resolved rather than subject the 

patient to any of the aforementioned invasive 
 procedures [ 98 ,  138 ,  139 ]. 

 Regarding prophylactic treatments, it has been 
reported that the prophylactic use of hourly post-
operative prednisolone acetate and dexametha-
sone sodium during a DLK epidemic resulted in 
a signifi cant decrease in the rate of DLK [ 141 ]. 
However such preventive effect has not been 
proved with hourly fl uorometholone on a patient’s 
fellow eye if the fi rst eye developed sporadic 
(non-epidemic) DLK [ 142 ].   

5.2.4     Central Toxic Necrosis (CTK) 

 There is some discussion about whether DLK 4 
stage is an independent entity which should be 
called central toxic keratopathy as the pathogen-
esis of the tissue damage has been proposed as 
different to DLK [ 139 ,  143 ] or could be consid-
ered as a spectrum of disorders forming part of a 
single syndrome [ 144 ]. 

 It has been proposed that CTK could differ from 
DLK 4 in the absence of infl ammation and in an 
affectation of fl ap stroma without interface infi ltra-
tion. Affected eyes present central stromal opacifi -
cation within 1 week of laser refractive surgery, 
resulting in stromal thinning and a hyperopic shift 
in most eyes. The opacity clears without treatment, 
and the remaining refractive error can be corrected 
with later enhancement surgery without recurrence 
of the opacity. The syndrome can also occur after 
photorefractive keratectomy (PRK).      
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6.1            Introduction 

6.1.1        Defi nition/Background 
of Corneal Transplantation 

 With more than    100.000 procedures a year, kerato-
plasty is the most frequent transplantation procedure 
in humans. Technical advances in microsurgery 
have moved forward to transplant isolated layers of 
the cornea. However, immune- mediated rejection 
remains a key problem. Continued preventive and 
therapeutic efforts are therefore required to improve 
the prognosis after keratoplasty. 

 Reports on the incidence of graft rejection 
after penetrating keratoplasty vary between 5 and 
40 % (Table  6.1 ) [ 3 ,  6 ,  12 ,  21 ,  60 ,  67 ,  73 ,  90 ,  105 , 
 111 ,  113 – 115 ]. Whereas the short-term survival 
(1-year follow-up) of penetrating corneal trans-
plants is excellent, the long-term prognosis (10- 
year follow-up) is even inferior to solid organ 
transplantation and estimated to be approxi-
mately 50 % [ 3 ,  6 ,  102 ,  114 ]. In particular, the 
issue of “chronic rejection” and continuous endo-
thelial cell loss is still under debate. Continued 
preventive and therapeutic efforts are therefore 
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required to improve the long-term prognosis after 
penetrating keratoplasty.

6.1.2        Aetiology of Corneal Graft 
Rejection 

6.1.2.1     Immunological Features 
of Cornea 

 The eye has unique features which makes it 
quite different from other organs in respect to its 
immunobiology. Accordingly, some principles 
involved in general transplantation immunol-
ogy usually cannot be applied directly in cor-
neal transplantation. Experimental models have 
provided many details on the immunobiology of 
corneal grafts [ 65 ].  

6.1.2.2     Corneal Immunogenicity 
 The cornea has been thought to lack of immu-
nogenicity because of its low antigen expression. 
HLA class I antigens are expressed particularly 
in the corneal epithelium and, much less densely, 
in the stroma and endothelium. HLA class II 

antigens have been found only scattered in the 
corneal epithelium, particularly at the limbus 
region and in the corneal stroma [ 61 ]. However, 
the expression can change under certain condi-
tions. An enhanced expression of HLA class I 
and II antigens could be detected during allograft 
rejection and even induced by the surgical pro-
cess itself [ 61 ]. In contrast, extending storage 
[ 5 ] or low-dose UVB radiation [ 18 ] decreased 
HLA class II antigens (DR) expression in human 
corneas. Moreover, studies using rodent models 
of keratoplasty have shown that, in some strain 
combinations, allografts carrying minor histo-
compatibility (H) alloantigens are more likely to 
be rejected than those bearing MHC alloantigens 
[ 33 ,  87 ,  99 ]. Since in humans these antigens are 
less well characterised, this issue remains open 
for future clinical approaches. 

 A brief summary of immunological events is 
presented in Figs.  6.1  and  6.2 .

6.1.3          Technical Factors 

6.1.3.1     Role of Trephination Technique 
in Penetrating Keratoplasty 

 The role of different trephination techniques and 
instruments, e.g. mechanical vs. laser-guided sys-
tems on graft rejection, remains uncertain. Very 
few studies have focused attention on this issue. 
In a prospective study using excimer laser guided 
vs. mechanical trephination, no difference in the 
rejection rate was observed in normal-risk recipi-
ents followed up to 40 months [ 89  (EBM: 1+, A)].  

6.1.3.2     Lamellar Transplantation 
Techniques Versus Penetrating 
Keratoplasty 

 Recent years have seen the evolution of several 
lamellar transplantation techniques. Fast optical 
and visual rehabilitation and less invasive surgical 
procedures are encouraging. In general, endothe-
lial graft rejection seems to occur much less often 
after endothelial keratoplasty (EK) [ 2  ( EBM: 2+, 
C ), [ 8  (EBM: 1+, B), [ 32  (EBM: 2++, B)]. It 
 certainly can also be considered that the risk for 
epithelial and stromal rejection should be lower in 
EK recipients. Also the absence of graft sutures in 
these patients may reduce the risk of rejection 

   Table 6.1    Immune reaction after penetrating 
keratoplasty   

 Author  Number 
 Incidence 
(%) 

 Irreversible 
(%) 

 Völker-Dieben 
et al. [ 113 ] 

 290  28  n.m. 

 Alldredge and 
Krachmer [ 3 ] 

 156  29  5 

 Arentsen [ 6 ]  869  n.m.  5 
 Severin [ 90 ]  226  43  13 
 Pleyer et al. [ 67 ]  740  4–37 a   3–28 a  
 Williams et al. 
[ 115 ] 

 7,741  n.m.  32–33 

 Reinhard et al. 
[ 73 ] 

 646  18  n.m. 

 Patel et al. [ 60 ]  394  23  7 
 Birnbaum et al. 
[ 12 ] 

 417  n.m.  28–40 

 Varssano et al. 
[ 111 ] 

 126  37  30 

 Tan et al. [ 105 ]  901  n.m.  29 
 Williams et al. 
[ 114 ] 

 14,622  n.m.  34 

   n.m.  Not mentioned 
  a Dependent from risk factors  
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Immune privilege

Systemic immune regulation
b

a High risk factors

Blood–ocular barrier

Corneal allograft

TGF–β
α–MSH

VIP

Blood
vessels

Lymphatic
vessels

Cervical
lymph nodes

Spleep

Inflammation

Neovascularization

Lymphangiogenesis

Pre–sensitization (previous rejection)

Large or eccentric grafts

Infection

Viral replication (Herpes simplex virus)

IL–1,–6
TNF–α

MHC class II+

immature APCs, Treg

mature APCs, Th1

Absence of blood and lymphatic vessels

Immunosuppressive factors

Immature APCs

Presence of regulatory T cells

Low expression of MHC class I

Lack of MHC class II molecules

FasL expression

  Fig. 6.1    (a) Local factors contributing to immune privi-
lege ligand ( left ), and risk factors leading to ablation of 
corneal privilege ( right ). Abbreviations:  α-MSH  
α-melanocyte stimulating hormone,  APCs  antigen-present-
ing cells,  FasL  Fas ligand,  IL  interleukin,  TGF-β   trans-

forming growth factor-β,  TNF-α  tumour necrosis factor-α, 
 T   reg   regulatory T cells,  VIP  vasoactive intestinal peptide. 
(b) Systemic factors that contribute to the immune 
privilege           
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since these may trigger an immune response 
related to wound dehiscence and infectious kerati-
tis [ 80 ,  114 ]. In addition, a meta- analysis supports 
the conclusion that endothelial keratoplasty is 
superior to PK for preservation of corneal endo-
thelial cells [ 76  ( EBM: 1+A )]. This may allow to 
reduce postoperative immune modulation  and 
simplify long-term management of EK eyes com-
pared with PK eyes [ 76  ( EBM: 1+A )]. 
Interestingly, if corneal transplant rejection occurs, 
it may be less severe after EK than after PK. 

 It has to be noticed, however, that the reduced 
rejection rate in EK patients could be simply a 

product of a relatively prolonged postoperative 
topical steroid cover. Most patients received topical 
steroids even 2 years post-op [ 2  ( EBM: 2+, C )].     

Direct

1d) Mirgration of
      “passenger leucocytes”

Indirect

Antigen presentation pathways

1b) Up–take and cross
       Presentation of allo–antigen

1c) Maturation and homing
       to draining lymph nodes

Host–APC

MHC I MHC II

1a) Recruitment of host–APCs Rejection

Donor–APC

3) Clonal expansion of effector T–cells

2) Allo–antigen recognition
    and T-cell activation

  Fig. 6.2    Indirect ( left ) and direct ( right ) antigen presenta-
tion. ( 1    ) Recipient antigen-presenting cells ( APCs ) migrate 
from the limbus centripetally into the corneal graft. There 
they either internalise and process alloantigens ( 1a ) or 
acquire shed donor MHC molecules ( 1b ). Mature recipient 
APCs migrate to draining lymph nodes ( 2 ) and present 

alloantigens indirectly or semidirectly, respectively. ( 1c ) 
Donor APCs migrate out of the allograft and prime directly 
T cells in the draining lymph nodes. ( 3 ) Alloantigen-
specifi c T cells recognise either presented corneal antigens 
or allogenic epitopes on the MHC molecules       

 Core Messages 

•     Even when the short-term survival 
(1-year follow-up) of penetrating cor-
neal transplants is excellent, the long-
term prognosis is inferior to solid organ 
transplantation and estimated to be 
approximately 50 % (EBM: 2+).  
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6.2     Clinical Signs and Symptoms 

6.2.1     Clinical Presentation of Graft 
Rejection: Signs 

 As a consequence of HLA antigen distribution in 
all cellular layers, corneal allograft rejection can 
occur in each of the three main layers indepen-
dently or simultaneously. Corneal graft rejection 
most commonly occurs during the fi rst year after 
surgery. Fortunately, most episodes of graft rejec-
tion do not cause irreversible graft failure if rec-
ognised early and treated adequately. 

6.2.1.1     Epithelial Rejection 
 Epithelial rejection is considered relatively unim-
portant, as the donor epithelium can be replaced 
by recipient epithelium derived from the limbus 
without further consequences. It occurs within 
1–13 months postoperatively, at a rate of 1–10 %, 
as after this time the donor epithelium is replaced 
by host epithelium. Clinical manifestation of epi-
thelial rejection includes the appearance of an 
elevated epithelial rejection line that consists of 
damaged donor epithelial cells. It usually starts 
from the periphery, stains with fl uorescein and 
migrates towards the centre of the graft like the 
Khodadoust line (Fig.  6.3 ).

6.2.1.2        Subepithelial Rejection 
 Subepithelial rejection presents as subepithelial 
infi ltrates of 0.2–0.5 mm in diameter located in 
the anterior stroma (Fig.  6.4 ) [ 3 ]. They occur 
within 2–24 months after keratoplasty and 
resemble infi ltrates similar to that in adenoviral 
keratitis. This is the second most common form 
of corneal graft rejection with a reported inci-
dence of 2–15 % [ 66 ]. Subepithelial graft 
 rejection leaves no sequelae if treated, but it 
may precede the more severe endothelial 
 rejection [ 66 ].

6.2.1.3        Stromal Rejection 
 Stromal rejection is relatively rare (1–2 %) [ 66 ]. 
It is characterised by peripheral stromal infi l-
trates and haze in a previously clear graft. Stromal 
rejection usually occurs simultaneously with 
endothelial rejection.  

6.2.1.4     Endothelial Rejection 
 Endothelial rejection is the most common form 
of graft rejection with reported rates of 8–37 % 
[ 66 ]. In terms of corneal function, this type of 
rejection is of greatest interest. Human endothe-
lial cells do not replicate, and thus, donor cell 
loss is irreversible. During endothelial rejection, 
it is possible to visualise linear or multifocal 
deposits of leucocytes adhering to the endothe-
lium associated with segmental corneal oedema. 
An endothelial rejection line (i.e. Khodadoust 
line) starts in the periphery of the graft, usually 
in the vicinity of stromal vessels, and moves 
towards to the centre of the graft (Fig.  6.3c ). 
Hence, although intensive treatment with topical 
steroids reverses the acute infl ammation in most 
patients, the goal is to reverse the rejection epi-
sode as early as possible to minimise  endothelial 
cell loss.   

6.2.2     Clinical Presentation 
of Endothelial Graft Rejection: 
Symptoms 

•     Decrease of visual acuity  
•   Redness  
•   (Pain)  
•   Irritation  
•   Photophobia    

•   Technical factors, such as different 
trephination techniques and instru-
ments, are unlikely to cause conse-
quences for corneal graft rejection. 
Mechanical vs. laser-guided systems did 
not demonstrate any long-term differ-
ence (EBM: 1+ A).  

•   Recent data support the conclusion that 
endothelial keratoplasty is superior to 
penetrating corneal transplants with a 
lower endothelial rejection rate (EBM: 
1+ B) and better preservation of corneal 
endothelial cells (EBM: 1+ A).  

•   The prolonged use of topical corticoste-
roid treatment following endothelial 
keratoplasty may have contributed to 
this favourable outcome and has to be 
further elucidated.    
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 Depending on the severity of graft rejection 
and postoperative time interval, patients may be 
asymptomatic.  

6.2.3     Differential Diagnosis 
of Graft Rejection (Table  6.2 )       

a b

c

  Fig. 6.3    Corneal    graft rejection. Since all layers of the 
tissue are able to express MHC antigens, rejection may 
occur at the epithelial ( a ) and endothelial level ( b + c ). 

( b ) Illustrates endothelial cell loss as seen by specular 
microscopy with adherent neutrophil granulocyte (N) and 
lymphocyte (L). ( c ) Demonstrates Khodadoust rejection line       

   Table 6.2    Differential diagnosis of graft rejection   

 Clinical presentation  Differential diagnosis 

 Epithelial rejection  Recurrent or acquired 
herpetic keratitis 
 Epitheliopathy (dry eye 
syndrome) 
 Ocular surface alteration 
(e.g. following chemical 
burn, atopic 
keratoconjunctivitis) 
 Stem cell damage 

 Subepithelial rejection  Macular corneal dystrophy 
 Adenoviral 
keratoconjunctivitis 

 Core Messages 

•     Corneal allograft rejection can occur in 
each of the three main layers indepen-
dently or simultaneously (EBM: 2+).  

•   Acute corneal graft rejection occurs 
most commonly during the fi rst year 
after surgery (EBM: 1+).  

•   A wide spectrum of differential diagno-
ses of different types of rejection has to 
be considered.    

 Clinical presentation  Differential diagnosis 

 Endothelial rejection  Corneal oedema from 
endothelial insuffi ciency 
 Late graft failure 
 Recurrent herpetic keratitis 
 Epithelial downgrowth 
 Remaining endothelial 
precipitates 
 Endothelial decompensation 
due to secondary glaucoma 
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6.3     Prevention of Corneal Graft 
Rejection in Penetrating 
Keratoplasty 

6.3.1     Strategies to Prevent 
Allograft Rejection 

 Several options are used to reduce the risk of cor-
neal allograft rejection. Most are derived from 
other areas in transplantation medicine. 

 Two major strategies are used to improve cor-
neal graft survival:
•    Decrease of the recipient’s sensibility by 

reduction of antigen difference between the 
donor and recipient (histocompatibility com-
plex (HLA) matching)  

•   Reduction of the recipient’s afferent or effer-
ent immune response by pharmacological 
modulation     

6.3.2     Use of HLA-Matched Donor 
Tissue to Prevent Corneal 
Graft Rejection 

 Based on the immune biology of the cornea, ratio-
nal arguments can be easily generated in favour 
to HLA matching in keratoplasty. However, in 
clinical practice, HLA matching is still widely 
neglected, even when growing evidence shows 
a benefi t in corneal transplantation. Whereas 
mainly in Europe several studies support a signif-
icant benefi t for HLA-A, HLA-B and HLA-DR 
matching, this is not generally accepted else-
where [ 31 ,  86 ,  112 ]. Interestingly, the prospec-
tive randomised “CCTS study” demonstrated 
no effect for neither class I nor class II match-
ing even when that same study demonstrated an 
increased risk of graft rejection in patients with 
lymphocytotoxic antibodies to HLA class I and 

Recombinant
proteins

Family Agent Predominant sites of action

Anti-TNF mAb

anti-CD3,
-CD4, -LFA-1,
-ICAM-1 mAb
CTLA-4 lg

Anti-IL-2R mAb

vIL-10, IL-12p40

Cyclosporine A

Tacrolimus

Azathioprine

Mycophenolate
Mofetil
Methotrexate
Leflunomide

Proliferation

Replication

Activation

Transcription

signaling
(ligand, receptor,

calcineurin)

CD4

CD3

TCR

MHC-II

IL-2R

(see Fig.6.2b)

TNF

Inhibtion
of

IL-2

CD4

APC

CAP

Monoclonal
Antibodies /
Cytokines

Corticosteroids

Immuno-
suppressiva

Anti-
proliferativa

  Fig. 6.4    Immunomodulatory agents in keratoplasty. This 
fi gure schematically shows the sites of action of currently 
clinically used compounds (corticosteroids, immune 

modulatory and antiproliferative agents) and of recombi-
nant proteins as potential future therapeutics       
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II antigens [ 1 ]. However, the validity of this 
study has been discussed because of high error 
rates in the matching procedures and a concomi-
tant high dose of topical corticosteroids [ 37 ]. 
More confl icting results derived from other well-
designed studies that came to the conclusion that 
HLA matching may even have a negative out-
come on graft survival [ 19 ,  110 ]. The fact that 
certain HLA mismatches differ in immunoge-
nicity and may have an impact on graft survival 
has been known for some time in kidney trans-
plantation and in keratoplasty, but just recently 
got adequate attention. For HLA class I/II loci, 
the structural basis of this phenomenon has been 
established [ 7 ,  46 ,  57 ,  110 ]. Therefore, in order 
to select the optimal donor for this category of 
patients, it will be important to take advantage of 
the differential immunogenicity and thus differ-
ential importance of mismatched HLA antigens. 
Indeed, it has been possible to defi ne “acceptable 
or permissible mismatches” with a low immuno-
genicity, which are associated with a favourable 
graft survival, vs. “taboo mismatches” with a 
high immunogenicity and a poor graft survival 
[ 17 ]. It can be expected that further experience in 
this direction will allow new strategies for future 
HLA matching, which will not only suit a rare 
number of patients with frequent haplotypes but 
also provide an acceptable waiting time for great 
percentage of most other patients. Recently, a 
computer-based approach, “HLA Matchmaker”, 
a molecularly based algorithm for histocompat-
ibility algorithm, has been introduced which 
respects this problem. It can identify immuno-
logically acceptable mismatches and reduces 
the time on the waiting list substantially [ 16 ] 
(Table  6.3 ).
   Still some limitations of HLA matching in 
keratoplasty remain. These include:
•    Adequate “logistics”  
•   Additional costs for HLA typing and distribution  
•   Monitoring and quality control of typing 

procedures  
•   The uncertain role of factors such as minor 

histocompatibility antigens    

6.3.3       Use of Immune Modulatory 
Agents to Prevent Corneal 
Graft Rejection 

    No generally accepted “guidelines” on the use of 
anti-infl ammatory and immune modulating 
agents to prevent corneal graft rejection are avail-
able. Several surveys of corneal transplant societ-
ies indicate that a broad pattern of clinical 
practices exists [ 10 ,  83 ]. 

6.3.3.1     Use of Immune Modulatory 
Agents in “Normal-Risk” 
Recipients 

 Whereas most studies deal with the prevention of 
allograft rejection in “high-risk” patients, only 
few studies focused on postoperative care in 
“normal-risk” recipients. Commonly, topical 
postoperative treatment with corticosteroids is 
considered as suffi cient. 

   Topical Corticosteroids 
 Topical corticosteroids are used as standard treat-
ment for the prevention of corneal allograft rejec-
tion for over 40 years [ 17 ]. Main advantages 

 Core Messages 

•     HLA matching reduces graft rejections 
in normal- risk as well as in high-risk 
keratoplasty (EBM: 2).  

•   Most patients can be served with an 
HLA compatible graft within well 
below a year, even in a monocentre 
setup (EBM: 3).  

•   The HLA-A1/H-Y minor antigen equals 
immunogenicity of HLA mismatches: 
allocating male HLA-A1 positive 
donors for female recipients should be 
avoided (EBM: 3).  

•   Long-term graft survival can probably 
be improved upon routinely matching 
major and selected minor histocompati-
bility antigens.    
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include immediate and potent anti-infl ammatory 
effects, favourable pharmacological properties and 
low price. Steroids rapidly permeate the cellular 
membrane and act intracellularly through gluco-
corticoid-responsive elements that regulate the 
expression of more than 200 different genes [ 72 ]. 

 Biological effects include downregulation of 
interleukin (IL)-1, IL-3, IL-6 and IL-8 which are 
secreted predominantly by antigen-presenting 
cells. In addition, reduction of IL-1 and IL-6 
leads to inhibition of IL-2 secretion and subse-
quent T cell inhibition. Important for the postop-
erative use of corticosteroids in corneal grafts is 
their broad spectrum of antiphlogistic properties. 
They reduce the permeability of vascular endo-
thelium (blood-aqueous barrier, blood-retina bar-
rier) and inhibit migration of monocytes. 
Experimental data demonstrate a dose-dependent 
inhibitory effect on cytokine production. Already 
very low doses (10–100 n M ) inhibit resting cells, 
while far higher doses are necessary to block also 
activated cells. 

 The pharmacological preparation of topically 
used corticosteroids is important for the intraocu-
lar effects of the drug. Prednisolone acetate pene-
trates the cornea very well even with an intact 
epithelium, whereas the topical application of 
prednisolone phosphate leads to intraocular avail-
ability only when the epithelium is abraded. The 
effects of different corticosteroids on the migra-
tion of leucocytes in the cornea vary widely [ 50 ]. 
It is important to emphasise that the biological 
effect of local steroid therapy is mainly anti- 
infl ammatory. Although local steroids are com-
monly applied for postoperative treatment after 
keratoplasty, there are different opinions about 
dosage and duration of treatment. There are no 
controlled clinical studies from which a “gold 
standard” could be derived. In normal-risk 
patients, topical application of 1 % prednisolone 
acetate q.i.d. has been suggested for the fi rst 
2–4 weeks, reduced to 1 drop/day after 3 months 
and then continued up to the 12th postoperative 
month. Nguyen et al. demonstrated in a prospec-
tive, randomised interventional trial that long- term 
treatment (continued steroids once daily for 
12 months) signifi cantly reduced ( p     = 0.001) graft 

rejections as compared to 6 months short term 
(stop topical steroid treatment) [ 59  (EBM: 1+, B)].   

6.3.3.2     Topical Calcineurin Inhibitors 
(Cyclosporine A, Tacrolimus) 

 Since long-term treatment with corticosteroids is 
likely to cause adverse effects, the use of topical 
calcineurin inhibitors (CsA, tacrolimus) has been 
investigated. Perry et al. [ 62 ] suggested that topical 
CsA (0.5 %) may substitute local steroids in sec-
ondary glaucoma responders; however, the rejec-
tion rate in CsA-treated patients increased. Another 
calcineurin inhibitor tacrolimus (FK506) was used 
as topical immune modulatory eye drop (0.06 %) 
in a 3-year prospective trial. Even when the use of 
topical eye drops resulted in a lower number of 
graft rejections as compared to topical predniso-
lone acetate 1 % eye drops, there was no statistical 
signifi cant difference. Unfortunately, eight patients 
in the FK 506 group concluded the study early due 
to local side effects. An optimised galenic formula-
tion of tacrolimus might be a therapeutic option to 
prevent graft rejection [ 77  (EBM: 1+, B)]. 

   Undesired Effects of Topical Immune 
Modulatory Treatment 
 Well-known undesired side effects of local corti-
costeroids are altered wound healing, increased 
risk for infection, reactivation of herpes virus 
keratitis, secondary glaucoma and cataract forma-
tion [ 92 ]. Whether topical steroid therapy alters 
re-epithelialisation of the cornea is not proven 
[ 101 ]. However, prolonged wound healing after 
keratoplasty can be expected due to fi broblast 
inhibition and reduced collagen synthesis. The 
increase in intraocular pressure due to steroid 
response is a well-known side effect in up to 30 % 
of patients. This is of particular importance in 
keratoplasty recipients, since corneal graft endo-
thelial cells are susceptible to pressure rise. Often 
incorrect pressure measurements after kerato-
plasty are another challenge in these patients. 
Several new agents are in focus of clinical studies 
to prove whether the rate of IOP increase can be 
reduced by application of less pressure-altering 
steroids. The use of loteprednol has been 
 recommended since the likelihood of IOP increase 
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seems less likely. Currently, a new class of agents 
labelled as selective receptor agonists (SEGRA) 
[ 68 ] might be promising. Cataract formation has 
been observed after a cumulative dose of 740 
drops of 0.1 % dexamethasone [ 51 ] (Table  6.4 ).

      Systemic Corticosteroid Treatment 
in Normal-Risk Patients 
 Systemic treatment with corticosteroids has not 
only antiphlogistic but also immunosuppressive 
effects. Suggestions for dosage and duration of 
systemic treatment vary as much as for topical 
treatment [ 107 ]. For the perioperative period, 
some authors suggest 100–250 mg/day predniso-
lone intravenously. Prolonged monotherapy with 
systemic corticosteroids should be avoided 
because of the high potential of side effects. In a 
randomised prospective study, there was no ben-
efi t for normal-risk patients that received systemic 
fl uocortolone for a 3-week period in addition to 
topical prednisolone acetate [ 54 ]. It is of clinical 
importance that the inhibition of cytokine synthe-
sis by corticosteroids is quickly reversible and the 
effect on T cells and antigen- presenting cells 
diminishes rapidly. Sudden termination of corti-
costeroid therapy can provoke rebound effects 
resulting in immediate adverse effects. Marked T 
cell proliferation after corticosteroid termination 
could be detected possibly because of  upregulation 

of T cell receptors. These fi ndings indicate that 
steroid therapy should be terminated by tapering 
of the drug. Systemic steroid therapy provokes all 
the side effects of local therapy and may lead 
additionally to severe metabolic alterations.    

   Table 6.4    Major agents used for systemic immune modulation in keratoplasty   

 Generic  Effect 
 Initial 
dosage 

 Maximum 
dosage 

 Time to be 
effective 

 Major undesired 
effects 

 Control 
parameters 

 Cyclosporine A  Calcineurin 
inhibitor 

 3–5 mg/kg/
day 

 10 mg/kg/
day 

 2–6 weeks  Nephrotoxicity  CsA blood 
level 

 Hypertension  Creatinine 
 Tremor  RR control 
 Hirsutismus  Serum 

electrolytes  Gingival hyperplasia 
 Mycophenolate 
mofetil 

 Purine 
synthesis 

 2 × 500 mg/
day 

 2 × 1.5 g/day  2–12 weeks  Diarrhoea  Complete 
blood count 

 Gastrointestinal 
irritation 

 Liver enzymes 

 Infection 
 Neutropenia 

 Tacrolimus  Calcineurin 
inhibitor 

 0.15–
0.3 mg/kg/
day 

 0.30 mg/kg/
day 

 2–8 weeks  Nephrotoxicity  Complete 
blood count 

 Infection  Creatinine 

 Core Messages 

•     Based on current evidence, topical cortico-
steroids remain the gold standard to prevent 
graft rejection in normal-risk recipients. 
Prolonged “low-dose (1/day prednisolone 
1 %) treatment” for 12 months was supe-
rior to a 6-month application and should 
be considered in penetrating keratoplasty 
patients (EBM: 1+ B).  

•   Long-term corticosteroid treatment 
bears the risk of secondary IOP eleva-
tion and subsequent chronic endothelial 
cell alteration. Switching to, e.g. lotepre-
dnol etabonate from prednisolone ace-
tate should be considered in known 
steroid responders, since it was success-
ful in reducing IOP and did not increase 
the risk of allograft rejection (EBM: 2+).  

•   Topical calcineurin inhibitors, including 
CsA and tacrolimus, did not demon-
strate a signifi cant benefi t to reduce 
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6.3.3.3     Use of Immunomodulatory 
Agents in “High-Risk” 
Recipients 

 It is commonly agreed that a certain subpopula-
tion of patients exist that can be classifi ed as 
“high-risk” individuals. Subsequently, these 
patients are handled differently regarding postop-
erative immunomodulatory prophylaxis. 

 Well-known risk factors for corneal graft 
rejection include:
•    More than 2/4 vascularisation of the recipi-

ent’s cornea  
•   Preoperative infl ammation of the anterior 

segment  
•   Keratoplasty à chaud  
•   Anterior synechiae  
•   Large graft (>7.7 mm diameter)  
•   Grafts near the limbus  
•   Multiple grafts    

 Identifi cation and proper handling of these 
patients is essential to provide an optimal result. 
Pharmacotherapy for prophylaxis and treatment 
of corneal graft rejection is warranted in these 
“high-risk” patients. Even when recipients will 
often get HLA-matched corneas, immune modu-
latory agents are applied in addition. 

   Topical Corticosteroids 
in High-Risk Patients 
 Because of their rapid and broad anti- 
infl ammatory effect, topical corticosteroids are 
also a “standard” in high-risk patients. Frequency 
and duration of treatment are adapted to the indi-
vidual clinical situation of the patient. For 

 “high- risk” patients, recommendations vary for 
prednisolone acetate drops from b.i.d. to up to 24 
times per day [ 10 ,  83 ]. But even a high-dose local 
corticosteroid therapy (>5× daily) cannot avoid 
graft rejection, and undesired side effects may 
instead dominate. Therefore, alternative/addi-
tional therapeutic options are necessary.  

   Topical Calcineurin Inhibitors 
(Cyclosporine A, Tacrolimus) 
   Cyclosporine A 
 Inhibition of calcineurin in the intracellular sig-
nalling pathway interferes with DNA transcrip-
tion and thus leads to a decreased function of 
immune cells. Calcineurin inhibitors are potent 
immunosuppressive drugs acting predominantly 
through inhibition of T cell activation. As a lipo-
philic compound, CsA can pass the cellular 
membrane by diffusion and binds to specifi c 
receptors called cyclophilins. Cyclophilins have 
enzymatic activity and contribute to intracellular 
protein benching [ 94 ]. Target molecules of the 
CsA-cyclophilin complex are proteins that regu-
late the gene transcription in the nucleus (NF-AT, 
AP-3, NF-B), which are involved in the transcrip-
tion of IL-2 genes [ 103 ]. In different tissues, vari-
ous types of cyclophilins exist indicating that the 
effect on IL-2 regulation might vary in different 
tissues. Until now, cyclophilins A, B, C and S 
have been characterised. It could be shown that 
cyclophilin A is highly expressed in the corneal 
epithelium but only weakly in the endothelium 
and in the uvea [ 64 ]. The regulation pathway of 
CsA activity is not completely revealed, but the 
main effect is the inhibition of cytokine synthe-
sis, especially of IL-2 but also IL-4 and tumour 
necrosis factor. CsA acts dose dependently on the 
afferent and efferent arc of the immune response. 
The MHC 50  of CsA is 10–20 ng/ml for IL-2 pro-
duction and 20–50 ng/ml for the proliferation of 
cytotoxic lymphocytes.   

   Topical Cyclosporine A 
in High-Risk Recipients 
 A number of experimental and clinical studies 
dealt with topically applied CsA, but pharmaco-
logical properties limit its clinical benefi t. As a 

graft rejection in any controlled study 
(EBM: 1+ B).  

•   Systemic corticosteroid treatment did 
not demonstrate an additional benefi t to 
topical application for normal-risk 
patients. Since systemic side effects are 
more likely to occur, additional sys-
temic treatment is not  recommended 
(EBM: 1+B).    
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lipophilic compound, CsA penetrates easily the 
corneal epithelium, but intraocular levels remain 
very low. Improved solvent preparations like 
cyclodextrin, azone, collagen lenses and lipo-
somes led to higher intraocular concentrations. 
Subsequent experimental studies using these 
preparations demonstrated a signifi cant therapeu-
tic effect [ 48 ,  55 ,  57 ]. In an experimental study of 
Lee et al., episcleral CsA implants were safe and 
effective at delivering therapeutic CsA levels to 
the cornea and able to prevent corneal allograft 
rejection [ 49 ]. 

 However, human studies using topical CsA 
demonstrated little benefi t. In a retrospective 
clinical study, a positive effect of topically 
applied CsA (2 %) on graft survival in high-risk 
but not low-risk patients could be seen [ 39 ]. 
However, subsequent prospective, randomised 
multicenter studies could not demonstrate a ben-
efi t of topical CsA eye drops using either 2 or 
0.05 % in preventing graft rejection as compared 
to topical corticosteroids [ 41 ,  97 ,  108  (EBM: 1+, 
B)]. Perry et al. [ 62 ] suggested that topical CsA 
(0.5 %) may substitute local steroids in second-
ary glaucoma responders. However, an increased 
rejection rate in CsA-treated patients was 
observed. More recently, an episcleral CsA 
implant was investigated in a prospective, ran-
domised study and compared to standard pred-
nisolone treatment. Again, no signifi cant benefi t 
could be seen in using this potential alternative to 
corticosteroids. On the contrary, Shi et al. 
reported about a CsA drug-delivery system in the 
anterior chamber. It seems to be effective for the 
prophylaxis of immune rejection after high-risk 
keratoplasty without toxicity to the cornea and 
the iris of patients [ 95  (EBM: 3, D)].  

   Topical Tacrolimus in High-Risk Recipients 
 Like CsA, FK506 is a lipophilic compound with 
similar limitation following local application, but 
intraocular drug levels are higher than with CsA 
[ 63 ]. A clinical study demonstrated that topical 
FK506 was at least as effective in preventing 
graft rejection as topical steroids in a prospective 
pilot study. However, local discomfort limited 
further use [ 74 ].   

   Systemic Cyclosporine A 
in High-Risk Recipients 
 In general, systemic application of CsA is more 
effective to reduce the risk of graft rejection in 
penetrating keratoplasty. There are a number 
of controlled and uncontrolled clinical studies 
that support the use of CsA in high-risk patients 
[ 34 ,  35 ,  102 ]. A prospective study showed that 
combined systemic CsA treatment with topical 
dexamethasone was superior to topical corti-
costeroid treatment alone [ 34  (EBM: 1+, B)]. 
However, different opinions exist on the dura-
tion of CsA application. Though a positive effect 
of a short- term therapy (3 months) was reported 
in one study [ 56 ], there are later results showing 
a better effi cacy with 1 year of CsA treatment. 
The limited benefi t of a short-term (3 months) 
CsA treatment was confi rmed by others. In 
addition, some studies could not confi rm a ben-
efi t of CsA at all [ 40 ,  69 ,  85 ,  96 ]. A prospec-
tive, randomised study could not demonstrate 
an effi cacy of systemic cyclosporine A (mean 

 Core Messages 

•     Current evidence indicates that topical 
corticosteroids remain the gold standard 
to prevent graft rejection in high-risk 
recipients. Prolonged “low-dose (1/day 
prednisolone 1 %) treatment” for 
12 months should be considered in pen-
etrating keratoplasty patients (EBM: 1+).  

•   Topical CsA did not demonstrate a sig-
nifi cant benefi t to reduce graft rejection 
in any prospective, randomised con-
trolled study. It remains inconclusive 
whether this is related to their particular 
(unfavourable) pharmacological proper-
ties or its spectrum of immune modula-
tory activity (EBM: 1+, B).  

•   Topical FK506 was at least as effective in 
preventing graft rejection as topical ste-
roids in a prospective pilot study. 
However, local discomfort remains a lim-
iting factor, and currently no commercial 
product is available (EBM: 1+, B).    
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follow-up of 42.7 months) [ 96 , (EBM: 1+, B)]. 
Potential side effects of CsA include nephro-
toxicity, increase in arterial blood pressure and 
hepatotoxic effects. Therefore, serum creatinine, 
liver enzymes and arterial blood pressure need 
to be monitored. Taken together, CsA is the most 
frequently used immunomodulatory agent for 
preventive treatment in high-risk keratoplasty 
patients [ 69 ].  

   Systemic Tacrolimus 
in High-Risk Recipients 
 The acting mechanism is similar to CsA, but, e.g. 
inhibition of lymphocyte proliferation is 10- to 
100-fold stronger compared to CsA [ 20 ]. In two 
noncomparative case series, tacrolimus was 
effective in the prevention of rejection in patients 
with high-risk corneal and limbal grafts [ 98 ,  116  
(EBM: 3, C)]. However, a high rate of undesired 
side effects and a narrow therapeutic index have 
limited the clinical use in other fi elds of trans-
plantation medicine. Predominantly reported side 
effects are nephrotoxicity and neurotoxicity [ 91 ].  

   Systemic Mycophenolate 
Mofetil in High-Risk Recipients 
 Mycophenolate mofetil (MMF) has been intro-
duced some 30 years ago. When its immunomod-
ulatory effects were revealed, it was approved 
for use in kidney and heart transplantation. After 
oral intake, MMF is transformed into MPA, the 
biologically active compound acting as a selec-
tive inhibitor of lymphocyte proliferation. A 
signifi cant preventive effect was demonstrated 
in a prospective, randomised, multicenter study 
[ 14 ]. MMF given 2 × 1,000 mg/day improved 
the rejection-free graft survival following high-
risk  keratoplasty signifi cantly ( p  = 0.044) [ 14  
(EBM: 1+, B)]. In a small randomised study 
[ 75 ], MMF was equally effective as CsA in 
high-risk keratoplasty patients. A recent survey 
of German keratoplasty centres revealed good 
acceptance of this agent in high-risk recipients 
[ 10 ]. Side effects of MMF include gastrointesti-
nal symptoms, increase in serum levels of liver 
enzymes, anaemia as well as increase in respira-
tory and urogenital tract infections. Interestingly, 
MMF provides a synergistic antiviral effect with 
 acyclovir treatment that  supports corneal graft 

survival in patients with HSV-associated kera-
titis [ 53 ].  

   Systemic Rapamycin (Sirolimus) 
in High-Risk Recipients 
 A number of experimental studies dealt with top-
ical and systemic applied rapamycin, a well- 
known agent in renal transplantation for 15 years 
[ 27 ,  42 ,  93 ,  100 ]. A fi rst prospective study on the 
use of rapamycin after penetrating high-risk ker-
atoplasty demonstrated a comparable effi cacy of 
rapamycin and MMF in preventing immune reac-
tions. However, a broad spectrum of side effects 
limit the use of rapamycin [ 15  (EBM: 1+, B)]. 
Chatel et al. presented a prospective interven-
tional case series. Six patients were treated with 
oral MMF in combination with sirolimus for 
1 year and afterwards with sirolimus only for 
additional 2 years. The combination seemed to be 
effective in extending corneal transplant survival 
in most but not all high-risk patients and gener-
ally was well tolerated [ 22  (EBM: 3, D)].     

 Core Messages 

•     Based on current evidence, systemically 
applied immune modulatory agents 
such as calcineurin inhibitors (CsA, 
tacrolimus) and mycophenolate mofetil 
provide a signifi cant benefi t to reduce 
graft rejection in high-risk patients 
(EBM: 1+B; EBM: 3).  

•   Long-term treatment using CsA 
(12 months vs. 3 months) was superior 
in high-risk recipients, but has its limita-
tion by adverse effects in individual 
cases (EBM: 1+B).  

•   Mycophenolate mofetil was equally 
effective as CsA in high-risk kerato-
plasty patients and was better tolerated 
in several studies. Additional advantage 
may result from MMF treatment in HED 
recipients due to its synergistic effect 
with antiviral medication (EBM: 1+B).  

•   Systemic rapamycin (sirolimus) might 
be a promising agent in high-risk recipi-
ents as indicated by small case series 
(EBM: 3D).    
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6.3.4     Special Situations 
and Conditions 

6.3.4.1     Recurrence of Herpetic Eye 
Disease (HED) Following 
Penetrating Keratoplasty 

 Herpetic eye disease (HED) remains a major 
indication for keratoplasty [ 44 ]. Graft failure in 
herpetic keratitis is most commonly attributed to 
either HED recurrences or allograft rejection [ 23 , 
 29 ]. The reported survival rate of postherpetic 
corneal transplants varies from 54 to 86 % at 
5 years [ 9 ,  23 ,  29 ] and is signifi cantly worse as 
compared to normal-risk patients. 

 One of the major problems following pene-
trating keratoplasty for HSV keratitis is recurrent 
disease in the transplant and secondly corneal 
graft rejection following or concurrent with her-
petic eye disease (HED). Corneal nerve disrup-
tion from surgical trauma after keratoplasty 
causes early reactivation of latent HSV-1 and its 
shedding in the tear fi lm [ 11 ,  58 ]. In addition, 
topical corticosteroids enhance herpetic infec-
tions. Most episodes of HED occur within the 
fi rst year following PK, with a reported rate of up 
to 25 % [ 43 ]. Recurrent HED is usually thought 
to be caused by reactivation of the initial infect-
ing viral strain in the trigeminal ganglion. 
However, superinfection with a new strain is also 
possible [ 80 ]. 

   Prevention of Reactivation 
in HED Recipients 
 Long-term antiviral therapy has proven to reduce 
the risk of recurrent HED and associated graft 
rejection. Oral acyclovir 400 mg twice daily dem-
onstrated a signifi cant reduction of HSV recur-
rences and a better graft prognosis [ 81 ,  104 ,  109 ]. 
Since most episodes of HSK occur within the fi rst 
year following penetrating keratoplasty, it appears 
reasonable to maintain preventive treatment for at 
least 1 year postoperatively. In a retrospective 
study [ 104 ], no recurrences were reported in 
patients receiving oral acyclovir within the fi rst 
year, as compared to 21 % in untreated patients. 
Furthermore, a prospective placebo-controlled 
multicenter trial demonstrated a signifi cant reduc-
tion of recurrent HED while for 1 year on acyclo-
vir (9 % vs. 27 %) [ 109 ].  

   Corneal Graft Rejection in HED Recipients 
 The incidence of immunological graft rejections 
in patients with underlying HED is higher than in 
normal-risk grafts [ 28 ,  30 ,  45 ]. HSV-1 DNA has 
been detected more frequently in the corneas of 
patients undergoing repeat corneal transplanta-
tion and has been suggested as a possible risk 
factor for graft failure [ 4 ,  44 ]. Herpes simplex 
virus has also been found as a rare cause of pri-
mary graft failure, probably due to transfer from 
the donor tissue to the host [ 24 ]. 

 In the absence of pathognomonic signs such 
as a donor endothelial rejection line, a dendritic 
or geographic ulcer bridging the donor-recipient 
interface, graft rejection and viral recurrence can 
be diffi cult to distinguish clinically. Further anal-
ysis based on virus detection, e.g. in the aqueous 
humour by polymerase chain reaction (PCR) or 
antibody synthesis, can be very useful [ 43 ].  

   Prevention of Graft Rejection 
in HED Recipients 
 Not only reactivation of HED but also the rejec-
tion rate could be reduced by treatment with oral 
acyclovir. Therefore, combined treatment using 
antiviral medication plus an immune modulatory 
agent is the logic consequence. Garcia et al. 
reported a rejection-free survival of 69.4 % after 
3 years in patients, receiving prophylactic oral 
acyclovir (400 mg twice a day), vs. 42.9 % in 
patients without treatment ( P  = 0.006) [ 30  (EBM: 
3, C)]. Reis et al. analysed the effect of MMF 1 g 
twice daily combined with acyclovir 5 × 200 mg/
day in patients following penetrating keratoplasty 
with HED. In this uncontrolled study, the immune 
reaction rate was low with just 13.3 % during a 
12-month follow-up [ 78  (EBM: 3, C)].   

6.3.4.2     Risk to Acquire HED After 
Penetrating Keratoplasty 

 Interestingly, the incidence of newly acquired HSV 
keratitis after penetrating keratoplasty is 14-fold 
higher increased [ 79 ]. Molecular biological studies 
of human ganglia have found evidence of HSV 
infection in as many as 94 % specimens in humans 
older than 60 years of age. Therefore, even without 
a history of HSV keratitis, a patient may be at risk 
for HSV corneal disease after PKP [ 82 ]. Although 
the trigeminal ganglion is the primary site for 
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 harbouring latent HSV-1 in terms of eye disease, 
there is considerable evidence that HSV-1 may 
remain within the cornea, for a long period, in 
either a latent or low-grade infection [ 43 ]. 

   Potential Side Effects of Antiviral Long- 
Term Treatment 
 Acyclovir is an acyclic nucleoside analogue of 
guanosine that inhibits HSV replication in the 
host cells. In terms of dosage, acyclovir 400 mg 
fi ve times per day provides therapeutic levels in 
the aqueous, while 400 mg    b.i.d. is considered as 
prophylactically effective. Low-dose oral acyclo-
vir therapy is generally well tolerated, and evalu-
ation of renal function is not recommended 
routinely. However, acyclovir should be avoided 
in patients with known renal disease, and people 
at risk for kidney problem should be cleared 
before using this drug.      

6.4     Management and Treatment 
of Corneal Graft Rejection 

 Despite all progress made in preventive mea-
sures, corneal graft rejection still occurs. Thus, 
early recognition and effective treatment of graft 
rejection remains critical for the success of cor-
neal transplantation. The treatment of corneal 
graft rejection varies according to its clinical 
presentation. 

6.4.1     Epithelial and SEI Rejection 

 Epithelial and SEI rejection is usually treated on 
an outpatient basis with frequent topical steroids, 
such as prednisolone acetate 1 % every 2 h.  

6.4.2     Endothelial Rejection 

 Endothelial rejection needs probably a more 
aggressive treatment strategy. A questionnaire, 
designed to evaluate the practice patterns for 
corneal graft rejection, demonstrated that up to 
42 % experts preferred to admit these patients 
and to treat them with topical prednisolone 1 % 
every hour [ 47  (EBM: 4, D)]. It is mainly agreed 
upon that additional treatment to topical steroids 
is supportive as either systemic or periocular 
steroids [ 47 ]. 

 Whether subconjunctival or systemic steroid 
treatment is superior to each other is less clear. 

 Costa et al. presented a case control study that 
analysed the reversion rate in patients with an 
initial episode of corneal endothelial rejection. 
A single subconjunctival injection of 20 mg tri-
amcinolone showed a signifi cant better outcome 
( p  = 0.025) as compared to a single intravenous 
injection of 500 mg methylprednisolone when 
combined with topical 1 % prednisolone [ 25  
(EBM: 2+, C)]. In contrast, Hudde et al. com-
pared in a prospective, randomised trial the use 
of a single intravenous pulse of methylpredniso-
lone 500 mg with a single subconjunctival beta-
methasone 2 mg injection in addition to local 

 Core Messages 

•     Graft failure in herpetic keratitis is most 
commonly attributed to HED recurrences 
and allograft rejection (EBM: 2+).  

•   Based on current evidence, long-term 
(12 months) prophylaxis using low-dose 
antiviral treatment (e.g. 400 mg acyclo-
vir twice daily) signifi cantly reduced 
recurrent HED (EBM: 1+).  

•   The incidence of immunological graft 
rejections in patients with underlying 
HED is more than 10 times higher than 
in normal-risk grafts and often associ-
ated with reactivated HED (EBM: 2+).  

•   The rejection rate could be signifi cantly 
reduced by additional long-term antivi-
ral treatment (EBM: 3, C).  

•   Combined antiviral prevention and 
immunomodulatory treatment should be 
therefore considered in HED patients. 
Mycophenolate mofetil might be a par-
ticular interesting agent since it demon-
strated an additional supportive effect 
(EBM: 3, C).    
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 corticosteroid treatment. No statistically sig-
nifi cant difference was found between the two 
groups with regard to reversal of the graft rejec-
tion episode [ 38  (EBM: 1+, B)]. In a retrospec-
tive case- control study, 67 patients were treated 
with 1 % topical prednisolone acetate and pulsed 
intravenous methylprednisolone 500 mg vs.14 
patients receiving topical treatment only [ 26  
(EBM: 3, D)]. There was a statistically signifi -
cant association ( p  < 0.05) to greater success with 
pulsed steroids. Analysing different systemic 
steroids therapies, Hill et al. showed that pred-
nisolone acetate 1 % drops and single i.v. pulse of 
500 mg methylprednisolone ( n  = 24), vs. topical 
therapy plus oral 60–80 mg prednisolone dem-
onstrated a signifi cant better outcome using pulse 
therapy ( p  < 0.05) [ 36  (EBM: 1+, B)]. 

 The use of oral steroids remained a constant 
treatment element for graft rejection in a 
Castroviejo Society survey. Also respondents of 
a Bowman Club survey reported signifi cantly 
higher use of oral steroids for routine manage-
ment of high-risk graft and defi nite graft rejec-
tion [ 71 ,  118  (EBM: 4, D)]. 

 Interestingly, a single-centre study demon-
strated a signifi cant better response to reverse 
rejection after treatment with i.v. dexamethasone 
as compared to i.v. methylprednisolone, when 
used in addition to topical steroids ( p  = 0.018) 
[ 106 ]. In addition, a case report demonstrated 
that a single intracameral injection of triamcino-
lone acetonide may be an option to treat endothe-
lial graft rejection when other steroid therapies 
have failed [ 52  (EBM: 3, D)]. Another case- 
control study reported about an effect in reducing 
the time to improvement of endothelial graft 
rejection after intravitreal injection of triamcino-
lone [ 117  (EBM: 2+, C)]. 

6.4.2.1     Additional Topical CsA 
Treatment in Endothelial Graft 
Rejection 

 Other options such as topical CsA 0.05 % were less 
effective. Poon et al. demonstrated that as an adjunct 
use to topical steroids, it does not improve the out-
come of graft rejection [ 70 ,  71  (EBM: 2+, C)].     

6.5     New Developments and 
Future Perspectives in 
Immune Modulation 

6.5.1     New Developments in 
Immune Modulation 

 The pathophysiologic basis of modern immune 
pharmacology is focused on T cell modulation 
and the interaction with antigen-presenting cells. 
Identifi cation of pathophysiologic pathways such 
as costimulatory signals, T cell receptor antago-
nists and cytokine signalling have also resulted in 
a more tailored immune modulation. These 
approaches are already used in other fi elds of 
transplantation, but are not approved so far in 
human keratoplasty.  

 Core Messages 

•     Epithelial and SEI rejection can be 
effectively treated with frequent topical 
steroids, such as prednisolone acetate 
1 % every 2 h (EBM: 3+).  

•   Reversal of endothelial graft rejection is 
more diffi cult to obtain. Corticosteroids 
used as either subconjunctival injection 
or systemic therapy demonstrated a sig-
nifi cant benefi t when used in addition to 
topical treatment (EBM: 1+, B).  

•   Based on current evidence, the use of 
500 mg intravenous methylprednisolone 
in addition to 1 % topical prednisolone 
acetate is superior in reverting corneal 
allograft rejection when compared to 
isolated use of 1 % topical prednisolone 
(EBM: 3, D).  

•   Pulse therapy, using i.v. 500 mg methyl-
prednisolone, was superior to oral sys-
temic steroid application (EBM: 1+, B).  

•   Intracameral injection of triamcinolone 
acetonide might be an additional option 
to treat endothelial graft rejection when 
other steroid therapies have failed 
(EBM: 3, D).    
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6.5.2     Monoclonal Antibodies and 
Other “Biologicals” to Prevent 
Corneal Graft Rejection 

 First clinical studies dealt with basiliximab, a 
monoclonal antibody with a high specifi c binding 
affi nity to the IL-2 receptor of activated T cells. A 
fi rst prospective pilot study on the use of basilix-
imab after penetrating high-risk keratoplasty 
demonstrated that using this antibody immedi-
ately following surgery and four days postopera-
tively has a lower effi cacy in preventing immune 
reactions after risk keratoplasty than CsA [ 13  
(EBM: 1+, B)]. However, the side effect profi le 
of basiliximab was more favourable than that of 
CsA. Additionally, Schmitz et al. showed a 
potential promising effect of the combination of 
basiliximab perioperatively and cyclosporine 
postoperatively [ 88  (EBM: 3, D)].  

6.5.3     Future Perspectives in 
Immune Modulation 

 New approaches to reduce the risk of allograft 
rejection may focus on topical rather than sys-
temic therapies. New targets of “biologicals”, 
agents that selectively interfere with key path-
ways, may include costimulatory molecules, 
antiapoptotic strategies and antiangiogenic and 
anti-lymphangiogenic factors. In addition, gene 
therapeutic approaches may be of particular 
interest [ 84 ]. Corneal grafts can be preserved for 
prolonged periods of time and allow modifying 
allografts ex vivo prior to transplantation. It is 
very likely that modulation of different pathways 
simultaneously may be necessary to improve 
clinical allograft survival.      
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7.1            Defi nition 

 Corneal    neovascularisation after corneal trans-
plantation is described as the ingrowths of blood 
and lymphatic vessels from the physiological 
limbal vessel arcade or from pathological pre- 
existing corneal neovascularisation into the 
physiologically avascular cornea. Corneal neo-
vascularisation can be superfi cial at the epithelial 
or subepithelial level or deep within the corneal 
stroma. The extent of corneal neovascularisation 
can be clinically graded into clock hours or quad-
rants involved and by the extension of blood ves-
sels from the limbal arcade towards the corneal 
centre. The most accurate method of grading cor-
neal blood vessels is performed by a computer-
aided morphometrical analysis [ 1 ]. Although 
morphometrical methods require a certain techni-
cal setup and experienced technical assistant, this 
approach helps to identify even minor changes in 
corneal neovascularisation. 

 Corneal neovascularisation is frequently 
observed after low-risk as well as after high-risk 
corneal transplantation [ 2 – 6 ]. Preoperative cor-
neal neovascularisation has long been identifi ed 
as a risk factor for immune rejection after 
 keratoplasty. The role of additional ingrowths of 
blood vessels and clinically invisible lymphatic 
vessels  after  keratoplasty has been evaluated 
extensively in animal models demonstrating the 
contribution of postoperative hem- and lymphan-
giogenesis in the initiation and perpetuation of an 
allogenic graft rejection.  
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7.2     Aetiology 

 The aetiology of postkeratoplasty neovascularisa-
tion is diverse. Hem- and lymphangiogenesis after 
corneal transplantation is often suture related. The 
ingrowths of blood vessels directing towards the 
sutures anchoring the graft to the host cornea are 
common [ 7 ]. Even though most sutures after low-
risk corneal transplantation remain non-reactive 
for an almost unlimited period, they can also 
cause a subtle chronic infl ammatory stimulus thus 
promoting corneal hem- and lymphangiogenesis. 
Other conditions causing postkeratoplasty corneal 
neovascularisation are dry eye syndrome, corneal 
endothelial decompensation, limbal stem cell 
defi ciency or infectious infl ammation like in 
recurrent herpes keratitis.  

7.3     Clinical Symptoms and 
Signs of the Underlying 
Condition/Disorder 

 Peripheral corneal vascularisation passing the 
physiological limbal arcade can be frequently 
seen without causing any symptoms [ 7 ]. The 
main complaint in patients with corneal vascu-
larisation approaching the optical zone is blurred 
vision. Some patients also observe haloes due 
to corneal oedema. Especially newly formed 
blood vessels tend to leak facilitating the trans-
fer of fl uid into the corneal stroma. Depending 
on the degree of the underlying vascularisa-
tion, this kind of corneal oedema can involve 
the whole or only parts of the cornea which is 
the case after focal ingrowths of blood vessels. 
This can induce changes to the corneal curvature 
leading to corneal astigmatism which further 
impairs the patient’s vision and can cause symp-
toms like monocular diplopia. In addition to cor-
neal oedema, vessel leakage can also lead to the 
deposition of fatty materials in the superfi cial or 
deeper corneal stroma which is clinically recog-
nised as secondary lipid keratopathy. Particularly 
new corneal blood vessels can also bleed lead-
ing to an intrastromal haemorrhage which can be 
recognised by the patient as an acute worsening 
of vision. 

 Both preoperative blood and lymphatic  vessels 
are important contributors to an allogenic graft 
rejection following keratoplasty [ 8 ]. The process 
of graft rejection is described by the immune 
refl ex arc where lymphatic vessels serve as the 
afferent arm which allows antigen- presenting 
cells to reach the corresponding lymph nodes 
where they promote the formation of effector T 
cells. These effector T cells are directed against 
the graft’s antigens and use the blood vessels as 
the efferent arm of the immune refl ex arc to reach 
the corneal transplant. Different anatomical 
structures of the cornea can be involved depend-
ing on whether the immunological reaction is 
directed against the corneal epithelium, stroma or 
endothelium. Endothelial rejection, which is the 
most common form, is characterized by infl am-
matory cells in the anterior chamber and by pre-
cipitates on the endothelial surface. In addition, 
the eye can show unspecifi c general symptoms of 
infl ammation and corneal oedema such as red-
ness or photophobia.  

7.4     Differential Diagnosis 

 Different types of corneal vascularisation can be 
distinguished. Corneal vascularisation can result 
from the sole ingrowths of blood and lymphatic 
vessels. In addition, superfi cial or stromal scar-
ring can be caused by accompanying ingrowths 
or formation of fi brotic tissue which is then called 
fi brovascular tissue or pannus when covering the 
cornea. In superfi cial or anterior vascularisation, 
concomitant ingrowths of conjunctival tissue can 
be observed in limbal stem cell defi ciency. In 
this situation the physiological barrier between 
the cornea and the conjunctiva maintained by 
the limbus is abolished resulting in a conjuncti-
val overgrowth over the cornea which is termed 
conjunctivalisation. 

 Conditions which can mimic progression of 
corneal vascularisation or a higher state of ves-
sel activity are diseases causing an increase in the 
pressure of the venous system which results in 
an enlargement of the conjunctival and episcleral 
veins surrounding the cornea. Thrombosis of the 
cavernous sinus and fi stulisation between the 
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internal carotid artery or its branches and the cav-
ernous sinus are examples of diseases causing a 
rise in the pressure of the ocular venous system.  

7.5     Treatment 

 Corneal neovascularisation is a risk factor for 
graft rejection and graft failure after keratoplasty 
[ 8 ]. There are two different ways to address the 
problem of postkeratoplasty corneal neovas-
cularisation. The fi rst aims on the reduction of 
postoperative angiogenesis by postoperative anti-
angiogenic treatment. The second approach aims 
on the improvement of the preoperative situa-
tion in terms of preconditioning the host cornea 
by reducing the preoperative neovascularisation. 
Reducing the preload of corneal neovascularisa-
tion before corneal transplantation can positively 
infl uence the postoperative formation of addi-
tional blood and lymphatic vessels and thus con-
tributes to a reduction in risk of graft rejection 
and graft failure [ 9 ]. 

 Several therapeutic strategies are or were in 
clinical use for restoring corneal clarity or reduc-
ing the risk of graft rejection after keratoplasty 
caused by corneal neovascularisation including 
steroids, radiation, cryotherapy and conjunctival 
recession. Depending on the degree and the ana-
tomical position of corneal neovascularisation, 
surgical techniques like laser coagulation, fi ne- 
needle diathermy, lamellar keratectomy or corneal 
lamellar or perforating keratoplasty can improve 
the patient’s vision or reduce the risk of graft 
rejection. New pharmaceutical antiangiogenic 
treatment options offer the opportunity to reduce 
or prevent corneal neovascularisation without or 
in combination with a surgical approach. 

7.5.1     Pharmaceutical 
Antiangiogenic Treatment 

 New pharmaceutical treatments aiming on 
decreasing a VEGF-mediated angiogenic stimu-
lus are most effective in preventing or reducing 
the formation of freshly grown blood and lym-
phatic vessels. Old corneal blood vessels have 

established vessel walls coated by pericytes and 
show much less response to a gap in VEGF sup-
ply. Thus, a pure pharmaceutical treatment can be 
performed in active and progressive vascularisa-
tion rather than in established blood vessels. 

 The potency of various antiangiogenic agents 
on corneal neovascularisation has been shown in 
numerous animal studies and has also been exam-
ined in humans [ 10 – 16 ]. However, so far only 
one study addressed this issue in a randomised, 
controlled and multicenter setting where GS-101, 
an antisense oligonucleotide with antiangiogenic 
properties, was applied topically bid and reduced 
corneal neovascularisation in patients with pro-
gressive vascularisation [ 13 ]. Up to now the effect 
of a pharmaceutical antiangiogenic treatment after 
keratoplasty has only been evaluated in animal 
models. Here, the postkeratoplasty administration 
of VEGF-Trap, a potent inhibitor of angiogenesis, 
has shown a reduction in  postoperative angio-
genesis as well as a prolonged graft survival of 
allogenic corneal grafts after low- and high-risk 
keratoplasty [ 2 – 4 ,  17 ]. No systemic or topical 
antiangiogenic drug is approved for the treat-
ment of corneal neovascularisation. Bevacizumab 
is the drug most widely used because of its low 
price and its well known antiangiogenic effect 
in ocular neovascularisation other than corneal 
neovascularisation. 

 Side effects under local antiangiogenic treat-
ment with bevacizumab eyedrops (5 mg/ml) are 
rare and mainly comprise wound healing defects 
of the corneal surface [ 10 ]. However, even under 
antiangiogenic treatment, closure of corneal ero-
sions has been described [ 15 ].  

7.5.2     Surgical Antiangiogenic 
Treatment 

 Superfi cial corneal neovascularisation can be 
treated by mechanically removing the vascular-
ised tissue (pannectomy or lamellar keratectomy). 
Stromal vascularisation is amenable to coagula-
tion of the vessels which can be performed with 
a focal destruction of tissue using a yellow dye 
laser (577 nm) or by fi ne-needle diathermy [ 18 , 
 19 ]. The latter utilises a stainless steel needle 
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attached to a 10-00 nylon suture. The    needle is 
introduced into or nearby the vessel lumen, and 
the tip of a coagulation probe is then attached to 
the needle until a white blanching of the corneal 
stroma indicates coagulation of the blood vessels. 

 Even though lamellar or penetrating kerato-
plasty itself is a treatment for vascularised corneas, 
a postoperative vascularisation into the grafted 
cornea is likely if the angiogenic stimulus per-
sists. This, in addition to the higher risk of graft 
rejection, will contribute to an accelerated failure 
of the graft. For example, in case of recurrent her-
pes keratitis, a postoperative prophylactic antiviral 
therapy has to be conducted (aciclovir 400 mg BID 
for 12 months) [ 20 ]. Dry eye syndrome has to be 
treated according to the guidelines of the dry eye 
workshop, and limbal stem cell defi ciency should 
be treated by transplantation of epithelial stem cells 
before keratoplasty takes place [ 21 – 24 ]. Generally, 
these measures have to be performed months till 
years before the intended optical corneal transplan-
tation. Increasing the chance of a lasting avascular 
graft, the patient’s cornea must not have signs of 
chronic ongoing vascularisation or infl ammation 
during this prekeratoplasty period. 

 Both the surgical approach and the pharma-
ceutical treatment can be combined to maximise 
the antiangiogenic effect.      
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8.1            Introduction 

 Vitreoretinal surgery is comprised of a number of 
techniques, and any of them can cause infl amma-
tion for different reasons. This chapter will focus 
on the treatment of infl ammation caused by 
scleral buckling, pars plana vitrectomy, and com-
bined procedure phacovitrectomy. 

 To aid comprehension, we will describe the 
infl ammatory complications secondary to each 
procedure and then address methods of preven-
tion and treatment. 

8.1.1     Pars Plana Vitrectomy 

 Sutureless microincisional surgery with 23- and 
25-gauge instruments has signifi cantly reduced 
postoperative infl ammation. Nevertheless, it 
remains a signifi cant complication in vitrectomy. 

8.1.1.1     Ocular Surface Infl ammation 
 Traditional 20-gauge vitrectomy causes severe 
infl ammation in the sclerotomies sites    and con-
junctiva. Microincisional surgery with 23- and 
25-g. instruments can now minimize ocular 
 surface trauma with the use of sutureless trans-
conjunctival cannulas. However, when scleroto-
mies are sutured with transconjunctival sutures, 
local infl ammation is more severe than if the 
sclera and conjunctiva are sutured separately 
(Fig.  8.1 ). One way of reducing this infl amma-
tion is to perform a temporary transconjunctival 
suture that can be removed the day after surgery 
under the slit lamp.
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8.1.1.2        Anterior Chamber 
Infl ammation 

 In a recent study with the use of a fl are meter, no 
differences in anterior chamber infl ammation 
were found between 20-g. vitrectomy and suture-
less microincisional vitrectomy [ 1 ]. 

 Although anterior chamber infl ammation fol-
lowing a vitrectomy is usually mild, infl amma-
tory cells may occlude the trabecular network 
and lead to an infl ammatory glaucoma in the 
early postoperative period. 

 This increase in intraocular pressure (IOP) 
may be worsened if either silicon oil or a gas tam-
ponade is used. This IOP increase has been 
described with SF6 and C3F8 [ 2 ]. It has been 
suggested that the expansion of the gas causes an 
anterior displacement of the iridocrystalline dia-
phragm and a closed-angle glaucoma   , either with 
or without a pupillary block. The IOP increase is 
more frequent when there are fi brinous exudates 
in the anterior chamber [ 3 ]. 

 Silicone oil causes an IOP increase through a 
number of mechanisms, including infl ammation. 
Others include pupillary block, synechial angle 
closure   , iridis rubeosis, and the migration of emul-
sifi ed silicone oil into the anterior chamber [ 4 – 6 ].  

8.1.1.3     Choroidal Detachment 
 Choroidal detachment is unusual with current 
microincisional techniques because intraocular 

pressure is kept quite stable throughout the 
 procedure [ 7 ]. However, a recent report describes 
a high incidence of subclinical choroidal detach-
ment with an anterior segment OCT following 
25-g. vitrectomies. This has been related to a 
higher percentage of postoperative hypotony due 
to a leak through the sclerotomies [ 8 ]. 

 This complication is more common in younger 
patients, myopic patients, and following vitrec-
tomy for retinal detachment with scleral indenta-
tion at 360° to shave the vitreous base. 

 Choroidal detachment, whether intraoperative 
or postoperative, alters the blood-ocular barrier 
and induces intraocular infl ammation in both the 
anterior and posterior segments.  

8.1.1.4     Alteration of Extraocular 
Muscles 

 Alteration in extraocular muscles is rare follow-
ing vitrectomy, although it is more frequent 
when associated with scleral buckling. Many 
factors can cause diplopia, for which sensorial 
fusion loss is equally as important as mechani-
cal causes related to muscular damage. This 
type of damage is more common when extended 
scleral indentation is performed in vitrectomy 
for retinal detachment. In our experience with 
128 vitrectomies for retinal detachment without 
buckling, only one patient developed temporary 
diplopia following surgery.  

8.1.1.5     Persistent Macular Edema 
Following Vitrectomy 

 Vitrectomy is useful in the treatment of tractional 
macular edema [ 9 ,  10 ]. However, macular edema 
may persist after vitrectomy in diseases like dia-
betic macular edema [ 9 ,  10 ], epiretinal mem-
branes, Irvine-Gass Syndrome, and retinal vein 
occlusions. 

 A recent study with OCT of a number of reti-
nal diseases that have been treated with pars 
plana vitrectomy shows a persistence of macular 
edema in 47 % of cases 1 month after surgery 
(Fig.  8.2 ). In the study, macular thickness was 
related to an infl ammatory reaction 1 month after 
surgery [ 11 ].

  Fig. 8.1    Conjunctival infl ammation secondary to a 
 transconjunctival suture of the sclerotomy       
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   Refractory macular edema following vitrec-
tomy is usually treated with steroids. Good results 
have been described in the treatment of persistent 
diabetic macular edema with  sub- Tenon and intra-
vitreal triamcinolone [ 12 – 14 ]. A meta-analysis of 
the literature comparing the results of a placebo 
versus intravitreal or sub- Tenon triamcinolone has 
found that either method of administering triam-
cinolone reduces refractory macular edema and 
improves visual acuity more than a placebo. This 
visual acuity improvement is signifi cantly better 
when triamcinolone is administered intravitreally, 
although the effect will only last 3 months in 
either case, with no differences compared to base-
line at 6 months. Independently of the method 
of administration, the most frequent secondary 
effects are intraocular hypertension, cataract pro-
gression, and endophthalmitis [ 15 ]. 

 Recently, an intravitreal dexamethasone deliv-
ery system has been developed to reduce the sec-
ondary effects of intraocular steroids [ 16 – 18 ]. 
The system is also useful in reducing refractory 
diabetic macular edema following surgery.   

8.1.2     Scleral Buckling 

 Scleral buckling can be performed on its own or 
in combination with pars plana vitrectomy to 
treat retinal detachment. It causes infl ammation 
in the early postoperative period owing to the 
more extensive surgical maneuvers involved. It 

can also cause long-term infl ammation due to the 
extrusion and infection of the silicone buckle. 

8.1.2.1     Early Postoperative 
Infl ammation 

      Surface Infl ammation 
 Following scleral buckling, infl ammation can 
often be found in the conjunctiva, Tenon capsule, 
or muscle insertions affected by surgical maneu-
vers. Reducing the intensity of this infl ammation 
requires a careful conjunctival peritomy, a pre-
cise dissection of the Tenon capsule, and a care-
ful manipulation of extraocular muscles, while 
avoiding unnecessary trauma. A continuous 
suture of the conjunctiva and Tenon capsule will 
reduce postoperative scarring and simplify any 
reoperation. If postoperative infl ammation per-
sists, the conjunctiva suture can be removed 
7–10 days after surgery.  

   Anterior Chamber Infl ammation 
 Although infl ammation in the anterior chamber 
after scleral buckling is usually mild, it may con-
tribute to increasing IOP. Infl ammatory cells and 
fi brin in the anterior chamber can occlude the tra-
becular network and cause an infl ammatory 
 glaucoma, although the glaucoma will respond 
well to topical hypotensive treatment with beta- 
blockers and steroids. Increased IOP may also 
result from steroid treatment. 

 Another factor that can contribute to higher 
IOP following scleral buckling is the narrowing 
of the anterior chamber, which usually persists 
for 1 year [ 19 ]. Anterior segment infl ammation 
may also give rise to anterior and posterior iris 
synechiae.  

   Choroidal Detachment 
 Choroidal detachment after scleral buckling is 
not uncommon: incidence of up to 40 % has been 
described [ 20 ]. 

 The risk factors for choroidal detachment can 
include the following: the length of the buckle; 
the position of the buckle; the age of the patient, 
with a higher risk in older patients; hypotony; 
and pathologic myopia [ 21 ]. 

  Fig. 8.2    Optical coherence tomography showing macu-
lar edema in a vitrectomized diabetic eye       

 

8 Treatment of Infl ammation Secondary to Vitreoretinal Surgery



126

 Peripheral choroidal detachment has no effect 
on vision, although it does increase the risk of 
retinal re-detachment. In contrast, in massive 
choroidal detachment, kissing choroidal detach-
ment, or if the macula is affected, the reduction in 
visual acuity is usually severe. If the detachment 
is peripheral, topical, systemic steroids and rest 
are recommended. However, more severe cases 
will require transscleral drainage. 

 A special case is annular choroidal detachment 
of the ciliary body, which causes an anterior dis-
placement of the ciliary body and a secondary 
angle closure. Postoperative closed-angle glau-
coma has an incidence of 1.4–4 % following 
scleral buckling [ 22 – 24 ]. This complication usu-
ally occurs between 2 and 7 days after surgery. 
Gonioscopy may be diffi cult to perform because 
of the corneal edema. Ultrasound is used for the 
diagnosis, particularly ultrasound biomicroscopy. 

 The fi rst step in treatment is to control infl amma-
tion and IOP. This can be achieved as follows: topi-
cal hypotensive drugs to reduce aqueous humor 
production, oral steroids to control infl ammation, 
and cycloplegic drugs to tighten the zonula and 
deepen the anterior chamber. Only in cases of coex-
istence of the detachment with a pupillary blockage, 
can a laser ND: YAG iridotomy be performed to 
facilitate circulation of the aqueous humor. 

 If the angle closure persists, more aggressive 
treatment may be needed to prevent iridocorneal 
synechiae. If these synechiae develop, an irido-
plasty or laser gonioplasty must be performed to 
open the angle [ 25 ]; if this technique fails to achieve 
results, drainage of supraciliary fl uid is necessary.  

   Cystoid Macular Edema 
 Cystoid macular edema is a response to infl am-
mation caused by surgical maneuvers during 
scleral buckling, transscleral cryotherapy, or 
laser photocoagulation to achieve retinopexy 
[ 21 ]. It is known that certain mediators like pros-
taglandins and vascular endothelial growth fac-
tor (VEGF) are involved in its development. 
These mediators increase microvascular perme-
ability by altering the inner blood-retinal barrier 
in the perifoveal capillaries [ 26 ]. This results in 
an accumulation of intraretinal fl uid in the  intra- 
and extracellular space. 

 The incidence of macular edema following 
scleral buckling, as revealed in angiography, affects 
between 30 and 65 % of cases [ 27 ,  28 ], with the 
higher percentage found among aphakic and older 
patients. New diagnostic techniques like optical 
coherence tomography can reveal subclinical macu-
lar edema with no visual impact after scleral buck-
ling [ 29 ]. Unlike fl uorescein angiography, OCT is a 
noninvasive technique that can also measure the 
thickness of the retina, which is highly useful in fol-
lowing up anti- infl ammatory treatment [ 30 ]. 

 Even though macular edema is occasionally 
mild and self-limited, most cases require anti- 
infl ammatory treatment. 

 One of the most common treatments is nonste-
roidal anti-infl ammatory drugs (NSAIDs) that 
inhibit the synthesis of prostaglandins by block-
ing cyclooxygenase. These drugs have been used 
both systemically and topically to prevent or treat 
macular edema or to facilitate the drainage of 
residual subretinal fl uid after scleral buckling. 
Topical indomethacin would seem to minimize 
the incidence of postoperative macular edema 
diagnosed in angiography [ 31 ], while studies 
with oral valdecoxib (a selective inhibitor of 
cyclooxygenase 2) show that it does not prevent 
macular edema, although it does improve the 
reabsorption of residual subretinal fl uid [ 32 ]. 

 Steroids inhibit the infl ammatory pathway of 
prostaglandins prior to the use of NSAIDs, thus 
inhibiting the formation of arachidonic acid from 
membrane lipids [ 33 ]. They can be administered 
topically, periocularly, intravitreally, orally, or 
intravenously. 

 Inhibitors of carbonic anhydrase (oral acetazol-
amide) facilitate the transport of fl uid through the 
retinal pigment epithelium to the choroid and mini-
mize edema. They also cause acidifi cation in the 
subretinal space, which increases retinal adhesive-
ness [ 34 ]. They are useful in treating macular edema 
in retinitis pigmentosa and Irvine- Gass syndrome.   

8.1.2.2     Delayed Postoperative 
Infl ammation 

   Epiretinal Membranes 
 The development of epiretinal membranes follow-
ing scleral buckling is common (3–17 %), and it is 
one of the main causes of visual acuity loss [ 21 ,  35 ]. 
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The most signifi cant risk factors are postoperative 
infl ammation, vitreal hemorrhage, and vitreous loss 
during drainage of subretinal fl uid. Suitable anti-
infl ammatory treatment in the immediate postopera-
tive period can reduce the incidence of this 
complication, which may otherwise require surgery.  

   Alteration of Extraocular Muscles 
 In the fi rst 6 weeks of the postoperative period, 
more than 50 % of patients present diplopia, which 
can be minimized by treatment of extraocular 
muscle infl ammation. In 5–25 % of cases, this dip-
lopia becomes permanent [ 36 ]. The risk factors for 
permanent diplopia are the position and size of the 
scleral buckle – the larger the buckle, the greater 
the risk of diplopia [ 37 ] – and fi brosis around the 
buckle and extraocular muscles. 

 The best treatment for diplopia is prevention. 
Retinal surgeons must take great care during 
muscle dissection to prevent exposure to the sub- 
Tenon fat in order to prevent the development of 
postoperative adherences; they should avoid 
excessive traction or direct cryotherapy of the 
muscles, as this will lead to atrophy and, over 
time, muscular tearing. Debate continues about 
whether muscular disinsertion during surgery 
increases the risk of diplopia [ 37 ]. 

 Initial treatment of diplopia is conservative, as 
anti-infl ammatory treatment is usually suffi cient 
to achieve resolution. If diplopia persists for 
2 months or longer, treatment is necessary. If the 
deviation is concomitant and small – that is, less 
than 15 prismatic deviations – it can be treated 
with prisms. If the deviation angle is larger, either 
the buckle can be removed or muscle surgery can 
be performed [ 37 ].  

   Orbital Infl ammation 
 Chronic low-grade infl ammation caused by 
rejection of the buckle or of the sutures can lead 
to foreign body granulomas, infl ammatory pseu-
dotumors, or buckle extrusion. These complica-
tions have been more frequently described in 
hydrogel explants than in solid silicone bands 
[ 38 ,  39 ]. Treatment usually involves surgical 
removal of the buckle, which is easier when the 
band is made of silicone than of hydrogel, which 
tends to fragment [ 38 ].  

   Buckle Extrusion and Infection 
 Chronic erosion of the Tenon and conjunctiva 
caused by scleral buckling can be complicated by 
extrusion and infection of the buckle. It has been 
described in 0.2–1.2 % of silicone buckles, but 
the incidence is higher in segmental buckles [ 40 ]. 

 This complication does not usually respond to 
topical antibiotics or anti-infl ammatory drugs. 
Treatment consists of removing the buckle and 
suturing the Tenon and conjunctiva. Removal of 
the implant poses a risk of retinal detachment in 
4–33 % of cases [ 41 – 44 ]. The re-detachment rate 
is higher in cases of buckle infection, vitreous 
traction, large retinal detachment at baseline, and 
shorter postoperative periods [ 45 ]. This risk can 
be minimized by photocoagulation of retinal 
tears 2 weeks prior to buckle removal.    

8.1.3     Combined Procedure: 
Phacovitrectomy 

8.1.3.1     Anterior Chamber 
Infl ammation 

 A combined procedure of phacoemulsifi cation of 
the lens and pars plana vitrectomy can achieve 
quicker visual recovery in a single procedure, but it 
increases the duration of surgery and causes greater 
infl ammation in the anterior chamber. It increases 
the risk of ciliary body effusion (80 % of cases) and 
the risk of narrowing of the anterior chamber, com-
plications revealed in ultrasound biomicroscopy 
[ 46 ]. A more severe reaction in the anterior cham-
ber and a greater tendency to develop fi brin and 
posterior synechiae have also been reported [ 47 , 
 48 ]. These can induce postoperative tension peaks 
and IOL displacement (Fig.  8.3 ). The fi brinous 
reaction in the anterior chamber has been described 
in up to 7 % of combined procedures and more fre-
quently in diabetic, young, or uveitis patients [ 49 ]. 
The treatment of choice is steroids while avoiding 
the use of long-duration mydriatic drugs to prevent 
posterior synechiae of the iris to the lens.

8.1.3.2        Irvine-Gass Syndrome 
 In 1953, Irvine described a syndrome of macu-
lar alteration following cataract surgery and 
 associated it with ocular irritation [ 50 ]. In 1966, 
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Gass described cystic macular changes associ-
ated with an angiographic leak following cataract 
surgery [ 51 ]. These fi ndings are now known as 
pseudophakic cystoid macular edema. Although 
the etiology is not well understood, it has been 
related to infl ammation induced by surgery and 
vitreous traction in the macular area. 

 There are three ways of diagnosing macular 
edema: fl uorescein angiography, ophthalmos-
copy, and optical coherence tomography (OCT), 
where the last of these is the most sensitive. 

 Although the incidence of macular edema fol-
lowing combined retina and cataract surgery was 
reported in early studies to be 43 % [ 52 ], more 
recent studies have found an incidence of approx-
imately 9 % [ 47 ,  49 ]. 

 No specifi c studies of macular edema follow-
ing phacovitrectomy have been reported.    

8.2     Prevention of Postoperative 
Infl ammation 

 We will now discuss the drugs used to prevent 
infl ammation following vitreoretinal surgery. 

8.2.1     Preoperative Use of 
Nonsteroidal Anti- 
infl ammatory Drugs 

 NSAIDs have been used preoperatively in cataract 
surgery, and it is known that they reduce pain, 
infl ammation, and myosis, thus facilitating surgery 

and recovery. Indeed, they prevent the  development 
of macular edema following surgery. 

 They have been administered in different ways 
prior to vitreoretinal surgery. 

 There are indications that intravenous adminis-
tration of ketorolac during vitreoretinal surgery 
reduces pain and nausea in the postoperative period 
[ 53 ,  54 ]. A study comparing topical ketorolac used 
4 times a day for 3 days prior to surgery and 
4 weeks postoperatively with placebo has shown a 
reduction in pain and infl ammation in the postop-
erative period and better visual results in the treat-
ment group. No differences were found in the level 
of mydriasis achieved during the procedure [ 55 ].  

8.2.2     Heparin in Irrigation Solution 

 Heparin is a derivative of heparan sulfate that has an 
anticoagulant effect. It has been used in vitreoretinal 
surgery for two purposes: to prevent proliferative 
retinopathy and to minimize fi brinous reaction. 

 Low-molecular-weight heparin (LMWH) has 
been used in vitrectomy irrigation infusion in asso-
ciation with 5 fl uorouracil to prevent proliferative 
retinopathy because it also inhibits fi broblast adhe-
sion and collagen polymerization, which is syner-
gistic with the antimetabolite [ 56 – 58 ]. 

 LMWH has been used in irrigation infusion to 
minimize fi brinous response to surgery. In ani-
mals, it has successfully been used in combined 
procedure phacovitrectomy [ 59 ]. However, the 
use of intravenous heparin combined with hepa-
rin in irrigation infusion was associated with 
bleeding [ 60 ]. Studies have progressively 
increased the dose of LMWH in irrigation infu-
sion, resulting in a reduction of the anterior 
chamber reaction without increasing the risk of 
bleeding at a dosage of 6.0 IU/ml of enoxaparin 
in the infusion [ 61 ]. This approach may be useful 
in combined procedures in diabetic patients.  

8.2.3     5-Fluorouracil in Irrigation 
Solution 

 5-Fluorouracil is an antimetabolite that has been 
used in vitrectomy irrigation infusion combined 
with low-molecular-weight heparin in an attempt 

  Fig. 8.3    IOL dislocation after phacovitrectomy surgery       
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to minimize proliferative retinopathy in retinal 
detachment surgery. Results from clinical trials 
would suggest that this treatment does not 
improve surgical outcomes [ 56 – 58 ].  

8.2.4     Steroids in Irrigation Infusion 

 In 1996, Williams and Chang reported using ste-
roids in irrigation solution during vitrectomy for 
PVR [ 62 ]. 

 In 2001, we started a prospective, randomized, 
masked pilot study to evaluate the effectiveness 
of 2 mg of dexamethasone in 500 ml of BSS irri-
gation solution during combined procedure 
phacovitrectomy. 

 On the fi rst postoperative day, eyes that received 
intravitreal dexamethasone showed less alteration 
of the blood-ocular barrier. By 1 week after sur-
gery, the fi ndings were the opposite: that is, treated 
eyes showed a higher fl are level than untreated 
eyes, and this remained unchanged 1 month later. 
This may be a rebound effect after administration 
of intravitreal steroids. Nevertheless, this differ-
ence was not statistically signifi cant at any time 
during the follow-up period. Intraocular pressure 
during follow-up was above 20 mmHg in 22 % of 
treated eyes, compared to 5.3 % of controls, a dif-
ference that was not signifi cant. High intraocular 
pressure was successfully reduced with temporary 
topical hypotensive treatment. 

 Another method for administering steroids 
during surgery is vitrectomy assisted by triam-
cinolone. This has the advantage facilitating 

visualization and complete removal of the vitre-
ous gel, with a reduction of anterior chamber 
infl ammation measured by laser fl are meter 8 
days after surgery [ 63 ].   

8.3     Treatment of Postoperative 
Infl ammation 

8.3.1     Mechanism of Action of 
Anti-infl ammatory Drugs 

 Anti-infl ammatory drugs act on the arachidonic acid 
pathway, as shown in Fig.  8.1 . NSAIDs inhibit 
cyclooxygenase (Fig.  8.4 ), in some cases specifi -
cally cyclooxygenase-2, which is the predominant 
form in retinal pigment epithelial cells [ 64 ]. Steroids 
inhibit phospholipase A-2, thus inhibiting the syn-
thesis of prostaglandins and leukotrienes. Steroids 
also have other effects: locally, they block the activ-
ity of macrophages and minimize the production of 
lymphokines and the migration of lymphocytes. 
Triamcinolone acetate has a benefi cial effect on 
macular edema by stabilizing the blood-retinal bar-
rier [ 63 ], reducing vascular leakage and reducing the 
 synthesis of vascular endothelial growth factor [ 65 ].

8.3.2        Topical and Systemic 
Nonsteroidal Anti- 
infl ammatory Drugs (NSAIDs) 

 NSAIDs inhibit cyclooxygenase and, thus, the 
synthesis of prostaglandins. Prostaglandins are 
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  Fig. 8.4    Mechanism of action 
of anti-infl ammatory drugs       
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produced in the ciliary body and the iris in 
response to surgery, causing myosis, pain, and 
infl ammation [ 66 ]. Several studies have shown 
that NSAIDs are successful in minimizing these 
effects and preventing cystoid macular edema 
and improving visual results in cataract surgery. 
Nevertheless, few studies have evaluated the use-
fulness of NSAIDs in vitreoretinal surgery. 

 NSAIDs can be used either topically or systemi-
cally. The following drugs can be used topically: 
ketorolac, diclofenac, nepafenac, and bromfenac. 

 They are useful in vitreoretinal surgery in a num-
ber of ways. First, they can be used to treat acute 
infl ammation as in cataract surgery. Bromfenac, 
nepafenac, and ketorolac can penetrate the vitreous 
cavity and reduce prostaglandin E2, which medi-
ates infl ammation. The most effective topical 
NSAID is ketorolac [ 67 ]. One clinical study has 
shown that ketorolac administered both before and 
after vitrectomy can minimize infl ammation [ 55 ]. 

 It has been used in treating pseudophakic 
macular edema and as a prophylaxis for infl am-
mation following cataract surgery [ 68 – 70 ]. 

 It has been found that combining NSAIDs 
with steroids has a synergistic effect that is quite 
benefi cial in the treatment of pseudophakic mac-
ular edema [ 71 ,  72 ]. 

 The most frequent secondary effects are alter-
ation of the ocular surface and foreign body sen-
sation, with punctate keratitis or epithelial defects 
occasionally appearing [ 73 ,  74 ]. There have also 
been reports of severe corneal melting [ 75 – 80 ], 
although we have found that toxic keratolysis 
would appear to be more frequent when NSAIDs 
are combined with steroids [ 81 ]. 

 Selective inhibitors of cyclooxygenase have 
been used intravenously in scleral buckling, but no 
signifi cant differences have been found in macular 
thickness or visual acuity compared to a placebo 
[ 32 ]. Intravenous ketorolac during vitrectomy 
minimizes postoperative pain and nausea [ 53 ,  54 ].  

8.3.3     Topical Steroids 

 Commercially available steroids for topical appli-
cation include medium-strength drugs like fl uoro-
metholone and hydrocortisone and  high- strength 

drugs like dexamethasone,  prednisolone, and 
rimexolone. Medium-strength steroids reach 
only low levels of concentration in the aqueous 
humor and are thus not very effective in treating 
intraocular infl ammation, although they are use-
ful in treating conjunctival and episcleral infl am-
mation, with a lower incidence of secondary high 
intraocular pressure [ 82 ,  83 ]. High-strength ste-
roids are used in isolation or in association with 
NSAIDs in treating surface and anterior cham-
ber infl ammation secondary to vitrectomy. They 
have also been used in prophylaxis and to treat 
postsurgical macular edema. 

 The secondary effects of topical steroids 
are more severe than with NSAIDs, as they not 
only cause corneal melting but can also predis-
pose to infection, slow down wound closure, 
induce cataract formation, and increase IOP [ 84 ]. 
Rimexolone has the lowest hypertensive effect.  

8.3.4     Periocular Steroids 

 After depot injection, corticosteroid action peaks at 
1 week, with residual activity persisting for 
3–6 months. Periocular injections reduce the risk of 
serious complications such as endophthalmitis and 
retinal detachment, but the duration of the effect is 
shorter than in the intravitreal pathway [ 33 ]. 

 These steroids have been used in both the pro-
phylaxis of pseudophakic macular edema and in 
treating the edema with good results, but they are 
less effective than intravitreal triamcinolone [ 15 ]. 

 This pathway has also been useful in the 
treatment of post-vitrectomy refractory macular 
edema [ 12 ].  

8.3.5     Intravitreal Steroids 

 The most frequently used intravitreal steroid is tri-
amcinolone, which has been benefi cial in cases of 
post-vitrectomy refractory macular edema and of 
pseudophakic macular edema. It can also be used 
intraoperatively to enable identifi cation of the pos-
terior hyaloids and the interior-limiting membrane. 

 The effect of intravitreal triamcinolone is of a 
limited duration, estimated at between 2 and 4 
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months in non-vitrectomized eyes and an even 
shorter duration in vitrectomized eyes [ 85 ]. 

 The complications of intravitreal triamcino-
lone therapy include secondary ocular hyperten-
sion in about 40 % of the eyes injected, medically 
uncontrollable high intraocular pressure leading 
to glaucoma surgery in about 1–2 % of eyes [ 86 ], 
posterior subcapsular cataracts and nuclear cata-
racts leading to cataract surgery in about 15–20 % 
in elderly patients within 1 year after injection 
[ 87 ], postoperative infectious endophthalmitis 
with a rate of about 1:1,000 [ 88 ,  89 ], noninfec-
tious endophthalmitis [ 90 ] that may be due to a 
reaction to the solvent agent, and pseudoendo-
phthalmitis with triamcinolone acetonide crystals 
appearing in the anterior chamber [ 91 ], in addi-
tion to possible complications arising from the 
injection technique.  

8.3.6     Steroid Sustained-Release 
Devices 

 As the effect of intravitreal triamcinolone is tem-
porary and its duration in vitrectomized eyes is 
low, devices to release steroids in a sustained 
manner have been developed. 

 Permanent or biodegradable devices for ste-
roid delivery to the vitreous are becoming more 
commonly used (i.e., Retisert, Bausch & Lomb 
Pharmaceuticals, Tampa, FL; Ozurdex and 
Posurdex, Allergan, Inc., Irvine, CA). These 
implants show promise in both the prophylaxis 
and treatment of pseudophakic cystoid macular 
edema [ 92 ]. Ozurdex is effective in treating 
refractory diabetic macular edema in vitrecto-
mized eyes, uveitis cases, or Irvine-Gass syn-
drome [ 16 – 18 ].  

8.3.7     Systemic Steroids 

 Oral steroids were previously used following 
scleral buckling, but comparative studies have 
shown no benefi cial effects in terms of visual 
acuity, macular edema, choroidal detachment, 
or proliferative retinopathy compared to pla-
cebo [ 93 ]. 

 Systemic steroids are used in only selected 
cases. Evidence exists that oral prednisolone (at a 
dosage of 1 mg per Kg per day) in cases of retinal 
detachment complicated by choroidal detach-
ment increases the rate of retinal reattachment 
following vitrectomy [ 94 ]. They are also used in 
cases of severe intraocular infl ammation such as 
endophthalmitis or uveitis.      
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9.1            Introduction 

9.1.1        Defi nition 

 The term intermediate uveitis (IU) was  introduced 
by the International Uveitis Study Group (IUSG) 
to defi ne an idiopathic infl ammatory syndrome, 
mainly involving the anterior vitreous, the periph-
eral retina, and the ciliary body to replace previ-
ously used terms such as posterior cyclitis, hyalitis, 
vitritis, and basal uveoretinitis [ 8 ]. The term inter-
mediate uveitis was also suggested to replace that 
of pars planitis. However, both terms continue to 
be used adding to the confusion in the literature. 

mailto:miserocchi.elisabetta@hsr.it
mailto:debenedetto.umberto@hsr.it
mailto:modorati.giulio@hsr.it


136

 The term intermediate uveitis was used 
 synonymously with pars planitis by IUSG, and 
thus most of the intermediate uveitis was assumed 
to be idiopathic in etiology. The Standardization 
of Uveitis Nomenclature (SUN) Working Group 
defi ned IU as that subset of uveitis where vitreous 
is the major site of infl ammation, irrespective of the 
presence of peripheral vascular sheathing or macu-
lar edema [ 44 ]. The diagnostic term  pars planitis  
should be used only for that subset of intermediate 
uveitis where there is snowbank or snowball for-
mation occurring in the absence of an associated 
infection or systemic disease (i.e., “idiopathic”). If 
there is an associated infection (e.g., Lyme disease) 
or systemic disease (e.g., sarcoidosis), then the 
term intermediate uveitis should be used.  

9.1.2     Epidemiology 

 The etiology of intermediate uveitis is not well 
known and is mostly believed to be autoimmune, 
although it may be associated with systemic dis-
eases such as sarcoidosis, multiple sclerosis, and 
several infectious conditions. The etiology may 
vary in different parts of the world as it could be 
infl uenced by the geographic location and ethnic-
ity [ 12 ,  14 ,  34 ,  41 ,  70 ]. 

 Intermediate uveitis is the least common form 
of uveitis affecting about 8–22 % of patients with 
uveitis, and most of the cases are idiopathic [ 12 , 
 14 ,  34 ,  41 ,  70 ]. 

 There is limited data on the incidence of inter-
mediate uveitis. In the Northern California 
Epidemiology Study, the reported rate of interme-
diate uveitis was of 1.5 per 100,000 population 
years [ 34 ]. Pars planitis is much more common 
among Caucasians and is very rare in other races. 
Pars planitis usually presents in childhood or 
young adulthood and rarely presents after 40 years 
of age. In fact, some authors [ 35 ,  66 ] have insisted 
on an age of onset below 40 years for inclusion. 

 In the population-based study by Donaldson, 
the authors used the resources of the Rochester 
Epidemiology Project database over a period of 
20 years (from 1985 to 2004) [ 21 ]. The annual 
incidence of pars planitis adjusted to the age and 
gender distribution in this study was 2.08 per 
100,000 population. This is slightly higher than 

that of Northern California of 1.5 per 100,000 
[ 34 ], which may be the result of the higher pro-
portion of Caucasians in Minnesota. 

 A relationship between smoking and pars pla-
nitis was observed in Donaldson’s study, with 
52 % of patients with pars planitis being smokers. 
This was the fi rst study that linked pars planitis 
with an increased rate of smoking. More recently, 
Lin and colleagues have confi rmed the strong cor-
relation between smoking and cystoid macular 
edema in patients with intermediate uveitis com-
pared to patients with other anatomic location of 
uveitis [ 62 ].  

9.1.3     Clinical Features 

 There is a wide variation in clinical presentation 
of intermediate uveitis. At one end of the spec-
trum, there are patients totally asymptomatic that 
present for other reasons and are noted to have 
vitreous cells and old snowbanks; at the other end 
of the spectrum, there are patients with severe, 
progressive infl ammatory disease resulting in 
severe vision loss because of macular edema or 
retinal complications [ 109 ]. 

 Hence, patients with IU may be completely 
asymptomatic or present with minimal symptoms 
such as fl oaters, blurred vision, and photopsia with-
out pain. In more severe cases, the visual acuity 
may be signifi cantly reduced due to intense vitreitis 
or to vitreous hemorrhage or retinal complications 
[ 109 ]. In Donaldson’s study, the most common 
presenting symptoms of pars planitis were blurred 
vision (73.9 %) and fl oaters (60.9 %) [ 21 ]. 

 The anterior chamber is usually quiet or 
may have discrete signs of inflammation in the 
form of sparse keratic precipitates, low-grade 
flare, and cells. Posterior synechia are rarely 
seen. Vitreitis is the most characteristic fea-
ture of intermediate uveitis, ranging from 1+ 
to 4+ vitreous haze. The typical yellow-white 
inflammatory aggregates, snowballs, and the 
exudates of the pars plana, snowbanks, are 
mostly found in the inferior periphery of the 
retina and in the midvitreous. In 10–32 % of 
cases, signs of peripheral retinal vasculitis and 
periphlebitis are seen in intermediate uveitis 
[ 5 ,  21 ].  
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9.1.4     Complications 

 Most patients with intermediate uveitis develop 
few ocular complications and maintain good 
vision, thanks to the benign nature of this cause 
of uveitis. Deane and colleagues showed that 
63 % of patients followed for a period of 2 years 
maintained a visual acuity of 20/20 or better [ 15 ]. 
However, severe complications can occur if 
chronic, indolent infl ammation is allowed to per-
sist. It rarely may also lead to blindness. 

 The incidence of secondary glaucoma and 
cataract has been reported to be approximately 8 
and 50 %, respectively, in patients with interme-
diate uveitis [ 5 ]. 

 Macular edema and maculopathy are the most 
common causes of visual loss in intermediate 
uveitis, occurring in 12–50 % of patients, and this 
incidence seems to increase with severity and 
duration of infl ammation [ 66 ]. 

 In the Rochester Epidemiology study on the 
outcome of pars planitis, the most common com-
plications were epiretinal membrane (36 %), cata-
ract (30.4 %), and cystoid macular edema (26.1 %) 
[ 21 ]. The mean interval between onset of pars 
planitis and development of epiretinal membrane 
varied between 7.9 years [ 21 ] and 6.5 years [ 18 ]. 

 Retinal vasculitis may induce the formation of 
epiretinal membranes, cyclitic membranes, and 
neovascularization in 15–36 % of patients. Vitreous 
hemorrhage resulting from vitreoretinal traction 
and peripheral neovascularization is an uncommon 
complication occurring in 3–5 % of cases in coun-
tries with a well-developed health system. Retinal 
detachment may be exudative (in 5–17 % of 
patients) or tractional (in 3–22 % of patients) sec-
ondary to vitreoretinal traction. These membranes 
can progress to cause retinal breaks [ 109 ]. 

 Optic nerve involvement is common in 
patients with intermediate uveitis associated to 
multiple sclerosis and is more commonly 
observed in children manifesting as hyperemia 
and disk edema [ 66 ].  

9.1.5     Differential Diagnosis 

 The differential diagnosis of intermediate uveitis 
includes both infectious causes and  autoimmune 

causes of vitreous infl ammation. The most 
 commonly associated systemic diseases are mul-
tiple sclerosis (MS), sarcoidosis, and intraocular 
lymphoma [ 109 ]. 

 Among the infectious causes mimicking 
intermediate uveitis, the most common entities 
identifi ed are syphilis, Lyme disease, tuberculo-
sis, toxocariasis, Whipple’s disease, human 
T-cell leukemia virus type 1 (HTLV-1), Epstein-
Barr virus, and cat scratch disease. The probabil-
ity of a given diagnosis depends on the prevalence 
of disease in a given region. Tuberculosis, for 
example, is an important cause of IU in India 
where the disease accounts for approximately 
46.7 % of cases [ 86 ].  

9.1.6     Intermediate Uveitis 
and Multiple Sclerosis 

 Several studies show a strong association between 
multiple sclerosis and pars planitis. The associa-
tion between the two has been reported to have a 
signifi cant female preponderance. It is found 
most commonly in young adult or middle-aged 
Caucasians. Recent large studies have found the 
prevalence of uveitis in patients with MS to be 
1.1–2.4 % and the prevalence of MS in patients 
with uveitis to be 1–1.3 % [ 69 ]. This is ten times 
the predicted prevalence of uveitis for the general 
population. In a study by Donaldson, the inci-
dence of MS in pars planitis was 2.077 per 
100,000 person, and this value was much higher 
than the incidence of multiple sclerosis in the 
Olmsted County population during the same 
period, which had been measured to be 7.5 per 
100,000 persons [ 21 ]. 

 There appears to be no temporal association 
between the development of uveitis and MS. The 
diagnosis of MS may occur before, concurrently, 
or after the diagnosis of uveitis. 

 If one looks specifi cally at intermediate uve-
itis, the prevalence fi gures are much higher as 
one could expect. Between 3 and 27 % of patients 
with MS develop intermediate uveitis, and 7.8–
14.8 % of patients with intermediate uveitis 
develop MS [ 66 ]. IU in patients with associated 
MS typically presents with bilateral snowbank 
and retinal periphlebitis.  
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9.1.7     Intermediate Uveitis 
in Children 

 IU occurs in up to 42 % of the pediatric uveitis 
population and is the second most common form 
of uveitis in childhood. The course of IU in chil-
dren can be worsened by many sight-threatening 
complications [ 102 ]. However, while the inci-
dence is high, most children and young adults 
with IU will maintain good visual acuity in the 
absence of ongoing therapy; their disease often 
resolves spontaneously. However, while the visual 
outcome in most children is favorable, one-fi fth of 
patients (19 %) develop unilateral legal blindness 
[ 102 ]. In a study of 35 patients with IU, younger 
age at onset of IU was associated with a worse 
visual outcome during a 3-year follow-up [ 49 ]. In 
the present study, children with earlier onset of IU 
were found at increased risk of vitreous hemor-
rhage, secondary glaucoma, and cataract surgery; 
the presence of papillitis and snowbanking, at the 
onset of IU, was associated with a later develop-
ment of cystoid macular edema [ 49 ]. 

 In a large Italian series of 116 children with 
uveitis, IU was more frequently bilateral (84 %) 
and idiopathic in nature (97 %). The most com-
mon ocular complications were macular edema 
(74 %) and cataract (25.9 %). The prevalence of 
MS in children is low, ranging between 3 and 
5 %, with an onset before 10 years of age consid-
ered exceptionally rare [ 88 ].   

9.2     Treatment 

 The most commonly proposed approach to treat 
intermediate uveitis consists in a stepwise approach 
based on disease severity. Very mild cases with 
normal visual acuity and no vision- threatening 
complications such as macular edema may require 
no treatment. In a large study on the 20-year out-
come of pars planitis, one-third of patients main-
tained normal visual acuity without requiring 
treatment [ 21 ] (EBM 2++ B). This is an important 
message considering the side effects of systemic 
treatment, including corticosteroid- induced cata-
ract, glaucoma, and the potentially life-threatening 
complications of systemic corticosteroids. 

9.2.1     Indication for Treatment 

 The decision to treat a patient with intermediate 
uveitis depends on the presence of several factors 
such as active infl ammation, active retinal vascu-
litis, the presence of macular edema and the extent 
or degree of pars plana infl ammatory exudation, 
the laterality of the disease, the age of patient, 
systemic-associated diseases, and comorbidities. 

 The current consensus suggests that treatment 
should be started when there is a reduction in 
visual acuity [ 84 ], although some authors [ 109 ] 
do not subscribe to this view and treat patients 
regardless of the vision. 

 Some authors have suggested a visual acuity 
of 20/40 as a threshold for treatment [ 84 ], 
although others [ 109 ] do not wait based on the 
premise that treating infl ammation early and 
aggressively is more effective in preserving 
vision. In 20 % of patients with IU, who are 
treated when visual loss already has occurred, 
there is no restoration to a normal vision [ 109 ]. 
Before starting with anti-infl ammatory treatment, 
infectious causes and malignancies need to be 
excluded and treated with specifi c therapies. 

 The treatment regimen proposed by Kaplan 
consists in a four step starting with a series of 
periocular corticosteroid injections, followed by 
oral prednisone for patients with recurrent and 
aggressive disease and followed by vitrectomy or 
immunosuppressive therapy [ 50 ]. 

 Foster has suggested a modifi cation 
(Table  9.1 ) and uses a fi ve-step program as fol-
lows: (1) topical corticosteroids in the presence 
of anterior segment infl ammation, together 
with regional corticosteroid injections (triam-
cinolone acetonide, 40 mg; no more than 6 
injections); (2) oral nonsteroidal anti-infl am-
matory drugs (NSAIDs), if the infl ammation 
recurs following the third injection, and topi-
cal NSAIDs in the presence of macular edema; 
(3) a short course of systemic corticosteroids 
should infl ammation persist or recur despite the 
previous interventions; (4) peripheral retinal 
cryopexy or indirect laser photocoagulation of 
the inferior pars plana should the pars planitis 
recur following the sixth periocular corticoste-
roid injection; and (5) therapeutic pars plana 
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vitrectomy or systemic immunosuppressive 
treatment when the infl ammation is recalcitrant 
to previous therapeutic strategies [ 109 ].

9.3         Local Treatment 

9.3.1     Corticosteroids 

 Corticosteroids are still the gold standard of treat-
ment for patients with intermediate uveitis. 
Although topical corticosteroids may be partially 
effective in aphakic eyes with moderate degree of 
infl ammation of the pars plana and vitreous, gen-
erally peribulbar, systemic, or intravitreal corti-
costeroids are required.  

9.3.2     Periocular Corticosteroids 

 Periocular injections are an effective alternative 
in the treatment of intermediate uveitis because 
they have the advantage of delivering a large 
amount of corticosteroid to the posterior seg-
ment of the eye via trans-scleral absorption min-
imizing the risk of systemic corticosteroid side 
effects. 

 There    are essentially three types of commer-
cially available preparations of injectable 
corticosteroids:
•    The water-soluble short-acting dexamethasone  
•   The aqueous suspension of triamcinolone ace-

tonide (TA)  
•   The long-acting depot of methylprednisolone    

 The short-acting dexamethasone needs 
repeated injections, while the duration of action 
of the depot preparation of methylprednisolone is 
much longer. 

 Thus, a triamcinolone suspension is a better 
therapeutic choice in many clinical situations. 

 Different routes of periocular corticosteroid 
administration have been described based on the 
type and severity of uveitis. 

 In particular, two methods for periocular cor-
ticosteroid injections have been described:
    1.    The Smith and Nozik method (posterior sub- 

Tenon injection), the most common employed 
method, consists in the injection of triamcino-
lone acetonide in the posterior sub-Tenon 
space in the superotemporal quadrant. This 
method has recently been modifi ed with the 
development of a cannula method, by which 
the corticosteroid is placed closer to the mac-
ula with a soft polytetrafl uoroethylene can-
nula which reduces the chance of globe 
perforation during the procedure [ 95 ].   

   2.    The orbital fl oor injection method [ 107 ].     
 Venkatesh et al. have compared three different 

methods of periocular injections. Patients were 
randomized into three treatment groups of ten 
eyes each. Each group received PST injection of 
triamcinolone acetonide 0.5 ml (20 mg) by one of 
three methods: cannula method (group 1), Smith 
and Nozik method (group 2), or orbital fl oor 
injection method (group 3). In this prospective 
randomized comparative trial, no differences in 
visual acuity or retinal thickness were detected at 
12 months of follow-up. However, orbital fl oor 

   Table 9.1    Step-ladder approach by Foster for intermediate uveitis   

 Step-ladder approach  Treatment  Indication 

 Step 1  Topical corticosteroids  Active anterior uveitis 
 Regional periocular corticosteroid injections  Active intermediate-posterior uveitis and 

macular edema 
 Step 2  Oral NSAIDs + topical NSAIDs  Recurrence of infl ammation after the 3rd 

injection, macular edema 
 Step 3  Short-course systemic corticosteroids  Recurrence-persistence of infl ammation 

despite steps 1–2 
 Step 4  Cryopexy or laser photocoagulation  Recurrence of infl ammation despite 6th 

periocular injection 
 Step 5  Pars plana vitrectomy or systemic 

immunosuppression 
 Infl ammation recalcitrant to previous steps 
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injections were associated with a slightly slower 
onset of action (EBM: 2+D) [ 107 ]. The authors 
did not report any serious complications such as 
globe perforation. Inadvertent globe perforation 
with the Smith and Nozik method has been previ-
ously described. 

 Posterior sub-Tenon corticosteroid injection 
has been proven effective for infl ammation of the 
posterior segment in another retrospective study, 
of 58 eyes with intermediate uveitis; 80 % of the 
treated eyes showed an improvement of at least 2 
Snellen lines, and 20 % of the eyes had an 
improvement of more than 5 Snellen lines at 
long-term follow-up (EBM: 2−D) [ 59 ]. 

 Complications with posterior sub-Tenon cor-
ticosteroid injections such as high intraocular 
pressure were reported in 30–36 % of patients. In 
9 % of cases, topical antiglaucoma treatment and 
glaucoma-fi ltering surgery were required (EBM: 
2−D) [ 40 ,  59 ]. 

 Leder and colleagues evaluated the effi cacy of 
a single periocular TA injection, in a series of 156 
eyes. In 53 % of cases, cystoid macular edema 
resolved after 1 month of follow-up. However, 
15 % of patients were refractory to treatment and 
had persistent edema, while 53 % of cases had 
recurrent macular edema despite multiple injec-
tions [ 61 ] (EBM: 2−D). 

 A recent non-randomized comparative study 
(EBM: 2−D) [ 25 ] compared the effectiveness of 
posterior sub-Tenon versus orbital fl oor injec-
tions for intermediate uveitis. No signifi cant dif-
ferences in control of macular edema and vitritis 
were found between the two techniques.  

9.3.3     Intraocular Vitreal Injections 
of Triamcinolone Acetonide 
(IVTA) 

 Triamcinolone acetonide is a commercially avail-
able corticosteroid that is inexpensive and has 
been for several decades via periocular injections 
to treat uveitic macular edema. More recently, TA 
has been administered by intravitreal injection, 
allowing for maximal bioavailability in the vitre-
ous cavity. As TA is only slightly soluble in water 
[ 97 ], a 4-mg dose provides therapeutic levels in 

the vitreous for up to 3 months [ 71 ] compared 
with dexamethasone sodium phosphate which 
clears from the vitreous in about 3 days [ 58 ]. 

 In a retrospective review on 16 patients (20 
eyes), Androudi and colleagues reported a sig-
nifi cant improvement in visual acuity by 1 month 
persisting to the end of follow-up of 34 weeks 
(EBM: 3D) [ 4 ]. 

 Similar results were reported by Hogewind 
et al. who observed an improvement in visual 
acuity at 1- and 3-month follow-up, but this 
improvement was absent at 12-month postinjec-
tion (EBM: 3D) [ 43 ]. 

 In a recent large review, these results were 
confi rmed and it was reported that the maximum 
duration of the TA effect (4 mg in 0.1 ml) was 
4–5 months and the maximum effect on visual 
acuity of a single injection was found between 1 
and 6 months after injection [ 106 ]. Hence, in 
chronic ocular infl ammatory disease, 57 % of the 
eyes required repeated injections. In another 
series, cystoid macular edema was still present in 
50 % of cases at the end of follow-up (EBM: 3D) 
[ 4 ]. And in the remaining patients, despite reso-
lution of edema, there was only a slight improve-
ment in visual acuity. 

 Cataract progression was noted in 20 % of the 
eyes, one patient had retinal detachment, and 
another necessitated fi ltering surgery for uncon-
trolled high intraocular pressure [ 106 ]. 

 Galor, in a retrospective review, evaluated the 
rate of adverse events after IVTA injections com-
paring patients with and without uveitis. The IOP 
increase ranged from 9.3 to 16 % for non-uveitic 
eyes and from 17 to 83 % for the uveitic eyes 
(EBM: 3D) [ 28 ]. 

 Other rare reported adverse events related 
to IVTA are bacterial, sterile, and pseudo- 
endophthalmitis (1.1 %) [ 106 ]. 

 In conclusion, in cases of decreased visual 
acuity in patients affected by uveitic cystoid mac-
ular edema (CME) refractory to topical and/or 
systemic treatment, IVTA may be considered. 
However, the duration of the effects is limited, 
and fi nal visual outcome is unpredictable (EBM: 
3D) [ 4 ]. One should also mention that while 
many studies suggest a positive effect of IVTA on 
visual acuity and macular edema, this treatment 
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remains an off-label use of the drug and a ran-
domized controlled trial is lacking to confi rm 
these fi ndings.  

9.3.4     Intraocular Implant Device: 
Fluocinolone 

 A fl uocinolone acetonide (FA) intravitreal 
implant (Retisert®) was the fi rst FDA-approved 
implantable device for the treatment of severe, 
noninfectious, posterior uveitis [ 63 ]. This device 
is surgically placed in the vitreous cavity at the 
pars plana. The implant, which contains 0.59 mg 
of fl uocinolone acetonide, slowly releases cor-
ticosteroid over the course of 30 months [ 10 ]. 
When infl ammation recurs around the 30-month 
time point, a supplemental FA implant can be 
placed adjacent to the original implant in the pars 
plana [ 45 ]. This tandem placement avoids the 
need to remove the original implant which has 
an increased risk of vitreoretinal complications. 

 Several studies have reported on the benefi ts of 
the implant in the management of patients with 
noninfectious posterior uveitis [ 10 ,  46 ,  63 ]. The 
rate of recurrence was reported with the implant. 
Recurrence rates of infl ammation changed from 
62 % before implant to 4, 10, and 20 %, respec-
tively, at 1, 2, and 3 years of follow-up [ 10 ,  46 ]. 
However, from the results of this study, it is impos-
sible to extrapolate data only on intermediate uve-
itis. Similar results were reported by Pavesio et al. 
in a multicenter randomized controlled study 
(EBM: 1+B) [ 90 ], which demonstrated that the 
recurrences of uveitis after implantation were sig-
nifi cantly reduced compared to the year before 
implantation and were statistically signifi cantly 
lower in the implant study eye versus the study eye 
of patients treated with oral corticosteroids. In 
addition, the rate of CME reduction was statisti-
cally higher in the implanted eyes compared to the 
eyes treated with oral corticosteroid. However, at 
the end of follow- up, the two groups were compa-
rable with regard to fi nal visual acuity. 

 FA implants have marked effect on cataract 
formation; in a long-term clinical study within 
3 years of implantation, 100 % of patients 
required cataract extraction (EBM: 1++A) [ 46 ]. 

 High intraocular pressure is one of the major 
complications observed with FA implants: 51.1 
and 78 % of patients required topical antiglau-
coma treatment at 34-week and 3-year follow-up. 
Moreover, about 40 % of patients that received 
the implant required glaucoma-fi ltering surgery 
within 3 years following implantation due to 
uncontrolled increases in IOP (EBM: 1++A) [ 32 ].  

9.3.5     Intraocular Implants Device: 
Dexamethasone 

 The anti-infl ammatory potency of dexametha-
sone is fi ve times higher than triamcinolone ace-
tonide. Being hydrophilic, its solubility in 
vitreous is greater allowing for higher concentra-
tions. Higher solubility also implies higher clear-
ance rates, and hence its half-life is only 3–6 h 
[ 24 ]. These limitations have been solved by the 
use of a biodegradable delivery system contain-
ing 0.7 mg of dexamethasone which can be 
injected into the eye through a 22-gauge single- 
use applicator. It is injected through the pars 
plana similar to other intravitreal injections [ 57 ]. 

 A recent randomized clinical trial has focused 
on the use and safety of the dexamethasone 
implant as monotherapy for the treatment of 
noninfectious intermediate and posterior uveitis. 
Lowder et al. evaluated the effi cacy of 0.35-mg or 
0.7-mg dexamethasone intravitreal implant ver-
sus sham (1:1:1 randomization) in patients with 
noninfectious intermediate or posterior uveitis 
(EBM: 1+B) [ 64 ]. A total of 229 patients (81 % 
of patients in the study had intermediate uveitis) 
were observed for 26 weeks. 

 The dexamethasone implant was effective in 
reducing vitreous haze and resulted in visual acu-
ity improvement in treated eyes compared to the 
sham starting at week 3 with the difference per-
sisting through the 26-week study period. The 
dexamethasone implant was well tolerated and 
had a favorable safety profi le. Less than 10 % of 
the eyes had an IOP of 25 mmHg or greater. 
Throughout the duration of the study, 23 % of the 
eyes in the 0.7-mg dexamethasone implant group 
required IOP-lowering medications and no eyes 
required surgical or laser therapy for elevated IOP. 
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Cataract formation was reported as an adverse 
event in 15 % of the eyes in the 0.7-mg dexameth-
asone implant group, 12 % of the eyes in the 0.35-
mg dexamethasone implant group, and 7 % in the 
sham group. These differences were not statisti-
cally signifi cant. There were no systemic side 
effects noted in the DEX implant groups.  

9.3.6     Comparison Between 
the Different Implants 

 There are currently no randomized controlled trials 
to compare the devices. Moreover, existing studies 
have different follow-up periods and inclusion cri-
teria making it diffi cult to draw conclusions given 
the different half-lives, pharmacokinetic proper-
ties, and duration of the two corticosteroid implants. 

 In terms of visual acuity, 21 % of patients 
treated with the FA implant had improvement of 
15 letters or more at 34 weeks, while 38 % of the 
eyes with the dexamethasone implant obtained 
15-letter improvement at 26 weeks. Based on 
available data, the FA implant may lead to addi-
tional eye surgery for the management of cataract 
and/or glaucoma within a 30-month period. 
Fewer patients treated with the dexamethasone 
implant required additional ocular surgery for the 
management of adverse effects, but follow-up 
was limited to 6 months (EBM: 1++A) [ 32 ,  99 ]. 

 The biodegradable nature of the dexametha-
sone implant may be an important advantage in 
comparison to other corticosteroid implants. 
Repeated injections do not leave a nonbiodegrad-
able shell in the vitreous cavity which might 
require removal at a later time. As compared to a 
soluble formulation, its half-life remains stable 
whether a vitrectomy has been performed or not.  

9.3.7     The Multicenter Uveitis 
Steroid Treatment 
(MUST) Trial  

 Recently, the results of a randomized controlled 
parallel superiority clinical trial comparing the 
relative effectiveness of systemic corticosteroids 
plus immunosuppression versus fl uocinolone 

acetonide implant for noninfectious uveitis were 
published. This    study compared two groups of 
patients as regards visual outcome, control of 
infl ammation, incidence of local and systemic 
complications, and quality of life. Bilateral 
implants were allowed if required. 

 The authors reported no differences in fi nal 
visual acuity and visual fi eld sensitivity between 
the systemic corticosteroid and FA implanted 
groups (180 eyes with intermediate uveitis) in a 
total of 255 patients. 

 Among the complications reported, nearly all 
phakic eyes receiving an implant required cata-
ract surgery and about 25 % of implanted eyes 
underwent glaucoma surgery in the 24 months of 
follow-up. The risk of retinal detachment or 
endophthalmitis was low or zero in both groups. 
Systemic therapy was responsible for a few sys-
temic complications and a slightly increased 
number of clinic visits. Little differences were 
found in the incidence of elevated blood pressure 
and infections requiring treatment. No statisti-
cally signifi cant differences were reported 
regarding body weight and diabetes. They con-
cluded that the choice of treatment in a specifi c 
patient should be guided by the relative impor-
tance of cost/benefi t profi le of the treatment alter-
natives for a particular patient and his clinical 
condition (EBM: 1++A) [ 52 ]. 

 Core Message 

•     Periocular injections of corticosteroids 
are an effective therapy in patients with 
IU in particular those with unilateral or 
asymmetric disease.  

•   IVTA is effective in reducing CME and 
in improving visual acuity in patients 
with IU. However, the effectiveness is 
limited in time, and the treatment is an 
off-label.  

•   Corticosteroid intraocular implants are 
superior to direct drug injections as they 
release medication over a longer period 
of time, even in vitrectomized eyes.  

•   Fluocinolone acetonide intraocular device 
(Retisert®) is effective in  improving 
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9.4        Systemic Treatment 

9.4.1     Systemic Corticosteroids 

 Oral prednisone is started at the dose of 1 mg/kg 
daily. Tapering should be started 2 weeks after 
the start of treatment and guided by the clinical 
response (improvement of visual acuity, reduc-
tion of active infl ammation). Treatment with cor-
ticosteroids at a dose above 5 mg/kg is rarely 
extended beyond 3 months. In case of persistent 
infl ammation, corticosteroid-sparing agents 
should be considered. When macular edema is 
present, periocular corticosteroid injections or 
acetazolamide 250 mg bid can be used as adjunc-
tive treatment [ 109 ]. 

9.4.2       Cyclosporine 

 Cyclosporine is a potent immunosuppressive agent 
that selectively inhibits the activation of T cells. 
The most common side effects associated with the 
use of cyclosporine are nephrotoxicity and hyper-
tension. Renal toxicity occurs more commonly 
at dosages greater than 5 mg/kg of body weight 
per day and with increasing age. Daily dosages 
of cyclosporine between 2.5 and 5.0 mg/kg alone 
or in combination with corticosteroids appear to 
reduce this risk of nephrotoxicity [ 109 ]. Several 
studies have shown the effi cacy of cyclosporine in 
the treatment of various forms of vision-threaten-
ing intermediate uveitis [ 83 ]. The largest retrospec-
tive study to date was conducted by the Systemic 
Immunosuppressive Therapy for Eye Diseases 
Cohort Study Research Group [ 53 ], where the 
authors of four tertiary ocular infl ammation clin-
ics in the United States observed 373 patients that 
used cyclosporine as a single immunosuppressive 
agent between 1979 and 2007 [ 48 ] (EBM 2++; B). 
In this study, 99 patients were affected by interme-
diate uveitis. In this study, the demographic char-
acteristics of the IU patients were as follows: 60 % 
female, 11 % aged less than 18 years of age, and 
57 % between 18 and 39 years of age, mainly with 
bilateral intermediate uveitis (88 % of patients). 
Complete control of infl ammation with no activity 
of uveitis was achieved by 39.3 % of patients at 
6 months of follow-up and in 51.8 % at 12 months. 
Control of infl ammation with prednisone less than 
5 mg was achieved by 19 % of patients at 6 months. 
After 1 year of follow-up, these corticosteroid- 
sparing values raised to 38 % with prednisone 
≤10 mg/day and 32 % with prednisone ≤5 mg/day. 
Only 3.7 % of patients at 6 months and 9.2 % at 
1 year achieved control of infl ammation without 
the need of systemic corticosteroids. 

 Cyclosporine doses of 151–250 mg/day 
were associated with an increased likelihood 
of control of infl ammation (adjusted relative 
risk (RR) = 1.89, CI 1.15–3.09) with respect 
to 150 mg/day or less, but the likelihood of 
corticosteroid- sparing success was similar across 
all dosage groups. Doses higher than 250 mg/
day were not associated with further therapeutic 
advantage. 

intraocular infl ammation and visual 
acuity, but it is associated with a high 
incidence of cataract and IOP increase 
over the 3 years of drug release.  

•   The dexamethasone intraocular implant 
(Ozurdex®) is a biodegradable device 
that is effective at suppressing intraocu-
lar infl ammation with a shorter duration 
of action than the fl uocinolone implant 
but which does not require surgical 
removal at the end of its life cycle.  

•   The MUST trial showed similar effi cacy 
between fl uocinolone acetonide implant 
and strict systemic treatment.    

 Core Message 

•     Based on current evidence, corticoste-
roids remain the gold standard of treat-
ment for intermediate uveitis.  

•   Exclusion of infections and masquerade 
syndromes before starting corticoste-
roids is mandatory.  

•   Systemic corticosteroids (prednisone 
1 mg/kg/day) are preferred in bilateral 
or severe cases for a period of 3 months.    
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 Renal toxicity and hypertension were the most 
frequently observed side effects leading to cessation 
of therapy, contributing to 4.3 and 3.2 % of drug 
discontinuations, respectively, by 1 year of therapy. 

 Patients older than 55 years of age were sev-
eral fold more likely to develop treatment- 
limiting side effects than patients aged 18–39, 
suggesting that cyclosporine may not be a good 
choice for many older patients and that such 
patients should be carefully monitored [ 48 ] 
(EBM 2++; B). 

 Studies regarding long-term risks of cyclospo-
rine therapy from comprehensive literature 
review suggest that cancer risk is not substan-
tially elevated with cyclosporine treatment for 
autoimmune diseases [ 54 ,  55 ] (2++ B). 

 In another study by Walton and coauthors eval-
uating the safety and effi cacy of cyclosporine in 
children with severe bilateral uveitis, seven 
patients were affected by intermediate uveitis. All 
children were younger than 18 years of age, and 
the mean total duration of cyclosporine treatment 
was 45 months. Side effects observed in these chil-
dren were transient increases in serum creatinine 
of more than 30 % of baseline value (5 patients), 
hypertension [ 1 ], gingival hyperplasia [ 2 ], hirsut-
ism [ 2 ], and nausea [ 1 ,  110 ] (EBM 3, D). 

 The results of Walton’s study suggest that cyclo-
sporine is a safe and effective agent in the treatment 
of severe bilateral intermediate uveitis in children 
who do not respond to systemic corticosteroids or 
cytotoxic agents or both. However, children treated 
with cyclosporine should be treated in cooperation 
with a pediatric rheumatologist because of differ-
ences in the pharmacokinetics of many drugs and 
immunosuppressives in children including a poten-
tial for many different drug interactions which 
could lead to toxicities [ 110 ] (EBM 3, D). Frequent 
monitoring of    blood cyclosporine levels, serum 
creatinine, creatinine clearance, hemoglobin, and 
blood  pressure may minimize the risk that adverse 
effects may occur. Increases in serum creatinine or 
decreases in creatinine clearance of more than 
30 % of baseline levels should prompt reductions 
in cyclosporine dosages. Using these guidelines, 
children with severe forms of intermediate uveitis 
can be treated safely while the risk of adverse 
effects is minimized [ 110 ] (EBM 3, D). 

 In a prospective, randomized, open-label study, 
Murphy and coworkers compared the effi cacy and 
tolerability of tacrolimus and cyclosporine in pos-
terior and intermediate uveitis. In    this study, eight 
patients with intermediate uveitis were treated 
with tacrolimus and six patients with cyclosporine 
and followed up for a median time of 7 months 
(range 4–18, tacrolimus group) and 4 months 
(range 3–13, cyclosporine group). The median 
maintenance drug dose was 4 mg [ 3 – 5 ] for tacroli-
mus and 250 mg (200–344) for cyclosporine [ 80 ] 
(EBM 2-, D). Overall, the effi cacy of tacrolimus 
and cyclosporine was comparable, with response 
rates of 67 and 68 % respectively. Tacrolimus and 
cyclosporine were similar with regard to effi cacy 
for posterior segment intraocular infl ammation, 
but the results suggested a more favorable safety 
profi le for tacrolimus therapy. These fi ndings are 
similar to those reported in the transplantation lit-
erature, in which tacrolimus has been shown to 
cause signifi cantly fewer toxic effects, particularly 
with regard to systemic hypertension and hyper-
lipidemia [ 80 ] (EBM 2-, D). 

 Core Message 

•     Dosing regimens of cyclosporine for 
intermediate uveitis should be between 
2.5 and 5 mg/kg/day.  

•   Based on current evidence from a large 
retrospective study (SITE), cyclospo-
rine is effective in controlling interme-
diate uveitis. Infl ammation is absent in 
39.3 % of patients at 6 months and in 
51.8 % at 12 months (EBM 2++; B).  

•   In only 9.2 % of patients treated with 
cyclosporine was the infl ammation con-
trolled without systemic corticosteroids 
at the end of 12 months.  

•   Cyclosporine is also a safe and effective 
agent in children with severe bilateral 
intermediate uveitis. However, careful 
monitoring and collaboration with a 
pediatric rheumatologist is warranted to 
reduce the risk of potential systemic 
side effects (EBM 3, D).    

E. Miserocchi et al.



145

9.4.3       Tacrolimus 

 Tacrolimus, also called FK506, is a macrolide 
widely used in organ transplantation. Although 
structurally different from cyclosporine, the 
mechanism of action of tacrolimus is similar in 
that it binds to an intracellular-binding protein 
(FK) which then associates with calcineurin, thus 
inhibiting the activation of T cells and production 
of cytokines. Tacrolimus is signifi cantly more 
potent than cyclosporine and is given at initial oral 
doses of 0.05–0.15 mg/kg/day in patients with 
uveitis. Despite the evidence of tacrolimus’ effi -
cacy as a rescue therapy for patients with cyclo-
sporine-refractive uveitis [ 100 ] (EBM 3 D), use 
in ocular infl ammation has been limited because 
early studies demonstrated signifi cant side effects, 
but target serum levels were double compared to 
those advocated today. In a recent retrospective 
study of 62 patients with noninfectious uveitis, 
Hogan et al. have evaluated the long-term effi cacy 
and tolerance of tacrolimus [ 42 ] (EBM 2- D). In 
this cohort, 16 patients (25.8 %) had intermedi-
ate uveitis. There was an 85 % probability of a 
successful prednisone taper to 10 mg daily after 
1 year of treatment; this corticosteroid- sparing 
success was achieved with a median tacrolimus 
trough level of 5.2 ng/ml and a median total daily 
tacrolimus dose of 3 mg. Tacrolimus in this series 
was discontinued due to intolerance at a rate of 
0.13/PY, predominantly due to non-cardiovascu-
lar adverse events [ 42 ] (EBM 2- D). 

9.4.4       Methotrexate 

 Methotrexate, an antimetabolite drug, has been 
the most commonly employed immunosuppres-
sive agent for ocular infl ammation for several 
decades. The principal mechanism of action is 
the reduction of cell proliferation, increasing the 
rate of T-cell apoptosis, increasing endogenous 
adenosine concentrations, and altering cytokine 
production and humoral responses. First intro-
duced as an antineoplastic agent, it was approved 
by the FDA for the treatment of rheumatoid 
arthritis in 1988. 

 In a recent retrospective cohort study [ 30 ] 
(EBM, 2+ C), 38 patients with intermediate uve-
itis managed at four tertiary ocular infl ammation 
clinics were observed. Patients initiating metho-
trexate as a sole (non-corticosteroid) immuno-
suppressive agent during observation constitute 
the study population reported. All patients were 
seen between 1979 and 2007. 

 The majority of patients with intermediate 
uveitis included in this study were Caucasians 
(76.3 %), female (73.7 %), with a median age 
of 32 years and with bilateral infl ammation 
(65.8 %). The highest dose of methotrexate given 
was 12.5 mg weekly or less in 60 % of patients; 
only 5.3 % of patients was taking doses greater 
than 22.5 mg/week. Among patients with active 
or slightly active infl ammation at the start of 
methotrexate therapy, complete control of infl am-
mation was achieved at 6 months in 47.4 % of 
patients and at 12 months for 74.9 %. Prednisone 
could be tapered to ≤10 mg/day in 41.3 % of 
patients at 6 months, and this success rate con-
tinued to improve with time and was achieved by 
68.8 % of patients at 12 months. Only 7.4 % of 
patients with intermediate uveitis at 6 months and 
15 % at 12 months were able to stop systemic cor-
ticosteroids completely. Prior use of other immu-
nosuppressive agents was not associated with 
signifi cantly different rates of treatment success. 
No difference in success rates was observed with 
alternative dosages of methotrexate or with the use 
of oral versus parenteral therapy. Regarding the 
tolerability of methotrexate, in this study, 16 % 
of patients discontinued the treatment because of 
side effects and 13 % because of ineffectiveness. 

 Core Messages 

•     Dosing regimen of tacrolimus for inter-
mediate uveitis should be between 0.05 
and 0.15 mg/kg/day.  

•   Tacrolimus has a similar mechanism of 
action as cyclosporine but is signifi -
cantly more potent than cyclosporine.  

•   A prospective-comparative study 
between tacrolimus and cyclosporine 
showed that overall the effi cacy of the 
two drugs in treating intermediate uve-
itis is similar, but tacrolimus had a supe-
rior adverse event profi le (EBM 2- D).    
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Overall, data from this large retrospective study 
suggest that methotrexate is likely to be well tol-
erated in patients with intermediate uveitis and 
adverse reactions are usually reversible and seem 
to be rare when careful monitoring of liver func-
tion test is appropriate [ 30 ] (EBM, 2+ C). 

 In another large retrospective cohort study of 
257 patients [ 27 ] (EBM 2++, C) comparing the 
relative effectiveness of antimetabolite drugs, 36 
patients included were affected by intermediate 
uveitis. Among patients with intermediate uve-
itis, 17 (19 %) were treated with methotrexate, 
3 (8 %) with azathioprine, and 16 (12 %) with 
 mycophenolate mofetil. Treatment success was 
evaluated by various doses of methotrexate: 70 % of 
treatment success occurred with a dosage between 
15 and 20 mg/week and 90 % of success with a 
dosage between 12.5 and 20 mg/week, suggesting 
that dosages less than 15 mg/week are less effec-
tive. By using incidence curves to evaluate the time 
to corticosteroid-sparing success, a signifi cant dif-
ference was seen between the mycophenolate and 
methotrexate groups ( p  = 0.002) but not between 
the mycophenolate and azathioprine groups. After 
6 months of treatment, corticosteroid-sparing 
success was achieved in more patients receiving 
mycophenolate (79 %) than in patients receiving 
azathioprine (58 %) or methotrexate (42 %). More 
patients discontinued therapy because of insuffi -
cient effect in the methotrexate group. The propor-
tion of patients able to discontinue prednisone after 
6 months of antimetabolite therapy was higher in 
the mycophenolate group (12 %) than in the aza-
thioprine (6 %) or methotrexate (6 %) groups, 
although this difference was not statistically sig-
nifi cant. The rate of side effects (gastrointestinal 
upset, hematologic abnormalities, liver dysfunc-
tion) and the rate of discontinuing therapy because 
of side effect in azathioprine-treated patients were 
higher than in the other groups. Data from this 
study suggests that mycophenolate mofetil was 
better at achieving a treatment success and did so 
more rapidly than azathioprine or methotrexate 
[ 27 ] (EBM 2++, C). 

 In a small retrospective case review of ten 
children with chronic uveitis (four patients with 
intermediate uveitis), low-dose methotrexate was 

shown to be effective and safe in controlling 
intraocular infl ammation for a mean of 
22.5 months [ 65 ] (EBM 3, D). 

 In a retrospective non-comparative study of 
160 patients [ 96 ] (EBM 2+ C), 18 patients with 
intermediate uveitis were included (11.3 %); the 
rate of control of infl ammation among this group 
of patients was 88.9 % ( p  = 0.23). A corticosteroid- 
sparing effect was achieved in 64 % of patients 
treated with an average maintenance dose of 
methotrexate of 12.3 mg weekly (range, 7.5–
40 mg weekly). In 18 % of patients, the drug was 
discontinued because of adverse events, mainly 
increased liver function tests, nausea, malaise, 
and leucopenia [ 96 ] (EBM 2+ C). 

 Core Message 

•     The dosing regimen of methotrexate for 
intermediate uveitis should be between 
7.5 mg and 20 mg/week. Treatment suc-
cess of 90 % is achieved with dosage 
between 12.5 and 20 mg/week, suggest-
ing that dosages less than 15 mg/week 
are less effective (EBM 2++ C).  

•   Based on current evidence from the 
largest retrospective study (SITE), 
methotrexate is likely to be well toler-
ated in patients with intermediate uve-
itis, and important long-term adverse 
effects are usually reversible and seem 
to be rare when monitoring is appropri-
ate (EBM 2+ C).  

•   In the SITE study, control of intraocular 
infl ammation in intermediate uveitis was 
47.4 % at 6 months and 74.9 % at 
12 months; no differences in success rate 
were observed with alternative dosages 
of methotrexate or with the use of oral 
versus parenteral therapy (EBM 2+ C).  

•   A comparative study between metho-
trexate, azathioprine, and mycopheno-
late mofetil showed that mycophenolate 
mofetil achieved treatment success more 
frequently and more rapidly than the 
other two antimetabolites (EBM 2++ C).    
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9.4.5       Azathioprine 

 Azathioprine is a purine nucleoside analog which 
acts as an antimetabolite by interfering with DNA 
and RNA synthesis. Similar to methotrexate, it 
has been widely used in different ocular infl am-
matory diseases including chronic anterior uve-
itis, retinal vasculitis, Behcet’s disease   , and 
sympathetic ophthalmia as a monotherapy or in 
combination with other immunosuppressive 
agents. Randomized clinical trials are lacking and 
limited to the use of azathioprine for Behcet’s dis-
ease [ 37 ,  113 ] and a small trial evaluating the effi -
cacy of this drug in anterior uveitis [ 68 ,  78 ,  81 ]. 

 In the SITE cohort study [ 89 ] (EBM, 2+ C) on 
the use of azathioprine in ocular infl ammatory 
 diseases, 18 patients with intermediate uveitis were 
included. The median age of patients was 44 years; 
the majority were female (67.3 %), Caucasian 
(88.9 %), and with bilateral infl ammation (72.2 %). 
Complete control of infl ammation was achieved in 
69 % of patients at 6 months and 89 % at 12 months, 
while minimal activity was observed in 87 and 
100 % of patients, respectively, at 6 and 12 months. 
Corticosteroid-sparing effect with less than 10 mg/
day of prednisone was reached by 47 % of patients 
after 6 months and 68 % after 1 year of treatment. 
Compared to those with other sites of ocular 
infl ammation, patients with intermediate uveitis 
were more likely to achieve both control of infl am-
mation and corticosteroid-tapering success. 
Intermediate uveitis patients were seven times 
more likely to successfully taper corticosteroid as 
compared to anterior uveitis for both the ≤10 mg 
and the ≤5 mg levels. Use of higher dosages of aza-
thioprine (125 mg or more per day) did increase the 
success rate. During a median follow-up of 230 
days, 24 % of patients discontinued the drug 
because of adverse events and 17 % due to ineffi -
cacy. The most common side effects were gastroin-
testinal upset (9 %), bone marrow suppression 
(5 %), elevated liver enzymes (4 %), and infections 
(2 %). The results of the present study indicate that 
azathioprine may be especially favorable in patients 
with intermediate uveitis, since this degree of 
response was not observed in the SITE study in 
patients treated with methotrexate [ 30 ]. 

 In another moderate-sized study of 257 patients 
(36 with intermediate uveitis on the use of aza-
thioprine), 8 % of patients had intermediate uve-
itis; the proportion of patients with treatment 
success after 6 months of azathioprine therapy 
(95 % CI, 42–82 %) was 58 % [ 27 ] (EBM 2++, C). 

9.4.6       Mycophenolate Mofetil 

 Mycophenolate mofetil is an antimetabolite that 
selectively inhibits the purine biosynthesis 
enzyme inosine monophosphate dehydrogenase, 
causing depletion of guanosine nucleotides that 
are essential for purine synthesis uses in the pro-
liferation of B and T lymphocytes. Several small- 
to medium-sized retrospective studies have 
evaluated the effi cacy of mycophenolate mofetil 
in ocular infl ammatory diseases suggesting that it 
is an effective corticosteroid-sparing agent and 
that its effectiveness is greater than methotrexate 
or azathioprine [ 27 ,  60 ] (EBM 2++, C). 

 In the SITE cohort study on mycophenolate 
mofetil in ocular infl ammatory diseases, 28 patients 

 Core Message 

•     Dosing regimen of azathioprine in inter-
mediate uveitis: 1–3 mg/kg/day. Use of 
higher dosages of azathioprine (125 mg or 
more per day) does not seem to increase 
the likelihood of a treatment success.  

•   Based on current evidence from the 
SITE study, control of infl ammation at 
6 months is 69 % and at 12 months is 
89 % (EBM, 2+ C).  

•   Patients with intermediate uveitis were 
more likely to achieve both control of 
infl ammation and corticosteroid-taper-
ing success compared to patients with 
other sites of ocular infl ammation.  

•   The results of the SITE study indicate 
that azathioprine may be especially 
favorable for patients with intermediate 
uveitis, since this pattern of response 
was not observed in the other SITE 
studies (EBM, 2+ C).    
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with intermediate uveitis were included [ 13 ] (EBM 
2+ C). The median age of patients was 44.3 years; 
57 % were female, 71 % were Caucasians, and 
67.9 % had bilateral intermediate uveitis. Control 
of infl ammation with no residual activity was 
achieved in 65 % of patients at 6 months and in 
76.7 % at 12 months. Corticosteroid-sparing effect 
with ≤10 mg of prednisone was achieved by 39 % 
at 6 months and 49.2 % at 12 months. Multiple 
regression analysis of time-to-treatment success 
showed that adults aged 18–39 years tended to 
respond less well than other age groups. Prior use 
of immunosuppressive agents tended to be associ-
ated with a lower likelihood of treatment success. 
Patients who had prior treatment with alkylating 
agents responded especially poorly to mycopheno-
late mofetil, with a 70 % lower likelihood of treat-
ment success when compared with patients who 
had never been previously treated. However, 
patients who previously had receive different anti-
metabolites such as methotrexate had a likelihood 
of success similar to that of patients who had not 
taken immunosuppressive drugs previously [ 13 ] 
(EBM 2+ C). An extended report [ 103 ] (EBM 3 D) 
from one of the centers participating in the SITE 
cohort study confi rmed that patients previously 
treated with methotrexate often respond to subse-
quent mycophenolate mofetil therapy, suggesting 
that mycophenolate mofetil is a reasonable next 
step for patients failing methotrexate. 

 About 12 % of patients in the SITE study dis-
continued treatment within the fi rst year because 
of side effects such as gastrointestinal upset, but 
the toxicities were typically reversible with dis-
continuation of the drug [ 13 ] (EBM 2+ C). 

 In a retrospective non-comparative study of 54 
patients treated with mycophenolate mofetil [ 6 ] 
(EBM 3 D), 4 patients were affected by pars  planitis. 
Overall, control of infl ammation was achieved in 
75 % of patients with a daily dose of 2 g. Control of 
infl ammation was independent of anatomic loca-
tion. A corticosteroid-sparing effect was achieved in 
41.6 % of cases, and adverse reactions were experi-
enced by 44 % of patients [ 6 ] (EBM 3 D). 

 In a study of 17 children [ 22 ] (EBM 3 D) with a 
mean age of 8 years (range 2–13), 10 patients 
(58.8 %) with intermediate uveitis were treated with 
mycophenolate mofetil and followed up for a mean 
of 2.8 years. The dose of MMF given was that 

 recommended in pediatric renal transplant recipi-
ents, 600 mg/m 2  twice daily. The average mainte-
nance dose was 1 g (range 750 mg to 2 g daily). The 
drug was effective in 7/10 patients, and 5 patients 
(50 %) were able to discontinue systemic corticoste-
roids. Side effects during MMF treatment in these 
children were headache [ 3 ], gastrointestinal discom-
fort [ 1 ], rash [ 1 ], and leukopenia [ 1 ,  22 ] (EBM 3 D). 

 In a study of 18 patients with intermediate and 
posterior uveitis, Greiner and coauthors con-
fi rmed the effi cacy of mycophenolate mofetil in 
controlling ocular infl ammation in 13 out of 18 
patients. Mycophenolate mofetil was given at a 
daily dose of 2 g in combination with  cyclosporine 
and/or prednisone; corticosteroid-sparing effect 
was achieved in 14 patients, and 4 patients were 
able to discontinue corticosteroids. The most fre-
quently observed side effects in this series were 
myalgia, fatigue, headache, and gastrointestinal 
discomfort [ 33 ] (EBM 3 D). 

 In a comparative study on effectiveness of anti-
metabolites in the treatment of intermediate uveitis, 
Galor et al. confi rmed that mycophenolate mofetil 
was faster than methotrexate in reaching a treat-
ment success and superior to azathioprine in its 
side effect profi le. Nevertheless, other differences 
exist among antimetabolites including the cost of 
medication (mycophenolate’s cost is higher), the 
dosing (methotrexate is weekly and more conve-
nient), the availability of an injectable form (only 
for methotrexate), and the length of experience 
with children (longer for methotrexate). These fac-
tors should be taken into account when deciding on 
the appropriate immunosuppressive treatment for 
individual patients [ 27 ] (EBM 2++, C). 

 Core Message 

•     Dosing regimen of mycophenolate mofetil 
in intermediate uveitis is 1 g twice daily.  

•   Based on current evidence from the SITE 
study, control of infl ammation was 
achieved in 65 % of patients at 6 months 
and 76.7 % at 12 months (EBM 2+ C).  

•   Patients between 18 and 39 years tended 
to respond less well than other age groups.  

•   Prior use of immunosuppressive agents, 
in particular with alkylating agents, is 

E. Miserocchi et al.



149

  The results of the SITE cohort study for cyclo-
sporine, methotrexate, azathioprine, and myco-
phenolate mofetil referred to patients with only 
intermediate uveitis are summarized in Table  9.2 .

9.4.7        Alkylating Agents 

 The alkylating agents, cyclophosphamide and 
chlorambucil, work by alkylating DNA resulting 

in DNA cross-linking and inhibition of DNA 
 synthesis. Because of serious, life-threatening 
side effects, their use is limited to severe, sight- 
threatening uveitis that has not responded to less 
toxic therapy. In the era of new biologic drugs, the 
use of alkylating agents is reserved to recalcitrant 
forms of uveitis that have failed conventional 
treatment and treatment with biologic agents.  

9.4.8     Cyclophosphamide 

 Most of the information on uveitis comes from small 
case reports on the effi cacy of  cyclophosphamide 
in scleritis, Wegener’s granulomatosis, Behcet’s 
disease, and serpiginous choroiditis. 

 The SITE study [ 93 ] (EBM, 2+ C) reported on 
215 patients who achieved control of infl amma-
tion in 49 % of cases at 6 months and 76 % within 
12 months but also showed a trend for slightly 
increased cancer-related mortality. This study 
demonstrated that cyclophosphamide is not asso-
ciated with a statistically signifi cant increase in 
overall mortality (adjusted HR = 1.14,  p  = 0.45), 
but found that cancer mortality tended to be 

   Table 9.2    Results of the SITE cohort study for cyclosporine, methotrexate, azathioprine, and mycophenolate mofetil 
referred to patients with only intermediate uveitis   

 CSA  MTX  AZA  MMF 

  N . patients with IU  99  38  18  28 
 Median age year (range)  32.1 (7.6–63.3)  44.4 (19.6–68.3)  44.3 (19.8–75.4) 
 Gender, % female  60 (60.6 %)  28 (73.7 %)  13 (72.2 %)  16 (57.1 %) 
 Race 
 % Caucasian  84 (84.8 %)  29 (76.3 %)  16 (88.9 %)  20 (71.4 %) 
 % Black  8 (8.1 %)  6 (15.8 %)  1 (5.6 %)  5 (17.9 %) 
 % Others  7 (7.1 %)  3 (7.9 %)  1 (5.6 %)  3 (10.7 %) 
 Duration of infl ammation year 
(range) 

 3.2 (0–25.2)  3.3 (0.0–26.7)  5.9 (0.1–22.4) 

 Bilateral infl ammation  88 (88.9 %)  25 (65.8 %)  13 (72.2 %)  19 (67.9 %) 
 Prednisone ≤10 mg/day  27 (71.1 %)  15 (53.6 %) 
 Treatment success at 6 months (%) 
  No activity  39.3 %  47.4 %  69.3 %  65 % 
  Without systemic steroids  3.7 %  7.4 %  0 %  0 % 
 Treatment success at 12 months (%) 
  No activity  51.8 %  74.9 %  89.8 %  100 % 
  Without systemic steroids  9.2 %  15 %  0 %  13.8 % 
 Discontinuation for 
  Side effects  13 %  16 %  24 %  12 % 
   Ineffectiveness (data for overall 

anatomic types of uveitis) 
 6.7 %  13 %  15 %  9.7 % 

associated with a lower likelihood of 
treatment success.  

•   In children with intermediate uveitis, 
MMF is effective in 70 % of cases and 
in 50 % has a corticosteroid-sparing 
effect (EBM 3 D).  

•   A comparative study showed that myco-
phenolate is superior to methotrexate 
with respect to rapidity of achieving 
treatment success and superior to aza-
thioprine with respect to its side effect 
profi le (EBM 2++ C).    
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higher with respect to unexposed cohort (adjusted 
cancer mortality HR = 1.61,  p  = 0.17) and in the 
US general population (cancer-specifi c 
SMR = 1.42,  p  = 0.056) [ 93 ] (EBM, 2+ C). 
However, in the SITE study, results on the effi -
cacy of cyclophosphamide on uveitis are not pre-
sented based on different anatomic location of 
ocular infl ammation. It is therefore impossible to 
extrapolate from this SITE study results concern-
ing intermediate uveitis. 

 The use of intravenous cyclophospha-
mide therapy once a month has been evaluated 
in 11 patients refractory or intolerant to oral 
 corticosteroids. Improvement in uveitis was 
found only in 5 patients, with sustained benefi t 
without additional immunosuppressive agents in 
only 2 patients [ 94 ] (EBM 3 D). 

 The most common side effect is dose- dependent 
reversible myelosuppression, although clinicians 
monitor the degree of leukopenia and neutropenia 
as a marker for immunosuppressive effect. Other 
serious side effects include hemorrhagic cystitis 
and bladder cancer in patients who are unable to 
maintain adequate hydration. Cyclophosphamide 
also suppresses ovarian and gonadal function, and 
patients need to consider ways to maintain future 
fertility such as sperm or egg banking or the induc-
tion of temporary menopause. When given intra-
venously as a pulse therapy, there may be fewer 
side effects by avoiding prolonged exposure. 

 Commonly used doses for ocular  infl ammatory 
diseases are 1–3 mg/kg/day, with doses adjusted 
based on clinical response and degree of leukope-
nia. Alternatively, it can be given as IV pulse ther-
apy at 1 g/m 2  body surface area every 3–4 weeks.  

9.4.9     Chlorambucil 

 Most of the evidence for chlorambucil comes 
from treatment series on patients with Behcet’s 
disease. 

 In a retrospective study of 28 patients treated 
with chlorambucil, 2 patients with a diagnosis of 
pars planitis were treated at an initial dose of 
6 mg. One was treated for 6 months and the other 
for 18 months. In both patients with pars planitis, 
the drug was effective and no other systemic 

immunosuppressants were required to control 
ocular infl ammation after discontinuation of 
chlorambucil. One patient in this series had no 
side effects during treatment, and the other devel-
oped temporary amenorrhea [ 76 ] (EBM 2- D). 

 In another report on 53 patients (2 % with pars 
planitis), short-term (average duration 16 weeks) 
high-dose (average dose 20 mg/day) chlorambu-
cil was effective in inducing remission in 77 % of 
patients. Dosing of chlorambucil was started at 
2 mg/daily; if the white blood cell count was 
greater than 3,000/mm 3 , the dose was increased 
by 2 mg/day each week. Chlorambucil was dis-
continued if the blood cell count fell below 2,400/
mm 3  or if the platelet count fell below 100,000/
mm 3 . Side effects in this retrospective study on 
chlorambucil were secondary amenorrhea, her-
pes zoster infection, testicular atrophy, and erec-
tile dysfunction. Two dosing regimens have been 
used in ocular infl ammatory disease. The fi rst 
regimen for long-term therapy is chlorambucil at 
0.1–0.2 mg/kg/day (6–12 mg/day) as a single 
oral dose, with gradual tapering of corticoste-
roids as infl ammation is controlled. Chlorambucil 
is continued for 1 year after quiescence is 
achieved in an effort to induce prolonged remis-
sion. The second regimen is a short-term therapy 
with chlorambucil initiated at a dose of 2 mg/day 
for 1 week, with increasing the dose by 2 mg/
week until infl ammation is controlled; the dura-
tion of the short-term course is 3–6 months [ 31 ] 
(EBM 3 D). 

 Core Messages 

•     Dosing regimen of cyclophosphamide 
for intermediate uveitis: 1–3 mg/kg/day.  

•   Dosing regimen of chlorambucil for 
intermediate uveitis:  

•   Long term: 0.1–0.2 mg/kg/day 
(6–12 mg/day)  

•   Short term: 2 mg/day and then 2 mg/
week for 3–6 months  

•   Based on current evidence from the lit-
erature, the use of alkylating agents in 
intermediate uveitis is very limited 
(EBM 3D).  
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9.4.10       TNF-α Blockers 

 Tumor necrosis factor (TNF)-α blockers are bio-
logic immunomodulators that have been FDA 
approved for many systemic infl ammatory condi-
tions but are considered off-label for the treat-
ment of ocular infl ammatory disease. Although 
several small case series show promising results 
with respect to control of intraocular infl amma-
tion, there is a lack of randomized clinical trials 
on the effi cacy of these drugs in uveitis. Among 
the TNF-α blockers, adalimumab and infl iximab 
are the two more commonly used biologics in 
ocular infl ammatory diseases. 

 A prospective clinical trial evaluated the effi -
cacy of adalimumab in 19 patients with refractory 
uveitis; 3 patients with idiopathic intermediate 
uveitis were treated with 40-mg subcutaneous 
injections of adalimumab every other week during 
a 12-month follow-up study. All patients showed 
improvement in vitreous infl ammation and visual 
acuity and had reduction of macular thickness 
after 12 months of therapy [ 20 ] (EBM 2++ C). 

 In a retrospective longitudinal case series of 43 
patients describing the cortico-sparing effect of 
infl iximab and adalimumab in patients with 
chronic uveitis, 10 patients with intermediate uve-
itis were included (eight treated with infl iximab, 
two with adalimumab) [ 67 ]. Approximately 80 % 
of patients on infl iximab or adalimumab were able 
to achieve sustained control of infl ammation by 
6 months. Control of infl ammation and 

 corticosteroid-sparing success at 12 months were 
achieved in 60.9 % of the infl iximab group and 
57.1 % of the adalimumab group. The overall dis-
continuation rate for infl iximab was 0.26/PY, and 
the discontinuation rate due to adverse events was 
0.11 /PY; two patients had serious pulmonary 
infections. The overall discontinuation rate for 
adalimumab was 0.26/PY, and there was no dis-
continuation due to adverse reactions in this group. 
This study suggests that infl iximab and adalim-
umab are potentially more effective at controlling 
infl ammation than conventional agents and that 
control may be achieved more quickly with these 
biologics agents. However, several months of 
treatment are required before sustained control of 
infl ammation with corticosteroid sparing can be 
seen. Most of the patients included in this study 
received in addition to TNF-α blockers and corti-
costeroids an antimetabolite [ 67 ] (EBM 2- D). 

9.4.11       Interferon 

 Interferon (IFN) alpha is a cytokine belong-
ing to the subgroup of type I interferons that 

 Core Messages 

•     Dosing regimen of adalimumab for 
intermediate uveitis: 40-mg subcutane-
ous injections every 2 weeks.  

•   Dosing regimen of infl iximab for inter-
mediate uveitis: 3 to 10 mg/kg intrave-
nously at 0, 2, and 6 weeks and then 
every 8 weeks.  

•   Based on current evidence, infl iximab 
and adalimumab are potentially more 
effective at controlling intermediate 
uveitis than conventional agents; control 
of infl ammation may be achieved more 
rapidly with biologics compared to con-
ventional treatment (EBM 2- D).  

•   Regarding their corticosteroid-sparing 
effect, several months of treatment are 
required with biologics with sustained 
control of infl ammation before success-
ful taper of steroids is possible.    

•   Alkylating agents are very potent drugs 
capable of inducing long-term remis-
sion of intraocular infl ammation.  

•   Because of the potential for signifi cant 
drug- related side effects, those agents 
should not be used as fi rst-line agents, 
especially in young patients, and should be 
reserved for vision- threatening intermedi-
ate uveitis recalcitrant to other conven-
tional and newer immunosuppressants.  

•   Patients treated with alkylating agents 
should be very carefully selected and 
monitored by expert hands.    
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have strong antiviral, antiproliferative, and 
various immunomodulatory effects. It is 
approved for the treatment of viral hepatitis, 
myeloproliferative disorders, and lymphomas. 
However, during the past years, IFN has also 
been employed with success in the treatment 
of patients with Behcet’s disease [ 16 ,  17 ,  56 ] 
(EBM 3 D) with ocular involvement and for 
other types of refractory uveitis [ 9 ] (EBM 2- 
D). In a recent retrospective large study on the 
effi cacy and tolerability of IFN alpha treatment 
in 24 consecutive patients with chronic cystoid 
macular edema, 18 patients (75 %) with inter-
mediate uveitis were included [ 17 ] (EBM 3 D). 
The majority of patients had bilateral cystoid 
macular edema, and the median duration of the 
edema before IFN treatment was 36 months, 
and the median follow-up time was 21 months. 
INF treatment was very effective, demonstrat-
ing remission or partial remission of macular 
edema in 87.5 % of patients or 62.5 % of the 
eyes, and the vast majority of patients responded 
very quickly showing complete resolution of 
macular edema within 2 weeks. However, these 
data do not show any correlation between the 
grade of effi cacy of IFN therapy and the dura-
tion of cystoid macular edema or the underly-
ing uveitis condition (anterior, intermediate, 
or posterior). Although side effects occurred 
frequently in this series (mostly fl u-like symp-
toms, fatigue, and increased liver enzymes), 
IFN treatment was generally well tolerated; 
most of the side effects were mild to moderate 
and dose dependent. The authors pointed out 
that the occurrence of fl u-like symptoms after 
initiation of IFN therapy might be a positive 
sign with regard to the response of a patient. 
Thus, if a patient displays no fl u-like symptoms 
or if therapy ceases to have an effect after the 
initial response, anti-TNF autoantibodies have 
to be excluded [ 17 ] (EBM 3 D). 

 In another report, in 13 patients with inter-
mediate uveitis associated with multiple sclero-
sis, interferon beta (IFN-β) was reported to 
have benefi cial effects on ocular infl ammation. 
In this retrospective study, the median age of 
patients was 48 years, and the majority of them 
had bilateral uveitis recalcitrant to several 

immunosuppressive agents. After a median of 
2.3 years following the onset of uveitis, patients 
were put on IFN-β treatment. During the 
median total observation time of 18.7 months, 
71 % of the eyes improved their visual acuity, 
and in 21 % of patients, the visual acuity 
remained stable. Vitreous cell count also 
improved in 71 % of the eyes. At the last visit, 
69 % of patients were not on systemic cortico-
steroids, and a reduction in the dose of predni-
sone to 10 mg/day or less had been documented 
in all patients. Side effects such as myopathy, 
depression, and dizziness were seen in 23 % of 
patients [ 7 ] (EBM 3 D). 

9.4.12       Daclizumab 

 Daclizumab is a humanized monoclonal antibody 
that binds to the CD25 portion of the IL-2 recep-
tor on activated T cells that has been fi rst used in 
patients undergoing renal transplantation show-
ing an improvement of graft survival. A random-

 Core Messages 

•     Dosing regimen of interferon α-2a for 
intermediate uveitis: initial dose three 
million (body weight ≤70 kg) or six 
million IU (body weight ≥70 kg) per 
day subcutaneously.  

•   Dosing regimen of interferon β for inter-
mediate uveitis:
 –    22 or 44 μg, 3 times per week 

subcutaneously  
 –   30 μg once a week intramuscularly     

•   Based on current evidence, interferon 
α-2a is very effective and rapid in reso-
lution of macular edema associated with 
intermediate uveitis (EBM 3 D).  

•   Side effects with interferon α-2a are fre-
quent but usually mild to moderate and 
dose dependent.  

•   Interferon β is effective in the treatment 
of intermediate uveitis associated with 
multiple sclerosis (EBM 3 D).    
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ized, open-label study, phase I/II clinical trial 
showed that infusion of daclizumab every 
4 weeks was effective in the treatment of inter-
mediate and posterior noninfectious uveitis. In 
this study, three patients with intermediate uveitis 
were enrolled and the long-term administration 
of daclizumab drug was effective in controlling 
uveitis [ 82 ] (EBM 1- B). 

 In a more recent long-term study, Wroblewski 
et al. evaluated the effi cacy and safety of dacli-
zumab in 39 patients with noninfectious inter-
mediate and posterior uveitis. Daclizumab was 
administered intravenously (1 mg/kg every 
2 weeks for 1 month followed by monthly 
1 mg/kg), subcutaneously (1 mg/kg monthly), 
or by high-dose intravenous injection (8 mg/
kg IV  followed by 4 mg/kg IV after 2 weeks). 
Six patients with idiopathic intermediate uveitis 
were included in this study. Daclizumab was 
effective in reducing concomitant immunosup-
pressive medication, in stabilizing visual acuity, 
and in preventing uveitis fl ares in most study 
patients. Cutaneous reactions were the most com-
monly observed adverse events with daclizumab 
therapy. Four out of 39 patients developed solid 
tumor  malignancies  during the 11-year period 
of observation. The side effect profi le of dacli-
zumab seems acceptable in the context of side 
effects associated with more conventional immu-
nosuppressives, but the malignancy rate of this 
drug merits further review [ 112 ] (EBM 2- D). 

9.5        Surgical Treatment 

9.5.1     Cryotherapy 

 If the administration of local corticosteroids and 
systemic nonsteroidal anti-infl ammatory drugs 
fails to control intraocular infl ammation, cryo-
therapy (and laser photocoagulation) is a useful 
therapeutic alternative in patients with intermedi-
ate uveitis. 

 The exact mechanism is unknown. Josephberg 
and colleagues (EBM 3D) performed peripheral 
fl uorescein angiography in 20 eyes affected by 
pars planitis before and after peripheral retinal 
cryotherapy. They showed that fl uorescein leakage 
was reduced following treatment and postulated 
that it is secondary to a decrease in angiogenic fac-
tors by the ischemic peripheral retina in the areas 
of capillary dropout. They also suggested that the 
direct ablation of leaking vessels might also be a 
contributing factor in some cases [ 47 ]. 

 Devenyi and associates (EBM 3D) recom-
mended cryotherapy for neovascularization of 
the vitreous base in patients with pars planitis. 
They reported, in a series of patients affected by 
intermediate uveitis, infl ammatory quiescence in 
21 eyes (78 %), and intermittent infl ammation in 
5 eyes (18 %) after cryotherapy [ 19 ]. 

 Similarly, favorable results were observed by 
Okinami (EBM 3D) with 61 % regression of 
infl ammation after a single cryotherapy treatment 
in 28 eyes [ 85 ]. 

 In a small randomized study (EBM 2-D) in 
which cryotherapy was compared with cortico-

 Core Messages 

•     Dosing regimen of daclizumab for inter-
mediate uveitis:
 –    Intravenously: 1 mg/kg every 

2 weeks for 1 month followed by 
monthly 1 mg/kg  

 –   Subcutaneously: 1 mg/kg/kg monthly  
 –   High dose: 8 mg/kg IV followed by 

4 mg/kg IV after 2 weeks     
•   Based on current evidence, long-term 

daclizumab is effective in controlling 
intermediate uveitis, allowing a reduc-
tion of concomitant immunosuppressive 

medications, stabilization of visual acu-
ity, and prevention of recurrences (EBM 
1- B).  

•   However, the side effect profi le of dacli-
zumab, particularly an increased risk of 
malignancies, merits further investiga-
tion and limits the use of this drug for 
intermediate uveitis, which is usually 
responsive to alternate medications 
(EBM 2- D).    
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steroids, cryotherapy was superior in improving 
visual acuity at 6 months [ 108 ]. 

 Although favorable results have been reported 
with cryotherapy, this approach can promote the 
development of epiretinal membranes, cataract, 
and retinal detachments and can exacerbate mac-
ular edema [ 85 ].  

9.5.2     Laser Photocoagulation 

 Panretinal photocoagulation has been shown to be 
effective for the treatment of peripheral neovascu-
larization associated with IU. Park and associates 
(EBM 2-D) demonstrated the regression of neo-
vascularization with stabilization of infl ammation, 
reduction in cystoid macular edema, and improve-
ment in visual acuity in six patients (ten eyes) pre-
sented with vitritis, cystoid macular edema, and 
neovascularization of the vitreous base, unrespon-
sive to corticosteroid therapy. Three patients (fi ve 
eyes) received scatter diode or argon photocoagu-
lation treatment alone. The other three patients 
(fi ve eyes) underwent pars plana vitrectomy cou-
pled with argon or diode photocoagulation, placed 
in three rows, posterior to the area of inferior neo-
vascularization of the vitreous base [ 87 ,  92 ]. 

 Advantages of laser photocoagulation include 
ease of treatment delivery, fewer complications, 
and reduced ocular morbidity as compared to cryo-
therapy. In particular, Pulido et al. reported no cases 
of posttreatment tractional retinal detachments. 

 Incidence of epiretinal membrane formation 
after laser photocoagulation increases from 23 to 
46 % (EBM 3D) [ 92 ], and it may be limited by 
the presence of vitreous opacity. 

 In conclusion, considering the apparent lack 
of signifi cant complications, this treatment 
appears to be a viable therapeutic alternative in 
patients with pars planitis or may be used in place 
of or prior to the use of cryotherapy in patients 
unresponsive to corticosteroids.  

9.5.3     Vitrectomy 

 Pars plana vitrectomy is usually required to 
 manage complications such as vitreous opacities, 
hemorrhages, vitreoretinal tractions, and epireti-

nal membranes. Over the last decade, several 
reports have claimed that vitrectomy can have a 
benefi cial effect on the natural history of the dis-
ease, in particular the grade of infl ammation and 
macular. The reason for the anti-infl ammatory 
effect is unknown, but some authors proposed 
that during vitrectomy, the vitreous cytokines and 
the removal of pro-infl ammatory factors associ-
ated with the removal of infl ammatory cells from 
the vitreous might be responsible for this amelio-
ration [ 36 ,  39 ,  75 ,  111 ]. 

 The positive effects of vitrectomy in 42 eyes 
of 32 patients have been reported by Wiechens 
and colleagues (EBM 3D). A regression of macu-
lar edema and an improvement in visual acuity of 
59 % and 50 %, respectively, were observed after 
PPV [ 111 ]. 

 Controversial results have been published on 
the outcome of the eyes affected by cystoid mac-
ula edema after PPV with some authors observ-
ing a success rate of 80 % and others reporting 
only minor effects. In a retrospective review, 
Heiligenhaus and associates (EBM 3D) observed 
16 patients with IU who underwent PPV. In this 
review, the frequency and severity of infl amma-
tory episodes decreased, and in three cases, mac-
ular edema resolved completely. Moreover, six 
patients were able to discontinue oral corticoste-
roids after vitrectomy [ 38 ]. 

 Dugel and colleagues (EBM 3D) reported the 
visual acuity improvement and attenuation of 
macular edema unresponsive to corticosteroids in 
7 of the 11 eyes that underwent vitrectomy [ 23 ]. 

 Conversely, Schönfeld and coworkers (EBM 
3D) reported that in 75 % of 42 eyes with IU 
undergoing PPV, visual acuity improved only 
to 20/200 suggesting that preexisting macular 
pathology limited the fi nal visual outcome. The 
possible cause could be the presence of long- 
standing CME which can lead to retinal degen-
eration with permanent visual loss. Therefore, 
aggressive control of infl ammatory activity 
by local and systemic anti-infl ammatory and 
immunosuppressive therapy is mandatory 
to prevent serious long-term complications. 
However, it is still unclear whether aggressive 
treatment in the early stages can ameliorate the 
course of intermediate uveitis and thus the fi nal 
visual outcome [ 98 ]. 
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 Epiretinal membrane formation is a frequent 
complication and cause of visual loss in patients 
with pars planitis [ 66 ]. Mieler and colleagues (EBM 
3D) and Muralidhar and coauthors (EBM 3D) 
reported in two different case reports the positive 
effect of the epiretinal membrane peeling in improv-
ing visual acuity outcome [ 74 ,  79 ]. Moreover, Dev 
and associates demonstrated in a consecutive non-
comparative study (EBM 3D) that the removal of 
the epiretinal membranes in seven patients affected 
by pars planitis was able to improve visual acuity 
over a 9-year follow-up time [ 18 ]. 

 Vitrectomy is known to be a safe and effective 
procedure for non-cleaning vitreous hemorrhage 
caused by many conditions [ 101 ]. Two case 
reports and a case series of six eyes (EBM 3D) 
showed an improvement in visual acuity after 
vitrectomy without postoperative complications 
[ 75 ,  91 ,  101 ]. Molina-Prat and associates (EBM 
3D) in another series of 7 eyes with vitreous 
hemorrhage observed vision improvement in all. 
Worsening of cataract and a postoperative 
increased ocular pressure in this series were 
present respectively in 40.9 % and in 18.2 % of 
treated eyes [ 77 ]. 

9.5.4       Cataract Surgery 

 Cataract is a well-known complication in patients 
with pars planitis, secondary to chronic infl am-
mation, long-term corticosteroids use, and vitrec-
tomy surgery. Generally, cataract extraction is a 
safe procedure if intraocular infl ammation is con-

trolled with systemic treatment for a minimum of 
3 months before surgery (EBM 3D) [ 1 ]. 

 The safety of intraocular lens implantation in 
patients with IU was demonstrated in a prospec-
tive randomized study where no statistical sig-
nifi cant differences were found at 1 year for 
visual acuity between the group with and without 
intraocular IOL implantation (EBM 2+C) [ 104 ]. 

 Ganesh and associates evaluated a series of 100 
eyes affected by pars planitis that underwent 
implantation with either polymethyl methacrylate 
(PMMA), heparin-surface-modifi ed PMMA, or 
hydrophobic acrylic lens. The authors reported no 
statistically signifi cant differences in postoperative 
visual outcome or surgery-related complications 
[ 29 ] (EBM 2+C). Kaufman and associates reported 
a postoperative visual acuity of 20/40 or better in 
17 eyes (88 %) following cataract extraction in 
patients affected by intermediate uveitis. The fac-
tors that limited visual recovery in their series of 
patients were primarily macular edema, epiretinal 
membrane, and optic atrophy (EBM 2-D) [ 51 ]. 

 To minimize vision-threatening complications 
in patients with IU, it is important to provide a 
close postsurgical follow-up and aggressively 
treat postoperative infl ammation (EBM 3D) [ 1 , 
 26 ]. Postoperative infl ammation can lead to com-
plications such as lens dislocation. In a series of 
15 eyes with pars planitis that underwent extra-
capsular cataract extraction with intraocular lens 
implantation, two eyes required lens explantation 
and fi ve eyes required multiple laser or surgical 
procedures to clear posterior capsular mem-
branes. Despite these complications, 50 % of the 
eyes achieved a postoperative visual acuity of 
20/40 or better (EBM 3D) [ 73 ]. In a more recent 
retrospective study of 44 consecutive cases, 
Michaeli and associates reported that iris fi xation 
is an effective method for treating subluxated 
IOLs (EBM 3D) [ 72 ]. 

 Cataract extraction can be followed by PPV in 
a single- or two-step procedure (EBM 3D) [ 3 ,  26 , 
 73 ]. The two approaches are equivalent for effi -
cacy and safety, but the sequential surgery could 
be advantageous to minimize the postoperative 
anterior chamber infl ammatory response [ 105 ]. 
Finally, a recent paper demonstrated that in 21 
eyes with severe uveitis, a fl uocinolone acetonide 
implant insertion can be combined safely with 

 Core Message 

•     Cryotherapy and laser photocoagulation 
are useful therapeutic alternatives in 
patients with IU when local and sys-
temic treatments have failed.  

•   Vitrectomy may be considered in 
patients with IU and severe vitreous 
opacities or vitreous hemorrhages unre-
sponsive to systemic treatment.  

•   The effi cacy of PPV remains an open 
question since no RCT is present in the 
literature.    
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phacoemulsifi cation plus IOL implantation dur-
ing the same surgical session without any intra-
operative complications. This technique seems to 
be useful in improving visual acuity and decreas-
ing uveitic recurrences and the need for immuno-
suppression (EBM 3D) [ 11 ]. 
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10.1            Infectious Posterior Uveitis 

10.1.1     Viral Posterior Uveitis 

10.1.1.1     Acute Retinal Necrosis 
Syndrome 

   Defi nition 
 Acute retinal necrosis (ARN) is a condition that 
was initially described in 1971 by Urayama 
[ 115 ]. It is a fulminant viral infection caused 
by members of the herpesvirus family. ARN is 
characterized by peripheral full-thickness retini-
tis with discrete borders, occlusive vasculopathy 
with arteriolar involvement, rapid progression 
with circumferential spread in untreated eyes, and 
marked vitritis. Late retinal detachment remains 
a serious complication despite prophylactic laser 
photocoagulation and vitreoretinal surgery. 

 ARN is generally diagnosed on the basis of its 
clinical features, as summarized by the  diagnostic 
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criteria established by the executive committee of 
the American Uveitis Society (Table  10.1 ).

      Epidemiology/Etiology 
 Necrotizing retinitis from alpha herpesviruses 
HSV and VZV is a rare disease. The age of onset 
has a bimodal distribution with peaks occur-
ring at ages of 20 and 50. The disease is preva-
lently diffused in the elderly population and in 
immune- defi cient patients, through the fi fth to 
seventh decade. HSV infection seems to involve 
early adulthood, while VZV dermatitis seems 
to involve the older population. The etiology of 
ARN was clarifi ed in 1982 when it was shown 

that almost every member of the herpesvirus 
family could be implicated as a causative agent.  

   Clinical Symptoms and Signs 
 ARN is characterized by acute peripheral necro-
tizing retinitis with well-demarcated borders and 
a tendency to rapidly spread towards the pos-
terior pole. ARN is commonly associated with 
mild to severe vitritis and retinal arteriolitis in 
the context of an occlusive vasculopathy [ 121 ] 
(EBM:2+, C). Subsequent optic neuropathy is a 
frequent consequence of vasculitis. ARN is usu-
ally a unilateral disease, but in almost one-third 
of patients, the second eye becomes involved 
within 6 weeks. 

 ARN may begin with an anterior granuloma-
tous uveitis. Usually within 21 days, the retinal 
necrosis reaches its maximum extension, and the 
macula is often spared. The regression of ARN 
leads to retinal atrophy in a Swiss cheese-like 
pattern. The massive cellular infi ltration of the 
vitreous body (Fig.  10.1 ) creates the conditions 
for membrane proliferation with subsequent 
PVD and rhegmatogenous retinal detachment 
and a subsequent proliferative vitreoretinopathy. 
If there is a severe infl ammatory response, an 
exudative retinal detachment can occur.

      Differential Diagnosis of Acute Retinal 
Necrosis (Fig.  10.2 ) 
    CMV retinitis mostly affects immunocompro-
mised patients. Toxoplasmic retinochoroiditis 
is the most frequent disease simulating necro-

   Table 10.1    AUS criteria for the diagnosis of acute  retinal 
necrosis [ 1 ]   

 Characteristics required for diagnosis 
   Single or multiple areas of retinal necrosis 

with distinct borders 
  Necrotic foci usually located in the peripheral retina 
   Rapid disease progression if antiherpetic treatment 

is not instituted 
   Extension of foci of retinal necrosis in a 

circumferential fashion 
   Presence of occlusive vasculopathy with arteriolar 

involvement 
   Prominent anterior chamber and vitreous 

infl ammation 
 Characteristics that support, but are not required 
for, diagnosis 
  Optic neuropathy or atrophy 
  Scleritis 
  Pain 

a b

  Fig. 10.1    Acute retinal necrosis: color fundus photograph showing a dense vitritis with retinal vasculitis ( black 
arrows ). Fluorescein angiography ( b ) proves the occlusive nature of the retinal vasculitis ( black arrows )       
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tizing viral retinopathies; hemorrhage is not a 
characteristic of its lesions. Behcet’s disease 
is a systemic disease associated with an incon-
stant course of remissions and exacerbations. 
Intraocular  lymphoma is characterized by a slow 
course as compared to ARN.  

   Treatment 
 The therapeutic strategy of alpha herpesvirus 
retinitis includes antivirals, anti-infl ammatories, 
and antiglaucomatous medications. Intravenous 
administration of acyclovir remains the main 
approach, in the light of its effi cacy against both 

Risk factor(s) for endogenous endophthalmitis
(symptoms or signs of systemic or localized infection;

recent history of surgery or intravenous access;
history of intravenous drug use).

Blood/urine/catheter cultures.
Vitreous cultures/Gram

stain/KOH prep.

PCR-based testing of aqueous and/or
vitreous for HSV, VZV, CMV, T. gondii DNA.

Serologic testing for CBC with differential,
toxoplasmosis (lgG/IgM),

syphilis (RPRIVDRL,TPA),
tuberculosis (IGRA),

sarcoidosis (ACE and/or lysozyme levels),
and HIV. Chest X-ray.

Begin empirical treatment for herpetic retinitis:

Intravenous acyclovir (10–15 mg/kg/day divided q8 h)
in hospital if non-compliant, evidence ot systemic
infection (encephalitis/dermatitis), or HIV+.
Otherwise, oral valacyclovir (2,000 mg q8 h) OR
Oral valganciclovir (900mg q12 h).
Supplemental intraocular ganciclovir (2–5 mg/0.1 ml)
OR foscarnet (2.4 mg/0.1 ml) for lesions threatening or
involving the macula or optic disk.
Oral prednisone, 0.5 mg/kg/day and topical 1 %
prednisolone acetate to treat intraocular inflammation
as indicated.

Diagnosis established
by testing intraocular

fluid, blood, etc.

Yes

Treat as indicated.

Immunocompetent?
Treat at least 3 months

Immunosuppressed?
Treat until immune

status improved

No

Yes

No

•

•

•

•

Vitreous ± retinochoroidal biopsy
for cytology/histology, culture/Gram
stain/KOH prep, repeat PCR-based
testing as indicated – including 16S
ribosomal DNA testing for atypical

bacteria and fungi.

  Fig. 10.2    Decision tree summarizing recommended approach to the patient with retinitis of unclear etiology [ 3 ]       
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HSV and VZV. It is given for 14–21 days; after 
that, it is switched to 4 g of acyclovir or 3 g of vala-
cyclovir daily per os for a period of 1–3 months. 
Usually, lesions stabilize within 48 h, but in resis-
tant cases, intravenous foscarnet or ganciclovir is 
employed ([ 128 ] (EBM: 1-, A)). Acyclovir sig-
nifi cantly decreases contralateral disease as com-
pared with those untreated ([ 121 ] (EBM:2++, 
C), [ 128 ] (EBM: 1-, A), [ 188 ] (EBM:2++, C)). 
Recently, oral valacyclovir has been successfully 
used for the treatment of ARN, even though its 
role has still to be discussed ([ 250 ] (EBM: 3, C)). 
Anti-infl ammatory drugs are still being dis-
cussed in ARN syndrome: they are employed to 
minimize damages to the optic nerve and retinal 
vessels. On the other hand, they have to be used 
only in conjunction with antivirals. Steroids must 
be started at 1 mg/kg and progressively tapered 
([ 275 ] (EBM: 1-, A)). The role of anticoagu-

lants and aspirin remains controversial, in par-
ticular, their effect on the occlusive vasculopathy. 
Retinal detachment in ARN syndrome remains a 
major problem with an incidence of 75 % in the 
untreated patients. Prophylactic vitrectomy and 
laser photocoagulation ([ 196 ] (EBM: 4, D)) are 
associated with a variable visual function and are 
still controversial. 

 Very recently, Wong et al. ([ 274 ] (EBM: 2++, 
B)) have proposed to treat ARN with intravitreal 
foscarnet. The authors evaluated 33 eyes with 
HSV-ARN and 48 with VZV-ARN. Visual acu-
ity on presentation was similar ( p  = 0.48), but a 
larger proportion had better vision (> or =20/60) 
in the HSV-ARN group (52 %) than the VZV- 
ARN group (35 %). A greater proportion of eyes 
with poor vision (< or =20/200) was found at 
the 12-month follow-up in the VZV-ARN group 
(60 %) compared with the HSV-ARN group 

   Table 10.2    Agents commonly used in the treatment of acute retinal necrosis [ 188 ]   

 Drug  Route of administration  Adverse effects 
 Estimated
cost a  

 Predicted relative
effi cacy      

 Acyclovir  15 mg/kg/day divided every 8 h 
IV for 7 days, followed by 
800 mg fi ve times daily po for 
3–4 months 

 Common: GI symptoms,
rash, headache 

 $7,834  HSV- 2∼HSV-1
> VZV >> CMV 

 Uncommon: renal/CNS toxicity 

 Valacyclovir  1,000–2,000 mg po q8 h  Same as acyclovir  $4,551  HSV- 2∼HSV-1
>VZV >> CMV 

 Famciclovir  500 mg po q8 h  Common: headache,
GI symptoms, rash 

 $4,570  HSV-1 > HSV-2
> VZV 

 Ganciclovir  500 mg IV q12 h  Common: anemia, 
granulocytopenia, 
thrombocytopenia 

 $21,724  HSV-1 ∼ CMV
>> HSV-2, VZV 

 2–5 mg/0.1 ml IVT injection, 
three times per week 

 Uncommon: retinal detachment, 
hemorrhage, endophthalmitis 

 $3,891 

 Vitrasert surgical implant 
effective for Ð8 months 

 Uncommon: retinal detachment, 
hypotony, hemorrhage, 
endophthalmitis 

 $19,200 

 Valganciclovir  900 mg twice daily po for 
3 weeks induction, then 450 mg 
twice daily po for maintenance 

 Common: headache,
GI symptoms 

 $16,331  HSV-1 ∼ CMV
>> HSV-2, VZV 

 Serious: bone marrow 
suppression, anemia, renal 
dysfunction 

 Foscarnet  For CMV: 60 mg/kg every 8 h IV 
for 2–3 weeks; for HSV: 40 mg/
kg every 8 h IV for 2–3 weeks 

 Common: headache,
GI symptoms 

 $32,850  HSV- 
1∼ HSV-2 ∼
VZV > CMV  Uncommon: renal/CNS toxicity 

 2.4 mg/0.1 ml IVTT
injection, weekly 

 Uncommon: retinal detachment, 
hemorrhage, endophthalmitis 

 $1,460 

   a 120 days of treatment; medications alone. 2011 average wholesale price as of 13 February 2012. Estimated additional 
costs for outpatient infusion (∼$700/day) or inpatient hospital stay ($3,000–$5,000/day) are not included and may vary 
depending on the hospital institution and insurance status of the patient. Operating room, surgeon, and anesthesiologist 
fees not included  
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(35 %). A greater degree of visual loss in the 
VZV-ARN group compared with the HSV-ARN 
group was detected. Retinal detachment was 2.5- 
fold more commonly observed in VZV-ARN 
(62 %) compared with HSV-ARN (24 %). The 
eyes treated with ( n  = 56) intravitreal foscarnet 
had 40 % lower rate in retinal detachment than 
those without ( n  = 25) intravitreal treatment 
for VZV-ARN ( p  = 0.23). Intravitreal foscar-
net seemed to be a useful adjunct for the treat-
ment of ARN in order to lower the rate of retinal 
detachment. 

 All commercially available antiviral drugs to 
date are virostatic, and this explains the frequent 
relapses, particularly, in absence of antiviral pro-
phylaxis (Table  10.2 ).

10.1.1.2         Progressive Outer Retinal 
Necrosis 

   Defi nition 
 The designation of progressive outer retinal 
necrosis (PORN) generally describes patients 
with AIDS (CD4+ Tlymphocytes ≤50 cells/μl) 
or who are profoundly immunosuppressed. 

 PORN is a herpetic retinitis with less infl am-
mation and a more aggressive clinical course than 
ARN. It is thought to be the second most frequent 
opportunistic retinal infection in patients with 
AIDS in North America.  

   Etiology 
 PORN is thought to be a variant necrotizing 
herpetic retinopathy in immunocompromised 
patients. There is suffi cient evidence to identify 
VZV and HSV as causative factors of PORN. 
Very often, patients with PORN are infected with 
HIV (human immunodefi ciency virus) and gen-
erally have advanced AIDS.  

   Clinical Symptoms and Signs 
 PORN is characterized by a sudden necrotiz-
ing retinitis of the deep retinal layers, starting at 
the posterior pole and arranged in a multifocal 
 pattern. These infl ammatory spots have a marked 
tendency towards peripheral spreading and con-
fl uence. Unlike ARN syndrome, retinal vascu-
litis, infl ammatory reaction of the vitreous, and 
optic neuropathy are less common, particularly 
when associated with low Th-CD4+ cell counts. 

The frequent occurrence of retinal detachment 
and the marked resistance to antivirals make the 
visual prognosis extremely poor.  

   Differential Diagnosis 
 The differential diagnosis for PORN is similar to 
that of ARN. It is very important to differentiate 
these two disorders on the basis of precise crite-
ria, such as the pattern of distribution of retinal 
lesions, as well as the depth of the necrosis in the 
retinal layers (outer vs. full thickness), involve-
ment of posterior pole vs. midperiphery, and 
presence of vitritis and vasculitis.  

   Treatment 
 Since viral replication is less prone to be con-
trolled in patients affected by PORN syndrome, 
several combinations of intravenous and intra-
vitreal antivirals have been tried in order to stop 
the progression of the necrosis ([ 137 ] (EBM D 
3) and [ 284 ] (EBM D 3)), with little or even lack 
of evident effi cacy. However, aggressive therapy 
based on intravenous foscarnet or ganciclovir and 
intravitreal ganciclovir remains the mainstay of 
therapy ([ 82 ], (EBM:3, D)). Several papers have 
reported that combination of antiviral therapy 
and highly active antiretroviral therapy (HAART) 
may improve long-term visual outcomes for 
VZV-PORN (Ferente [ 137 ] (EBM D 4) and [ 284 ] 
(EBM D 4)). Corticosteroids generally must be 
avoided in order to prevent complications result-
ing from viral replication.    

 Core Message 

•     The lytic reaction caused by herpetic 
ocular infection is accompanied by sub-
sequent ocular infl ammation.  

•      The diagnosis is based on clinical typi-
cal fi ndings; recently, molecular tech-
niques such as PCR have been applied 
to ocular fl uids.  

•   Systemic antivirals are crucial in the 
control of viral replication. They should 
be used before corticosteroids.  

•   Antiviral prophylaxis is very important 
in preventing relapses.    

10 Posterior Uveitis
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10.1.1.3     Cytomegalovirus Retinitis 
   Defi nition 
 Cytomegalovirus (CMV) is a beta herpesvirus 
and contains double-stranded DNA. Commonly, 
CMV retinitis tends to occur in patients whose 
immune system has been signifi cantly depressed, 
such as HIV [ 23 ]. In 1997, Whitcup et al. [ 269 ] 
reported that CMV retinitis did not progress in 
patients receiving HAART, albeit they were not 
receiving any anti-CMV therapy.  

   Etiology 
 CMV reaches the retina via bloodstream and 
infects the vascular endothelium which then 
spreads to the retinal cells. Infected cells show 
the pathognomonic cytomegalic inclusions with 
intracellular, large, and eosinophilic bodies.  

   Clinical Symptoms and Signs 
 Patients present blurred vision with acute visual 
impairment. 

 Histopathology shows a full-thickness retinal 
necrosis, associated with coagulative vasculitis 
and choroiditis. The typical chorioretinal lesions 
observed in CMV retinitis include:
•    Hemorrhagic pattern which shows confl uent 

area of full-thickness retinal necrosis with a 
yellow-white granular appearance, called 
“pizza pie” (Fig.  10.3 )

•      “Brush-fi re” pattern showing a rapid spread-
ing of the CNV in the retinal tissue  

•   “Granular pattern” which presents areas of 
retinal atrophy surrounded by whitish granu-
lar punctate lesions    
 Vitreous involvement can be variable in all the 

different retinal patterns. 

 One of the most severe complications of CMV 
retinitis is rhegmatogenous retina detachment. 
Persistent cystoid macular edema can occur.  

   Differential Diagnosis 
 Although the diagnosis of CMV retinitis is preva-
lently based on clinical criteria, the similarities 
between CMV retinitis and alpha herpesvirus 
retinitis cannot be easily distinguished. In order 
to make a correct diagnosis, both aqueous and 
vitreal polymerase chain reaction (PCR) analysis 
of intraocular antibody synthesis can confi rm the 
diagnosis [ 245 ].  

   Treatment 
 The therapeutic approach to CMV retinitis is 
based on the patient’s immune status, which 
requires an interdisciplinary approach. 

 Up to date, ganciclovir represents the drug 
used as the fi rst line. The standard dose of 
 ganciclovir is 5 mg/kg intravenously every 12 h 
for 2 weeks followed by maintenance at 10 mg/
kg/day ([ 269 ], EBM: 1 + A). Neutrophil count 
should be maintained higher than 500/μl. 

 Foscarnet is also used, particularly for those 
patients who have a low neutrophil count. The 
standard dose is 90 mg/kg twice daily, followed 
by maintenance therapy with 90–120 mg/kg 
[ 269 ]. Serum electrolytes should be regularly 
monitored. 

 Besides the traditional systemic approach, 
an intraocular ganciclovir implant seemed to be 
superior to intravenous ganciclovir in a large 
randomized controlled trials of HIV-associated 
CMV retinitis in the era before HAART ([ 174 ], 
EBM: B, 2++]). Unfortunately, the limitation of 

a b  Fig. 10.3    Cytomegalovirus 
retinitis: “pizza pie” fundus 
( a ) before the treatment. 
Note the improvement of the 
clinical picture after the 
treatment with ganciclovir 
and steroids ( b )       
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the intraocular ganciclovir implant to prevent 
CMV disease in the fellow eye represented its 
failure. As an alternative, oral valganciclovir has 
been proven as effective as initial intravenous 
ganciclovir for 4 weeks followed by oral val-
ganciclovir. During the latter trial, most patients 
were also taking combination anti-HIV treat-
ment. As the ocular penetration of systemically 
administered anti-CMV drugs is limited, current 
clinical guidelines include consideration of intra-
ocular injection of anti-CMV drugs for patients 
who have sight-threatening CMV retinitis ([ 165 ], 
EBM: B, 2++).     

10.1.2     Human Immunodefi ciency 
Virus (HIV) Retinal 
Microvasculopathy 

10.1.2.1        Defi nition 
 Human immunodefi ciency virus (HIV)-1 is 
a single-strand RNA virus and represents 

the most widespread type of HIV within the 
 retrovirus family. 

 Until now, HIV infection remains a world-
wide diffused disease, with different preva-
lences depending on both socioeconomic and 
 geographic factors [ 189 ].  

10.1.2.2     Etiology 
 HIV can be sexually transmitted, even though 
intravenous and perinatal infections can occur. 
Incubation lasts approximately 3 weeks after 
which an acute retroviral syndrome can occur. 
Symptomatology includes fever, rash, myalgias, 
headaches, and gastrointestinal involvement. 
However, acute symptoms are not frequently 
observed. 

 Acquired immunodefi ciency syndrome 
(AIDS) is the most severe manifestation of 
immunodepression, secondary to the progres-
sive reduction of T-helper CD4+. AIDS typically 
leads to a signifi cantly higher risk of developing 
opportunistic infections, such as CMV retinitis, 
which can occur as soon as Th-CD4+ count is 
<50 cells/μl ([ 145 ] (EBM: B2++)). Other ocular 
opportunistic infections include syphilis, toxo-
plasmosis, tuberculosis, candidosis, herpes sim-
plex virus, and herpes zoster virus ([ 189 ] (EBM: 
C2+), [ 23 ] (EBM: B2++)).  

10.1.2.3     Clinical Symptoms and Signs  
 The most common ocular fi nding is retinal micro-
vasculopathy, which is characterized by small 
retinal hemorrhages and cotton-wool spots ([ 23 ] 
(EBM: B2++)). Up to date, pathophysiology has 
not been clearly demonstrated.  

10.1.2.4     Differential Diagnosis 
 HIV retinopathy should be differentiated from 
the cotton-wool spots observed in the dia-
betic retinopathy, as well as in the hypertensive 
retinopathy.  

10.1.2.5     Treatment 
 Up to date, there are no meta-analyses or sys-
tematic reviews of randomized clinical trials 
available about HIV-related retinal microvas-
culopathy. The clinical course of HIV infection 
has been dramatically reduced as soon as highly 

 Core Message 

•     CMV is a highly adapted opportunistic 
agent, which can induce a severe sight-
threatening retinitis.  

•   Although the diagnosis of CMV retinitis 
is based on clinical criteria, PRC of ocu-
lar fl uids is useful to detect the specifi c 
viral agent involved in the pathogenesis 
of the disease.  

•   For the treatment of CMV retinitis, the 
sustained- release ganciclovir implant is 
more effective than intravenous ganci-
clovir, but patients treated with a ganci-
clovir implant alone remain at greater 
risk for the development of CMV dis-
ease in the fellow eye ([ 245 ], EBM: B, 
2++).  

•   Orally administered valganciclovir 
appears to be as effective as intravenous 
ganciclovir for induction treatment and 
is convenient and effective for the long-
term management of cytomegalovirus 
retinitis in immunocompromised 
patients ([ 269 ], EBM: B, 2++).    
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active antiretroviral therapy (HAART) has been 
introduced. Unfortunately, the availability of 
HAART is limited in developing countries. The 
treatment of HIV-related retinopathy is substan-
tially not indicated ([ 23 ] (EBM: B2++)).    

10.1.3     Other Viral Uveitis 

10.1.3.1     West Nile Virus 
   Defi nition 
 West Nile virus (WNV) is a zoonotic disease 
most often transmitted to humans by an infected 
Culex mosquito vector where wild birds serve as 
a vector. It is an enveloped single-stranded RNA 
fl avivirus, member of the Japanese encephalitis 
virus serocomplex [ 87 ]. The disease has its peak 
in late summer.  

   Clinical Symptoms and Signs 
 About 80 % of human infections are apparently 
asymptomatic and the remaining 20 % become 
symptomatic manifesting almost always a self- 
limited febrile illness. The symptoms include 
high-grade fever, myalgia, arthralgia, malaise, 
nausea, headache, skin rash, weakness, and phar-
yngitis [ 13 ]. The acute illness typically lasts less 
than a week. 

 Since fi rst described in 2002, several forms 
of ocular involvement have been recognized. 
Multifocal chorioretinitis [ 132 ], typically bilat-
eral, with specifi c clinical and angiographic fea-
tures is the most common fi nding, occurring in 
almost 80 % of patients with acute WNV infec-
tion. An associated mild to moderate vitreal 
infl ammation is observed. Chorioretinal lesions 
involve the midzone and periphery in almost all 
eyes. The posterior pole is involved in nearly two-
third of the eyes. Active lesions appear circular 
and creamy in ophthalmoscopy associated by 
early hypofl uorescence and late staining in fl uo-
rescein angiography. Their size is variable. The 
linear cluster arrangement that the lesions take is 
a prominent feature. These streaks are typically 
oriented radially in the nasal and peripheral fun-
dus or arranged in a curvilinear pattern in the tem-
poral posterior fundus [ 131 ] (Fig.  10.4 ). ICGA 
tends to denote more choroidal lesions than those 
appreciated by fl uorescein  angiography. Diabetes 

 Core Message 

•     Retinal microvasculopathy is the most 
common ocular manifestation that does 
not require treatment.  

•   A signifi cant higher risk of developing 
opportunistic infections when Th-CD4+ 
count is <50 cells/μl.  

•   The clinical course of the disease has 
been dramatically improved since 
HAART was introduced.    

a b

  Fig. 10.4    Red-free fundus photograph ( a ) and fl uores-
cein angiogram ( b ) of the left eye of a 64-year-old dia-
betic woman with West Nile virus infection show inactive 

multifocal chorioretinitis with a typical linear clustering 
of chorioretinal lesions. Note the presence of retinal arte-
rial sheathing ( a ) and diabetic macular edema       
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mellitus appears being a risk factor for WNV-
associated chorioretinitis [ 134 ].

   Other ophthalmic manifestations include reti-
nal hemorrhages, vascular sheathing and leakage, 
and occlusive vasculitis. Optic nerve involvement 
includes optic neuritis and optic disk swelling 
and staining [ 280 ].  

   Differential Diagnosis 
 The differential diagnosis of WNV systemic 
disease includes herpesvirus encephalitis, CNS 
involvement by legionella   , rickettsioses, Epstein-
Barr virus, hypertensive encephalopathy, and 
enteroviral aseptic meningitis.    While the ocular 
involvement  can enter  in the differential diagno-
sis of syphilis, TBC, histoplasmosis, sarcoidosis, 
and idiopathic multifocal chorioretinitis.  

   Treatment 
 At present, there is no proven treatment for 
WNV infection ([ 87 ], EBM: C, 2-). Specifi c 
ophthalmic treatment such as topical steroids 
for anterior uveitis, peripheral retinal photo-
coagulation due to occlusive vasculitis, pars 
plana vitrectomy for vitreal hemorrhages or 
retinal detachment, and photodynamic therapy 
and anti-VEGF for choroidal neovasculariza-
tion may be required in these specifi c situations 
([ 226 ], EMB: 3, D).    

10.1.3.2     Dengue Fever 
 Dengue fever (DF) is caused by any of the four 
immunologically related serotypes of the dengue 
virus, which belong to the genus  Flavivirus  of the 

family Flaviviridae. It is transmitted through the 
bite of an infected female  Aedes aegypti / Aedes 
albopictus  mosquito. 

 DF is considered to be one of the most impor-
tant arthropod borne disease in the tropical and 
subtropical regions, being endemic in more than 
100 countries, including America, Southeast 
Asia, Western Pacifi c, Africa, and the Eastern 
Mediterranean [ 276 ]. 

   Clinical Presentation 

   Systemic Disease 

 The incubation period for DF varies from 3 to 
14 days. The initial infection may be asymptom-
atic, may result in a nonspecifi c febrile illness, or 
may produce features of classic DF including sud-
den onset of high fever, severe headache, myalgias, 
arthralgias, nausea, vomiting, and a maculopapular 
rash. The majority of DF cases are self-limiting. A 
small proportion of affected patients may develop 
life-threatening dengue hemorrhagic fever syn-
drome, which is characterized by increased cap-
illary permeability and hemostatic disturbances, 
or dengue shock syndrome, which is character-
ized by severe systemic hypotension. DF is often 
associated with a bleeding tendency secondary to 
thrombocytopenia [ 53 ,  107 ].  

   Ocular Disease 
 The ocular involvement was found to occur in 
10 % of patients hospitalized for serologically 
confi rmed DF. It usually occurs within one month 
after onset of symptoms of DF and is often bilat-
eral. A subconjunctival hemorrhage, petechial in 
type and associated with a platelet count of less 
than 50,000/μl, was the most common ocular 
manifestation in an East Indian population with 
DF [ 133 ]. Numerous posterior segment changes 
have been associated with DF including retinal 
hemorrhages, retinal vasculitis, yellow subreti-
nal dots, retinal pigment epithelial mottling, and 
foveolitis, seen clinically as a round yellow-
ish lesion at the fovea with corresponding focal 
outer neurosensory retina-retinal pigment epithe-
lium thickening on OCT. Other fi ndings include 
 macular edema, serous retinal detachment,  retinal 
vascular occlusion, choroidal changes, optic disk 

 Core Message 

•     The most common intraocular fi nding 
of West Nile virus is the bilateral multi-
focal chorioretinitis which is frequently 
self-limited and asymptomatic in the 
majority of patients where the CNS is 
affected.  

•   Multifocal chorioretinitis manifests a 
unique pattern which is helpful for 
diagnosis.    
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swelling, optic neuritis, and neuroretinitis [ 53 , 
 58 ,  62 ,  67 ,  125 ,  127 ,  150 ,  237 ]. 

 Dengue-associated ocular disease usually has 
a self-limited course, with a signifi cant improve-
ment of visual acuity in 2–4 weeks. However, 
persistent visual impairment may occur in a sub-
set of patients with maculopathy or neuropathy 
[ 58 ,  62 ,  150 ].   

   Laboratory Diagnosis 
 Within the fi rst 2 days of fever, diagnosis is possi-
ble only by detecting the virion, RNA, or dengue 
proteins, such as nonstructural protein 1 (NS1). 

 Detection of newly formed antibodies (IgM) 
usually is not possible until after viremia ends 
or after fever subsides [ 270 ]. MAC-ELISA has 
become a widely used assay but seems to have 
a high rate of false-positive results [ 260 ]. Other 
tests, including immunochromatographic assay 
[ 33 ], complement fi xation, neutralization test, 
hemagglutination inhibition, and IgG enzyme-
linked immunosorbent assay (ELISA), are also 
helpful to confi rm the diagnosis of DF [ 260 ]. 

 Apart from the dengue-specifi c parameters, 
platelet count should be performed.  

   Treatment 
 To date, there is no specifi c treatment available 
for dengue virus infection. Any medicine that 
decreases the platelet level should be avoided 
([ 107 ] EBM:C4, [ 58 ] EBM:D3). In cases of den-
gue hemorrhagic fever, hospitalization, prompt 
treatment with intravenous fl uids, and close 
monitoring of vital signs, as well as hematologic 
parameters, are indicated ([ 107 ] EBM; C4). 

 There is no established treatment for ocular 
manifestations of DF. Topical, periocular, oral, 
and intravenous steroids, as well as intravenous 
immunoglobulins, have been advocated for the 
management of dengue ocular complications, 
based on the postulated immune-mediated patho-
genesis of the disease. Indications for treatment 
may include dengue-associated uveitis and optic 
neuritis, visual acuity worse than 20/40, and 
deterioration of vision ([ 133 ] EBM:D 4, 58). 
Preventive measures by avoiding contact with 
infected mosquitoes are required to decrease the 
infection incidence. Vaccines targeting all the 

four serotypes of dengue virus hopefully will 
be available in the near future ([ 57 ] EBM C 2+, 
[ 240 ] EBM C 2+).    

10.1.3.3     Chikungunya 
 Chikungunya virus is a single-stranded RNA virus 
of the genus  Alphavirus  in the family Togaviridae 
which is transmitted to humans by the bite of 
infected  Aedes  mosquitoes ( A. aegypti  and  A. 
albopictus ). Since its fi rst isolation in Tanzania 
in 1953, the virus has been associated with many 
epidemics in tropical regions of Africa, India, 
Southeast Asia, and South America. The infec-
tion which is endemoepidemic typically consists 
of an acute illness with fever, severe arthralgia, 
and skin rash [ 205 ]. 

   Clinical Presentation 

   Systemic Disease 

 The incubation period ranges from 1 to 12 days, 
with an average of 2–4 days. Onset of the dis-
ease is abrupt and is characterized by high fever, 
severe arthralgia, and myalgia, along with head-
ache and skin rash. Asymptomatic infections are 
rare (3–25 % of serologically proven infections) 
[ 47 ]. The debilitating polyarthralgia is very char-
acteristic of chikungunya. Skin lesions may be 
seen in almost one-half of the patients. A prurigi-
nous maculopapular rash, lasting for 2–3 days, 
is the most common feature [ 43 ,  202 ]. Rarely, 
severe infection associated with multiorgan fail-
ure, central neurological involvement, neonatal 
infection, and death occur [ 43 ,  202 ].  

   Ocular Disease 
 Ocular manifestations associated with chikungu-
nya may be concomitant of the systemic  disease or 

 Core Message 

•     Dengue occurs in 10 % of patients hos-
pitalized for serologically confi rmed 
DF.  

•   Ocular involvement can present differ-
ent clinical patterns.  

•   Treatment is still controversial.    
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may follow its resolution [ 133 ]. Ocular involve-
ment can be unilateral or bilateral. Acute anterior 
uveitis and retinitis are the most common ocular 
fi ndings in chikungunya. The anterior uveitis is 
nongranulomatous or granulomatous and can be 
associated with increased intraocular pressure. 
Posterior synechiae are not common [ 133 ,  172 ]. 
The clinical course is typically benign. 

 Chikungunya retinitis presents in the form of 
areas of retinal whitening in the posterior pole 
with surrounding retinal and macular edema 
and associated mild vitritis [ 133 ]. FA usually 
shows early hypofl uorescence and late hyper-
fl uorescence of retinal lesions, along with focal 
areas of retinal vascular leakage and capillary 
non- perfusion [ 133 ]. OCT reveals increased 
refl ectivity in the nerve fi ber layer zone with 
aftershadowing corresponding to the areas of ret-
initis. It also helps in the detection and evaluation 
of associated retinal edema and exudative retinal 
detachment. Retinitis resolves gradually over a 
period of several weeks. 

 Other ophthalmic manifestations of chikun-
gunya have been reported including conjuncti-
vitis, episcleritis, keratitis, panuveitis, multifocal 
choroiditis, optic neuritis, neuroretinitis, central 
retinal artery occlusion, exudative retinal detach-
ment, panophthalmitis, lagophthalmos, and sixth 
nerve palsy [ 133 ,  171 ]. 

 Chikungunya-associated ocular disease is 
usually self-limiting, with most patients recover-
ing good vision. However, permanent visual loss 
may occur mainly due to optic neuropathy.   

   Laboratory Diagnosis 
 In the acute phase of illness, diagnosis is based on 
the detection of viral nucleic acid in serum sam-
ples by RT-PCR, isolation of the virus, or detec-
tion of an antibody response. After resolution of 
the acute disease, the diagnosis is confi rmed by 
the presence of an immune response. RT-PCR 
can detect viral nucleic acid from one day before 
onset of symptoms, up to day 7 after the begin-
ning of the disease. Antigen capture ELISA may 
detect viral antigens as early as day 2 after onset. 
Indirect immunofl uorescence and ELISA are 
rapid and sensitive techniques for the screening 
of IgM or IgG immune reaction. IgM antibody 

and IgG antibody response have been described 
to begin both by day 2 after onset [ 246 ].  

   Treatment 
 Nonsteroidal anti-infl ammatory drugs are cur-
rently recommended for chikungunya-induced 
arthralgia. Ribavirin and interferon α may inhibit 
viral replication ([ 45 ] EBM C 2+), but further 
studies are needed to assess their effi cacy in 
humans. Another potential treatment for chi-
kungunya is chloroquine, but results of different 
studies have been inconclusive ([ 44 ] EBM C 2-, 
[ 69 ] EBM C 2 +). 

 Topical steroids and cycloplegic agents are 
used for anterior uveitis. Associated ocular hyper-
tension is managed with topical beta- blockers 
and oral or topical carbonic anhydrase inhibi-
tors. Systemic steroids may be used to control 
the infl ammation in posterior uveitis, panuveitis, 
and optic neuritis ([ 133 ] EBM D 3). The use of 
acyclovir in association with corticosteroids has 
been described in some cases of chikungunya 
retinitis [ 133 ], but its effi cacy remains doubtful. 
Efforts are to be made to prevent transmission of 
the virus and to develop effi cient and safe vac-
cines against chikungunya ([ 47 ] EBM D 3).     

10.1.4     Posterior Uveitis: Bacterial 
Infections 

10.1.4.1     Intraocular Tuberculosis 
   Defi nition 
 Intraocular infl ammation associated with 
 Mycobacterium tuberculosis  [ 29 ].  

   Etiology 
 This condition is caused by dissemination of  M. 
tuberculosis  to ocular tissues, from the lung. The 

 Core Message 

•     Ocular involvement in chikungunya can 
occur after the systemic disease.  

•   Ocular chikungunya can present various 
clinical patterns.  

•   No valid treatment is available at this 
time.    
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exact sequence of events is not known. However, 
there is histopathologic and molecular (poly-
merase chain reaction, PCR) evidence of the pres-
ence of this organism in the diseased eyes [ 258 ].  

   Clinical Symptoms and Signs 
 Intraocular tuberculosis can affect virtually 
every tissue in the eye. The clinical manifes-
tations can be broadly classifi ed as follows 
(Adapted from Ref. [ 29 ]):
    1.    Anterior uveitis
   Granulomatous, nongranulomatous, iris nodules, 

and ciliary body tuberculoma      
   2.    Intermediate uveitis granulomatous   
   3.    Posterior and panuveitis
   Choroidal tubercle  
  Choroidal tuberculoma  
  Subretinal abscess  
  Multifocal serpiginoid choroiditis (previously 

called serpiginous-like choroiditis)      
   4.    Retinitis and retinal vasculitis   
   5.    Neuroretinitis and optic neuropathy   
   6.    Endophthalmitis and panophthalmitis    

  In a high endemic population, the following 
clinical signs were statistically found to be pre-
dictive of intraocular tuberculosis, in patients 
with latent or manifest systemic tuberculosis 
([ 104 ], EBM: C, 2+):
•    Broad-based posterior synechiae  
•   Retinal vasculitis with or without choroiditis 

patches overlying the blood vessels (Fig.  10.5 )
•      Multifocal serpiginoid choroiditis    

 Infectious multifocal serpiginoid choroiditis: 
It is a form of superfi cial choroiditis characterized 
by multifocal lesions (Fig.  10.6 ) that are noncon-
tiguous to the optic disk and show serpiginoid or 
ameboid spread ([ 26 ,  101 ], EBM:C, 2+). Lesions 
are often bilateral and have associated vitreous 
infl ammation. The fovea is usually spared result-
ing in good fi nal visual acuity. Fundus auto-
fl uorescence (FAF) and spectral domain optical 
coherence tomography (SD-OCT) are useful 
in following disease activity during the course 
of the disease. FAF usually shows hyperauto-
fl uorescence with ill-defi ned halo in acute stage 
with gradual stippling and progressive hypoauto-
fl uorescence as the lesions heal [ 102 ]. SD-OCT 
shows increased refl ectivity from outer retinal 
layers in the acute stage followed by knobbly 

 elevations in the outer retina and fi nally outer ret-
inal atrophy and increased choroidal refl ectivity 
[ 24 ]. Such lesions may also be observed in her-
petic viral infections and syphilis in  tuberculosis 
non-endemic regions [ 101 ].

   Infectious multifocal serpiginoid choroidi-
tis needs to be distinguished from classical ser-
piginous choroiditis that is seen in non-endemic 
populations and is characterized by large, peri-
papillary lesions that are rarely multifocal or 
associated with vitritis [ 101 ,  175 ].  

   Diagnosis 
 Currently, intraocular tuberculosis is mostly 
diagnosed based on characteristic clinical signs 
(mentioned above), associated ancillary tests 

  Fig. 10.5    Tubercular retinal vasculitis showing perivas-
cular exudation and hemorrhages, associated with active 
chorioretinitis patch overlying the blood vessel       

  Fig. 10.6    Multifocal serpiginoid choroiditis showing 
multifocal areas of healed and active choroiditis       

 

 

P. Neri et al.



173

(immunologic and radiological), and exclusion 
of other disease entities – infectious and nonin-
fectious – that may have similar clinical presenta-
tion, in a given geographic region [ 29 ]. 

 Immunologic tests include the tuberculin skin 
test (TST) and interferon-gamma release assays 
like the QuantiFERON-TB Gold test (QFT) and 
the T-SPOT test. Current evidence shows that 
while TST is more sensitive [ 278 ], QFT and 
T-SPOT are more specifi c for the diagnosis of 
presumed ocular tuberculosis ([ 11 ,  12 ], EBM: C, 
2+). TST and T-SPOT test should be the investi-
gation of choice in high and low endemic popula-
tions, respectively ([ 12 ], EBM:C, 2+). 

 However, the absence of systemic evidence 
of tuberculosis (immunologic and radiological) 
needs to be interpreted with caution while diag-
nosing intraocular tuberculosis. In a large series 
of 42 cases of histopathologically proven cases of 
ocular tuberculosis, 40 % of tested patients had 
negative TST and 57 % had normal chest radio-
graph [ 258 ]. Thus, there is a need for defi nitive 
diagnosis of this condition. PCR (including its 
modifi cations – quantitative and multi-target) has 
shown promising results, but there is insuffi cient 
evidence regarding its role in clinical practice.  

   Differential Diagnosis 
 The key to diagnosis of ocular tuberculosis in the 
current scenario lies in exclusion of other disease 
entities (infectious and noninfectious), found in 
a given geographic region that can mimic ocu-
lar tuberculosis. Therefore, the list of differential 
diagnosis depends on the specifi c clinical presen-
tation and geographic location. Since tubercu-
losis can affect virtually every ocular tissue, the 
differential diagnosis can include nearly every 
ocular infl ammatory condition except morpho-
logically distinct entities like toxoplasma retino-
choroiditis or viral retinitis.  

   Treatment 
 Treatment of ocular tuberculosis requires a 
combination of antimicrobial/antituberculosis 
therapy (ATT) and anti-infl ammatory therapy 
(usually corticosteroids). In a large series of 
360 patients, those treated with ATT had a sig-
nifi cantly reduced rate of recurrent infl ammation 
(15.74 %) compared to those treated only with 

corticosteroids (46.53 %) ([ 22 ], EBM: C, 2+). 
ATT should be administered in consultation with 
a pulmonologist or infectious disease specialist. 
According to the Centers for Disease Control 
and Prevention (CDC) guidelines, ATT should 
be given for a minimum of 6 months in total – 
2 months of four-drug therapy (isoniazid 5 mg/
kg daily, rifampicin 450 mg daily, pyrazinamide 
30 mg/kg daily, and ethambutol 15 mg/kg daily) 
followed by a 4-month continuation phase of iso-
niazid and rifampicin ([ 9 ], EBM: 1+, A). Many 
authors have suggested a longer duration for the 
continuation phase, citing slow response to the 
drug in intraocular tuberculosis [ 10 ,  29 ]. It was 
found that those receiving >9 months ATT were 
signifi cantly less likely to develop recurrence 
compared to those not receiving ATT ( p  = 0.027). 
However, the reduction in recurrence compared 
to other ATT durations (<6 months, 6–9 months) 
was not statistically signifi cant ([ 10 ], EBM: C, 
2-). Patients on ATT need to be monitored for 
ocular and systemic side effects. Ocular side 
effects include optic neuritis (ethambutol, espe-
cially if used >15 mg/day for >2 months, and 
rarely, isoniazid) and anterior uveitis (rifabutin). 

 Concomitant corticosteroid therapy is vital to 
control the infl ammatory tissue damage caused 
by delayed-type hypersensitivity to  M. tubercu-
losis . The importance of corticosteroid therapy 
can be judged from its role in the management of 
continued progression or paradoxical worsening 
of ocular infl ammation that is occasionally seen 
after initiation of ATT for intraocular tuberculo-
sis [ 100 ]. Such paradoxical worsening usually 
occurs in the initial 4–6 weeks after initiation of 
ATT and needs to be differentiated from various 
causes of treatment failure like drug resistance, 
reinfection, or missed diagnosis [ 25 ]. The mode 
of corticosteroid therapy (topical, periocular, 
intraocular, or systemic) depends on the degree 
and primary site of infl ammation.  

   Future Directions 
     1.    Defi nitive diagnosis based on PCR: Various 

modifi cations of PCR including quantitative 
PCR and multi-target PCR (targeting multiple 
gene sequences) are being applied to address 
the key challenge of low sensitivity of this 
technique [ 22 ].       
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10.1.4.2     Syphilis 
   Defi nition 
 Syphilis is a sexually transmitted disease 
caused by the spirochete  Treponema pallidum . 
In acquired syphilis, the bacterium enters the 
body through small abrasions on the skin or the 
mucous membranes, mainly the genitals and 
mouth. If the condition is left untreated, it will 
progress through four stages with harmful effects 
in the major organs such as the heart and brain. 
Vertical transmission through the placental route 
is also possible but much less frequent, giving 
rise to congenital syphilis if the fetus survives.  

   Clinical Signs and Symptoms 

   Acquired Syphilis: Systemic Signs 
   Primary Syphilis 

 The main sign is the genital chancre which 
appears 3 weeks after infection (an ulcer-
ated painless lesion) associated with regional 
lymphadenopathy.  

   Secondary Syphilis 
 It appears 6 weeks after the appearance of the 
chancre and is characterized by fl u-like illness, 
by maculopapular skin rash (mainly on soles and 
palms), and rarely by symptomatic or asymptom-
atic meningitis.  

   Latent Stage 
 This stage is divided into early and late latent. 
During this stage, the clinical disease is not 
detectable.  

   Tertiary Syphilis 
 At this stage, syphilis may present with 
“gumma,” a small, rubbery granuloma with a 
necrotic center often located in the liver but also 
in the brain, heart, skin, and other tissues, lead-
ing to cardiovascular syphilis (aortitis and aor-
tic aneurysms) and/or as neurosyphilis. In the 
late phase, neurosyphilis results in parenchymal 
lesions leading to encephalitis, stroke, tabes 
dorsalis, and Argyll- Robertson pupil, among 
other clinical fi ndings. 

 Congenital syphilis can present during 
childhood and is divided into an early phase 

characterized by mucocutaneous lesions and 
osteochondritis and a late phase with the  classic 
triad of Hutchinson keratitis, Hutchinson  incisors, 
and eight nerve deafness.

 Stages  Clinical fi ndings 

 Primary 
syphilis 

 The initial clinical manifestation is the 
primary chancre 
 Usually painless, which distinguishes it 
from other causes of genital ulcers: herpes 
simplex (genital herpes) and  Haemophilus 
ducreyi  (chancroid) 
 Often heals without treatment over a 
period of a few weeks 

 Secondary 
syphilis 

 Untreated disease, approximately 25 % of 
patients will go on to develop systemic 
symptoms: rash, fever, headache, malaise, 
diffuse lymphadenopathy, alopecia 

 Latent 
syphilis 

 Latent syphilis refers to patients without 
symptoms who have positive serologic 
testing for syphilis 
  Early latent: <1 year 
  Late latent: >1 year 

 Tertiary 
syphilis 

 Clinical manifestations that may occur 
1–30 years after infection when the 
infection is not treated 

       Ocular Signs 

   Syphilitic Posterior Segment 
Involve ment 

 Ocular syphilis manifests itself in the secondary 
and tertiary stage of syphilis. It often affects the 
eye as anterior granulomatous uveitis (mutton-fat 
KPs at the corneal endothelium, iris nodules) but 
may involve any other ocular structure. Because 
of its very variable presentation, syphilis earned 
the label as “great mimicker.” Posterior pole man-
ifestations vary ([ 122 ], EBM: 4, C). Unlike other 
infectious agents, treponemas have an affi nity for 
all ocular layers including the posterior pole. 

 Deep chorioretinitis is the most common man-
ifestation, with lesions, that can be divided into 
focal or multifocal lesions often located at the 
posterior pole. Focal lesions are often associated 
with serous retinal detachment and a signifi cant 
degree of vitreous infl ammation. Fluorescein 
angiography (FA) shows early hypofl uorescence 
followed by late staining of the lesions. 
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 Acute syphilitic posterior placoid chorioreti-
nitis (ASPPC, Fig.  10.7 ) is a specifi c, uncommon 
entity described by Gass, associated with plac-
oid subretinal lesions at the level of the RPE and 
not infrequently associated with a retinal detach-
ment in which macular pseudohypopyon can be 
observed ([ 77 ], EBM: 2++, B). FA shows typical 
leopard-spot pattern in the cicatricial phase of the 
lesions.

   Syphilis may also manifest as a necrotiz-
ing retinitis, a severe condition associated with 
yellow- white patches of necrosis, retinal vascu-
litis, and vitritis, which can easily be confused 
with ARN. 

 Optic nerve involvement often occurs with 
minimal or no anterior segment infl ammation. It 
often spills over into the retina being associated 
with either vasculitis, or focal areas of retinal 
edema. Untreated, it can lead to optic atrophy. 

 More peripheral involvement presenting as 
intermediate uveitis has been described, fre-
quently associated with cystoid macular edema, 
vasculitis, and “hot disk.” Pars plana exudates are 
characteristically absent. 

 The diagnostic approach offers the nonspe-
cifi c tests which suffer a low level of sensitivity 
as compared to the high level of sensitivity and 
specifi city offered by the specifi c tests.  

   Syphilis and HIV 

 The association between syphilis and HIV is 
quite common as both are sexually transmitted 
diseases. The frequency is suffi ciently high that in 
the presence of one infection, one should always 
consider the presence of the other. However, the 
clinical presentation of syphilis does not appear 
to be altered by the presence of HIV and is not 
correlated with the severity of immune compro-
mise. While the presentation may be similar to 
that in immunocompetent patients, relapses are 
more frequent, as is bilaterality. Patients with 
HIV infection may have a higher prevalence of 
posterior uveitis ([ 256 ], EBM: 2++ B), which 
may present in as a more severe and atypical 
form. Treatment will require more prolonged 
therapy with higher doses of antibiotics. Analysis 
of cerebrospinal fl uid (CSF) should be performed 
in all patients with ocular syphilis due to a high 
prevalence of neurosyphilis and a poor sensitivity 
of systemic antibody titers in this patient popula-
tion [ 144 ].    

   Treatment 
 In the presence of ocular involvement, all ocu-
lar manifestations of the infection should be 
treated as neurosyphilis. Intravenous penicillin 
G or procaine penicillin G 18–24 (MU) daily 

a b

  Fig. 10.7    Acute syphilitic posterior placoid chorioretini-
tis (ASPPC) characterized by placoid, yellowish subreti-
nal lesions at the level of the RPE ( a ), associated with 

papillitis. Fluorescein angiography: note the correspond-
ing staining of the dye at the late phases of the angiogram 
( b ), with an evident hot disk       
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plus  probenecid for 10–14 days should be given, 
followed by IM procaine penicillin G, 2.4 MU 
weekly for 3 weeks ([ 144 ] (EBM:1++, A), [ 50 ] 
(EBM: 2++, B)). For patients with tertiary stage 
ocular syphilis, a three-week course of benza-
thine penicillin should be added to the above 
regimen. In patients allergic to penicillin, ceftri-
axone can be used instead. 

 Systemic corticosteroids can be used in com-
bination with antibiotic therapy. If not used ini-
tially, vision and the severity of the infl ammatory 
response need to be carefully monitored as a 
Jarisch-Herxheimer reaction can occur in severe 
enough cases where the use of steroids would be 
the preferred course of action ([ 130 ] (EBM:3, D), 
[ 254 ] (EBM:3, D)).    

10.1.4.3    Ocular Leptospirosis 
   Defi nition 
 Leptospirosis is a zoonosis caused by spirochetes 
of the genus  Leptospira , whose natural reser-
voir is wild animals, mostly rodents and cattle. 
Initially, it was described by Adolf Weil in 1886 
as a condition characterized by acute fever, mal-
aise, and uveitis.  

   Etiology 
 Humans are accidental hosts, acquiring the dis-
ease by the contact with infected urine, tissues, 
or water. The disease can be considered occupa-
tional, infecting mostly farmers, veterinarians, 
and abattoir workers. It has the potential to occur 
both as epidemic outbreaks and as endemic dis-
ease, in tropical and temperate climates.  

   Clinical Symptoms and Signs 
 Leptospirosis is a multisystem disorder, charac-
terized by a broad spectrum of illness ranging 
from subclinical illness to either a self-limited 
anicteric systemic illness (quasi 90 % of affected 
subjects) or a severe icteric septicemic illness 
associated with renal failure, liver failure, and 
pneumonitis with hemorrhagic diathesis. It is a 
biphasic disease with an initial septicemic phase 
followed by defervescence and the immune 
phase of illness. The most severe presentation 
that may develop after the initial leptospiremic 
phase is Weil’s disease, which is associated with 
impaired liver and kidney function. Mortality 
rates in these patients range from 5 to 40 % 
([ 192 ] (EBM:2+)). 

 Ocular manifestations are seen in both the 
acute leptospiremic and immune phases of the 
illness. In the former phase, the most promi-
nent fi ndings are conjunctival chemosis and 
scleral icterus, while in the latter phase, there 
is a myriad of ocular signs such as interstitial 
keratitis iritis, hypopyon, cataract, membranous 
vitreous opacities, and retinal vasculitis; mean-
while, the most important systemic features of 
this immune phase are meningitis and lepto-
spiruria. In leptospiral uveitis, hypopyon is the 
primary expression of the intraocular infl amma-
tion. Nongranulomatous uveitis is the hallmark 
of leptospiral uveitis.  

   Differential Diagnosis 
 It includes Behcet’s disease, HLA-B27- associated 
anterior uveitis, sarcoidosis, syphilis, toxoplas-
mosis, ARN, and endogenous endophthalmitis.  

   Treatment 
 Systemic leptospirosis has raised several contro-
versies regarding antimicrobial treatment. 

 Core Message 

•     Syphilis is a sexually transmitted dis-
ease caused by the spirochete  Treponema 
pallidum .  

•   Ocular disease is characterized by a 
chronic granulomatous infl ammation 
involving various ocular structures.  

•   The most common eye manifestations 
are anterior uveitis, necrotizing retinitis, 
retinal vasculitis, panuveitis, and inter-
mediate uveitis.  

•   Because of its highly variable presenta-
tion and good treatment response, syph-
ilis has always to be included in the 
differential diagnosis of any type of 
uveitis.  

•   Syphilis is a treatable infection – espe-
cially in its primary and secondary 
stages – but is more diffi cult to manage 
in its tertiary stage.    
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 Despite a lack of evidence of the utility of 
antibiotic therapy for leptospirosis, penicillin, 
cephalosporins, and doxycycline are the com-
monly employed therapies in the management of 
leptospirosis. Despite its higher cost, interest in 
azithromycin against  Leptospira  spp. is increas-
ing due to its broad activity against confounding 
pathogens, low mean inhibitory concentration 
(MIC), and fewer mild adverse events [ 286 ,  287 ].  

 For mild infection, doxycycline 100 mg po bid 
can be used for 7 days, amoxicillin 50 mg po q6 h 
   for 7 days, and ampicillin 500–750 mg po q6 h 
for 7 days. 

    For moderate to severe infection, penicillin G 
1.5 million UI IV q6 h can be used for 10 days, 
ampicillin 0.5–1 g q6 h for 10 days, and ceftriax-
one 1 g IV qd for 10 days. For    severe uveitis or 
neurological abnormalities or arthritis, ceftriax-
one 2 g/day for 14–21 days ([ 78 ] (EBM:1+, B), 
[ 209 ] (EBM:2++, B), [ 42 ] (EBM:1-)) is given. 

 Corticosteroids are the mainstay of treatment 
for leptospiral uveitis. In unilateral panuveitis, 
   sub-Tenon depot corticosteroids can be used, 
while in bilateral panuveitis, oral corticosteroids 
can be employed.           

10.1.4.4    Lyme Disease 
   Defi nition 
  Lyme borreliosis  is a bacterial infection caused 
by  Borrelia burgdorferi . The spirochete is 
 transmitted through the bite of infected ticks. The 
diagnosis is based on clinical history and exami-
nation and can be supplemented by laboratory 
investigations.  

   Etiology 
 The disease was described in 1977 by Steere 
et al., who described a group of children present-
ing with infl ammatory arthropathy similar to that 
in juvenile rheumatoid arthritis. This entity was 
labeled “Lyme disease” after the town of Lyme, 
Connecticut [ 35 ,  170 ]. A characteristic rash was 
associated with the disease, labeled as erythema 
chronicum migrans often associated with severe 
headaches. Erythema migrans is the most com-
mon clinical presentation. Ocular involvement 
is uncommon and occurs mainly in the second 
and late stages of the disease. The causative agent 
was later identifi ed by Burgdorfer, who described 
the spirochete in the midgut of the Ixodes tick. 
The hosts (deer and small rodents) and the Ixodes 
tick often thrive in the climates of the endemic 
regions such as northern Asia, Europe, and North 
America.  

   Clinical Signs and Symptoms 
 The disease is divided into stages ([ 118 ] (EBM: 
A+)). During early infection, it can be identifi ed 
as the fi rst (local) stage which appears a few days 
after the tick bite and includes erythema migrans 
(bull’s eye), fever, and arthralgias. However, 
20–40 % of patients never develop a skin rash. 

 This is followed by the second (disseminated) 
stage during which the organism spreads to mul-
tiple organ systems. Particularly the skin, heart 
(associated with atrioventricular block), joints 
(associated with mono- or oligo-arthropathy), 
and nervous system are affected. Neurological 
involvement is frequently associated with 
palsies of the cranial nerves and meningitis. 
“Lymphocytoma benigna” is a bluish lesion 
occurring at the earlobes and nipple region. 

 The third or late (persistent) stage occurs 
after a disease-free period (months to years). 

 Core Message 

•     Leptospirosis is a zoonotic waterborne 
infection commonly classifi ed as a trop-
ical disease that mainly affects young 
and middle-aged men.  

•   It has a wide-ranging clinical and public 
health impact, in particular, in develop-
ing countries with a broad variety of 
clinical manifestation and signifi cant 
mortality rate.  

•   MAT is considered as a gold standard 
diagnostic test.  

•   The most important intraocular clinical 
manifestations are nongranulomatous 
panuveitis, papillitis, and vitritis. 
Despite the lack of evidence, utility of 
antibiotic therapy is common, whereas 
corticosteroids are the mainstay of treat-
ment for ocular involvement.    
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Recurrent manifestations are the hallmark of 
this stage and include chronic relapsing arthritis 
mainly affecting the knee, acrodermatitis chron-
ica atrophicans, chronic encephalopathy associ-
ated with cognitive dysfunction, and peripheral 
neuropathies.  

   Ocular Manifestations 
 Ocular manifestations are rare in patients with 
Lyme disease and can involve any of the ocu-
lar structures. Conjunctivitis is the most com-
mon fi nding, present in 11 % of patients with 
early disease. Episcleritis may occasionally be 
found with conjunctivitis during the local stage. 
Keratitis is one of the most common fi ndings that 
appear during the late persistent stage. 

 Neuro-ophthalmic manifestations belong to 
the local and mainly disseminated stages, includ-
ing optic neuritis, papillitis, papilledema, Bell’s 
palsy which is the most common cranial neurop-
athy, and Horner’s syndrome. 

 Intraocular infl ammation has been reported to 
occur during the early and late stages of Lyme 
disease. Anterior uveitis, intermediate uveitis, 
posterior uveitis with choroiditis, and retinal vas-
culitis (Fig.  10.8 ) have been reported. Anterior 
uveitis associated with granulomatous KP-s and 
intermediate uveitis are the most common intra-
ocular manifestations.

      Differential Diagnosis 
 The most common infectious disorders are syphi-
lis, TBC, viral keratitis, infectious arthritis, and 
viral encephalitis/meningitis. Noninfectious 
disorders that may have to be considered in the 
differential diagnosis from Lyme disease are sar-
coidosis, VKH, multiple sclerosis, vasculitis, and 
collagen vascular disorders.  

   Treatment 
 Recommendations for the treatment of Lyme 
disease were reviewed by the Infectious Disease 
Society of America ([ 277 ] (EBM:1++, A)). 
In early infection, the adult doses are doxycy-
cline 100 mg po bid for 14–21 days, amoxicillin 
50 mg po tid for 14–21 days, and cefuroxime axetil 
500 mg po bid for 14–21 days. In children, the 
doses are amoxicillin 50 mg/kg/day divided in three 
doses (maximum of 500 mg/dose) (Table  10.3 ).

   In cases of severe ocular manifestations and 
neurological involvement, such as posterior 
 uveitis, intravenous antibiotic therapy with cef-
triaxone (2 g IV qd in adults for 2–4 weeks) 
is probably the treatment of choice ([ 277 ] 
(EBM:1++, A), [ 266 ] (EBM: 1+, A)). After 
systemic antibiotic treatment has been initiated, 
intraocular infl ammation should be treated with 
topical corticosteroids and mydriatics. Systemic 
corticosteroids are proposed for severe posterior 
uveitis and neuro-ophthalmic involvement ([ 208 ] 
(EBM:4, D)). Attention should be directed at 
Jarisch-Herxheimer reaction after initiation of 
antibiotic therapy.    

  Fig. 10.8    Retinal vasculitis complicated by “honey-
comb” cystoid macular edema in a patient with Lyme 
disease       

 Core Message 

•     Lyme disease is characterized by a wide 
variety of changes including rather non-
specifi c    fl u-like symptoms associated 
with tiredness, headaches, arthralgia, 
and skin manifestations. The character-
istic skin rash “erythema migrans” is the 
most common clinical presentation 
appearing about 3–30 days after a tick 
bite. Left untreated, later symptoms 
may involve the joints, heart, and central 
nervous system.  
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10.1.4.5    Cat Scratch Disease 
   Defi nition 
 Cat scratch disease (CSD) is a self-limited, 
systemic disease caused by a gram-negative 
bacillus,  Bartonella henselae  [ 64 ]. The dis-
ease manifests itself as a mild lymphadenitis 
involving the lymph nodes draining the dermal/
conjunctival sites. CSD manifests a clinical 
spectrum ranging from a mild self-limiting dis-
ease with neuroretinitis and macular star forma-
tion to retinal vasculitis with subsequent severe 
vision loss.  

   Etiology 
 Within different species of  Bartonella , there are 
four recognized as human pathogens:  B. bac-
illiformis  (Carrion’s disease),  B. elizabethae  
(endocarditis),  B. quintana  (trench fever), and 
 B. henselae  [ 271 ].  Bartonella  species are gram- 
negative bacilli which have been associated with 
a clinical syndrome of self-limited lymphade-
nopathy associated with a transmission by cat 
scratch/bite. Human infections can be relatively 
asymptomatic or can produce symptoms such as 
fever, malaise, fatigue, and  lymphadenopathy. 

   Table 10.3    Antibiotics    frequently used in the treatment of  Lyme borreliosis  (EBM: 1A+))   

 Antibiotic  Route  Adult dose  Child dose  Duration 

 Erythema migrans  Doxycycline oral  200 mg daily  Not recommended  14 days 
 Amoxicillin oral  500 mg/8 h  50 mg/kg/day in

3 divided doses 
 14 days 

 Cefuroxime
axetil oral 

 500 mg/12 h  30 mg/kg/day in
2 divided doses 

 14 days 

 (Maximum
500 mg/dose) 

 Neurological Lyme borreliosis
including uveitis 

 Doxycycline oral  200 mg daily
(or 100 mg/12 h) 

 Not recommended  14 days 

 (Excluding encephalomyelitis
or severe meningitis) 

 Ceftriaxone daily  IV 2 g  (Maximum 2 g) 
 50–75 mg/kg  50–75 mg/kg  14 days 
 (Maximum 2 g) 

 Neurological Lyme borreliosis  Ceftriaxone daily  IV 2 g  50–75 mg/kg  14 days 
 (Encephalomyelitis or severe
meningitis) 

 (Maximum 2 g) 

 Lyme arthritis or carditis or
acrodermatitis chronica atrophicans 

 Doxycycline oral  200 mg daily  Not recommended  21 days 
 Amoxicillin oral  500 mg/8 h  50 mg/kg/day in

3 divided doses 
 Ceftriaxone daily  IV 2 g  50–75 mg/kg  21 days 

 (Maximum 2 g) 

  Based on Warshafsky et al. 2010 ([ 266 ]  

•   The ocular manifestations of Lyme bor-
reliosis most commonly occur during 
the late stages of this tick-transmitted 
disease.  

•   A small proportion of patients who have 
had LB may go on to develop a post-
infection syndrome resembling chronic 
fatigue syndrome or fi bromyalgia, which 
has been termed  “post- Lyme syndrome.”  

•   Diagnostic strategies vary between early 
and late disease manifestations and usu-
ally include serologic methods. 
Erythema migrans is pathognomonic 
and does not require any further labora-
tory investigations. PCR has shown to 
be useful in the diagnosis of the disease, 
but serology should only be ordered in 
case of well-founded clinical suspicion 
for  Lyme borreliosis , i.e., manifestations 
compatible with the diagnosis.  

•   Antibiotics are the mainstay of therapy, 
with corticosteroids associated during 
severe intraocular infl ammation.    
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On the other hand, severe systemic involve-
ment can occur, characterized by splenomegaly, 
encephalopathy, pneumonia, granulomatous hep-
atitis, and osteomyelitis. Cat fl eas are the major 
vector for CSD. 

 The eye can be involved either with the pri-
mary inoculation complex resulting in Parinaud’s 
oculoglandular syndrome, as is the most common 
presentation of  Bartonella  infection. The typical 
signs are unilateral granulomatous conjunctivitis 
and regional lymphadenopathy. Preauricular, sub-
mandibular, and cervical lymph nodes are typi-
cally affected. Vascular leakage from the optic 
nerve head (Fig.  10.9 ) ([ 56 ] (EBM:2, B)) and the 
“macular star” (Fig.  10.10 ) are the  hallmark of 

the neuroretinitis, which may persist even after 
the resolution of posterior pole involvement. 
Typically, neuroretinitis is unilateral with a self-
limited course.

    Both multifocal retinitis and choroiditis are 
typically seen in conjunction with disk swell-
ing. These lesions are typically juxtavascular. 
The inner white retinal infi ltrates may look simi-
lar to cotton-wool spots, but their distribution is 
not necessarily associated with the distribution 
of arterioles as in the case of cotton-wool spots. 
Other clinical fi ndings can be observed, such as 
branch retinal artery and vein occlusions, local 
serous retinal detachments, and intraretinal 
bleeding.  

a b

  Fig. 10.9    ( a ) Color fundus photograph of the right eye of 
a patient with CSD shows a prominent optic disk edema 
associated with hemorrhage. ( b ) Fluorescein angiogram 

of the same eye shows optic disk leakage and masking 
effect by hemorrhages       

a b

  Fig. 10.10    ( a ) Photograph    taken 15 days after initial 
 presentation shows a complete macular star with partial 
resolution of optic disk edema. ( b ) Note the presence of 

optic disk telangiectatic vessels and associated preretinal 
hemorrhages       
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   Differential Diagnosis 
 Etiologies that must be differentiated include 
other causes of optic nerve swelling such as optic 
neuritis and sarcoid papillitis. Pseudotumor cere-
bri can mimic the rare occurrence of the bilateral 
CSD. Syphilitic perineuritis, TBC, Lyme disease, 
leptospirosis, and, rarely, toxoplasmosis can pro-
duce similar clinical appearance. Other causes 
of macular star formation include systemic 
hypertension. 

 Other causes of conjunctivitis associated with 
regional lymphadenopathy include tularemia, 
sporotrichosis, TBC, syphilis,  lymphogranuloma 
venereum , and leprosy.  

   Treatment 
 Usually, no treatment is recommended for mild 
to moderate forms of systemic CSD, since the 
disease runs a self-limited course. Treatment is 
recommended for severe ocular/systemic compli-
cations of  B. henselae  infection, both in immu-
nocompetent and immunocompromised patients 
([ 207 ] (EBM D 3)). Currently, no controlled clin-
ical trial has demonstrated effi cacy in immuno-
competent patients. Doxycycline (100 mg twice 
daily) has good intraocular and CNS penetration. 
For pediatric patients (8–12 years), erythromy-
cin is recommended. The duration of treatment 
lasts 2–4 weeks in immunocompetent patients 
and 4 months in immunocompromised patients. 
Azithromycin, intramuscular gentamicin, cipro-
fl oxacin, and trimethoprim/sulfamethoxazole are 
alternative antibiotics ([ 207 ] (EBM:4, D)). The 
role of corticosteroids in atypical CSD is some-
what controversial.    

10.1.4.6    Rickettsial Diseases 
 Rickettsioses are worldwide distributed zoo-
noses due to obligate intracellular small gram-
negative bacteria. Most of them are transmitted 
to humans by the bite of contaminated arthro-
pods, such as ticks especially during spring or 
summer. Rickettsial agents are classifi ed into 
three major categories: the spotted fever group, 
the typhus group, and the scrub typhus ([ 265 ] 
(EBM:2++, B)).The spotted fever group includes 
Mediterranean spotted fever (MSF), which is 
prevalent in Mediterranean countries and Central 
Asia; Rocky Mountain spotted fever, which is 
mainly encountered in the United States; and 
numerous other rickettsial agents. 

   Clinical Presentation 
 The initial clinical presentation includes high 
fever, myalgia, and headaches with a “tache noir” 
developing in the site of the bite. A maculopapu-
lar rash may be present at the time of presenta-
tion. Neurological signs ranging from small focal 
defi cits to major neuropsychiatric disturbances 
have been reported. 

   Systemic Disease 
 The incubation period for rickettsial disease 
varies between 2 and 21 days. The initial pre-
sentation typically includes high fever with 
abrupt onset, headache, and myalgia. A macu-
lopapular skin rash usually appears 3–5 days 
after the onset of fever. The skin rash, involv-
ing also the palms of the hands and the soles 
of the feet, is a hallmark of rickettsial infection. 
However, its absence should not rule out a pos-
sible rickettsial infection, especially during the 

 Core Message 

•      B. henselae  is a relatively    common 
cause of neuroretinitis in CSD and prob-
ably underdiagnosed.  

•   Mild to moderate forms of CSD run a 
self- limited course with no need for 
treatment. Patients with neuroretinitis, 
encephalopathy with or without hemi-
plegia, and acute solid organ transplant 
rejection have all been treated 

 successfully with a combination of 
appropriate antibiotics and steroid 
therapy.  

•   Patients with CSD have a good overall 
visual prognosis.  

•   Good visual acuity at presentation was 
associated with a favorable visual 
outcome.    
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fi rst week of illness. A local skin lesion, termed 
tache noire (black spot), at the inoculating site 
may be seen in several  rickettsial infections, 
including Mediterranean spotted fever, which 
is caused by  Rickettsia conorii . Severe systemic 
complications may occur including interstitial 
pneumonitis, meningoencephalitic syndrome, 
acute renal failure, and disseminated intravascu-
lar  coagulation [ 265 ].  

   Ocular Disease 
 Ocular involvement is common in patients 
with rickettsiosis, but since it is frequently 
 asymptomatic and self-limited, it may be easily 
overlooked [ 265 ]. 

 Bilateral or rarely unilateral non-necrotizing 
retinitis, with or without associated mild vitritis, 
is the most common ocular fi nding [ 265 ]. It typi-
cally presents in the form of white retinal lesions 
infi ltrating the inner retinal layers (Fig.  10.11 ), 
located adjacent to retinal vessels, and varying in 
number, size, and location. Small retinal lesions 
in the posterior fundus may resemble cotton- 
wool spots, and large retinal lesions are usually 
associated with macular edema and exudative 
retinal detachment, which are accurately detect-
able by OCT. FA usually shows early hypofl uo-
rescence and late staining of large retinal lesions 
(Fig.  10.12 ) and slight hypofl uorescence or isofl u-
orescence of small retinal lesions [ 265 ]. Retinal 
vascular lesions are a prominent feature of rick-

ettsial disease. They may include focal or diffuse 
vascular sheathing, vascular leakage on fl uores-
cein angiography (FA), retinal hemorrhages, and 
retinal vascular occlusions, which mainly involve 
small branch retinal arteries [ 133 ]. A subclinical 
choroidal involvement only detectable by FA or 
indocyanine green angiography (ICGA) is also 
common [ 265 ].

    Other reported ocular manifestations of rick-
ettsiosis include conjunctivitis, keratitis, non-
granulomatous anterior uveitis, panuveitis, optic 
disk edema, optic disk staining, optic neuritis, 
neuroretinitis, anterior ischemic optic neuropa-
thy, and endophthalmitis [ 265 ]. 

  Fig. 10.11    Red-free fundus photograph of a patient with 
serologically proven rickettsial disease shows white reti-
nal lesions of variable size, adjacent to retinal vessels       

a b

  Fig. 10.12    Fluorescein angiography shows early hypofl uorescence ( a ) and late staining of retinal lesions associated 
with focal retinal vascular leakage and optic disk hyperfl uorescence ( b )       

 

 

P. Neri et al.



183

 Ophthalmic involvement associated with rick-
ettsial diseases often has a self-limited course. 
Areas of retinitis usually completely disap-
pear without causing scarring in 3–10 weeks. 
Causes of persistent visual impairment include 
residual retinal changes due to resolved retinitis, 
macular edema, exudative retinal detachment, 
branch  retinal artery or vein occlusion, and optic 
 neuropathy [ 265 ].   

   Laboratory Diagnosis 
 Early diagnosis of rickettsial infection,  primarily 
based on clinical features and epidemiologic 
data, is of utmost importance for early initiation 
of antibiotic therapy. Confi rmation of diagnosis 
usually relies on positive indirect immunofl uo-
rescent antibody test results. Positive serologic 
criteria usually include either initial high anti-
body titer or a fourfold rise of the titer in the 
convalescent serum. Case confi rmation with 
serology might take 2–3 weeks. Other laboratory 
tests, such as serologic testing using Western blot 
or detection of rickettsiae in the blood or tissue 
using PCR, may be useful in selected cases [ 265 ].  

   Management 
 Early treatment is required for a better outcome. 
Oral tetracyclines, particularly doxycycline 
(100 mg, twice a day for 7–10 days), are effec-
tive in the treatment of systemic rickettsial dis-
ease [ 265 ]. Fluoroquinolones are also effective. 
Macrolides, including clarithromycin, azithro-
mycin, and particularly josamycin, can be used 
as alternative therapy in children and pregnant 
women. 

 Specifi c ophthalmic therapy may be needed 
in patients with ocular involvement. It includes 
topical antibiotics for conjunctivitis and kera-
titis, topical corticosteroids and mydriatics for 
anterior uveitis, and systemic steroids in asso-
ciation with antibiotics in cases of severe oph-
thalmic involvement such as extensive retinitis 
threatening the macula or the optic disk, macu-
lar edema, exudative retinal detachment, severe 
vitritis, optic neuropathy, and retinal vascular 
occlusions [ 265 ]. Prevention of rickettsial dis-
ease includes personal protection against tick 
bites in endemic areas and improvement of sani-
tary conditions.     

10.1.5     Parasitic Uveitis 

10.1.5.1    Ocular Toxoplasmosis 
   Defi nition 
 Ocular toxoplasmosis (OT) is considered as the 
most frequent infectious posterior uveitis. It is 
caused by the protozoan parasite  Toxoplasma 
gondii , which exists in multiple clonal sub-
populations, and in three stages, human sero-
prevalence of toxoplasmosis is high across the 
globe, but with remarkable geographic varia-
tion. A potential correlation of parasite genotype 
with disease is an area of current interest [ 160 ]. 
Ocular toxoplasmosis is more common in South 
America, Central America, and the Caribbean 
and parts of tropical Africa as compared to 
Europe and Northern America. Ocular disease in 
South America is more severe than in other con-
tinents due to the presence of extremely virulent 
genotypes of the parasite [ 200 ].  

   Etiology 
 The mode of  T. gondii  infection as either congenital 
or postnatally acquired is considered to be impor-
tant. Although congenital infection frequently 
results in chronic recrudescent retinochoroiditis, 
most cases of OT are acquired after birth [ 249 ].  

   Clinical Symptoms and Signs 
 Symptoms vary but usually consist of unilateral 
fl oaters or blurred vision when the disease becomes 
active. Inactive disease rarely causes visual symp-
toms unless scarring is near the central retina 

 Core Message 

•     Ocular involvement in rickettsiosis is 
common but frequently asymptomatic.  

•   Retinitis is a typical fi nding associated 
with vitritis and vascular lesions.  

•   In order to diagnose this disease, a high 
index of suspicion is needed especially 
when associated with the specifi c clini-
cal systemic symptoms and patients 
 living or returning from endemic areas.  

•   FA and ICGA are essential in sub-
clinical cases.  

•   Doxycycline is the mainstay of treatment.    
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or macula. Acute OT appears as a well- defi ned 
focus of retinal necrosis accompanied by a vitre-
ous infl ammatory reaction. In addition, there may 
be diffuse infl ammation in the retina and choroid. 
OT typically runs a clinical course of 2–4 months 
of active intraocular infl ammation followed by 
more or less long disease-free intervals, which 
may extend for several years. The reactivation of 
OT shows satellite lesions close to an old atro-
phic scar (Fig.  10.13 ). In the area surrounding the 
active retinitis, hemorrhage and vasculitis may be 
observed. Anterior uveitis may also be present. 
Atypical clinical fi ndings may occur as well, such 
as vascular occlusive events and Kyrieleis’s arteri-
tis [ 55 ]. Imaging can offer more information [ 97 ]. 
Bilateral involvement or atypical presentation can 

be observed in immune- compromised patients and 
often in congenital OT (Fig.  10.14 ).

       Differential Diagnosis 
 Necrotizing retinochoroiditis is considered as the 
typical presentation of OT and considered char-
acteristic to such a degree that often further diag-
nostic workup is not needed. However, even when 
it is the most frequent manifestation of OT, there 
is considerable variation in the clinical features. 
Therefore, other necrotizing retinopathies, such 
as viral diseases, fungi, and other parasites, are 
important differential diagnoses. In such patients, 
analysis of intraocular antibody production and, 
therefore, Goldmann-Witmer coeffi cient plays a 
decisive role in the diagnosis of ocular toxoplas-
mosis, even more than PCR [ 48 ,  268 ] (Table  10.4 ).

      Treatment 
 Despite the fact that OT continues to be a very 
common and sight-threatening cause of infec-
tious posterior uveitis, treatment remains highly 
controversial (Fig.  10.15 ). This is related to a 
number of factors:
•     In many patients,  T. gondii  infection is a self- 

limited (often asymptomatic) disease that has 
been considered to need no treatment.  

•   The parasites are able to form cysts that are 
impenetrable to medications and host 
enzymes; therefore, they cannot be eliminated 
from retinal tissue.  

•   The persistence of retinal cysts also results in 
a very successful strategy for its survival and 

  Fig. 10.13    Fundus photography of a 27-year-old patient 
presenting with recurrent paracentral retinochoroiditis 
caused by  T. gondii .   Aqueous humor analysis: Goldmann- 
Witmer coeffi cient >5       

  Fig. 10.14    Fundus photography of a 21-year-old patient affected by bilateral congenital ocular toxoplasmosis. The 
deep retinochoroidal lesion can be clearly seen       

 

 

P. Neri et al.



185

effectively avoids immunosurveillance by the 
host.    
 Despite the limited evidence of treatment effects, 

an increasing number of experienced ophthalmolo-
gists will treat patients with active OT [ 114 ]. 

 Common clinical indications include:
•    Lesions within the vascular arcades threaten-

ing central vision  
•   Active lesions in close proximity to the optic 

disk since substantial visual fi eld defects may 
result  

•   Large lesions >2 optic disk diameter which 
are often associated with dense vitreous haze  

•   Immunosuppressed individuals because these 
patients very likely develop fulminant retino-
choroiditis when left untreated    

 Several surveys of uveitis specialists indi-
cate that even experts differ in their therapeutic 
approaches. Whereas some ophthalmologists will 
only care for sight-threatening lesions, others will 
treat all lesions independent on its location [ 28 ,  114 , 
 255 ] (Fig.  10.16 ). Despite a lack of published evi-
dence for effectiveness of current therapies, most 
ophthalmologists elect to treat patients with ocular 
toxoplasmosis that reduces or threatens visual acu-
ity. Classic therapy consists of oral pyrimethamine 
and sulfadiazine, plus systemic corticosteroid. 
Substantial toxicity of this drug combination has 
spurred interest in alternative antimicrobials, as 
well as local forms of drug delivery ([ 217 ] [EBM C 
3]). At this time, however, no therapeutic approach 
is curative of ocular toxoplasmosis.

   In a Cochrane review,  Gilbert  et al .  identifi ed 
only three prospective, randomized, placebo- 
controlled clinical trials. Interestingly, two of 
these studies were conducted almost 40 years ago, 
using either eight weeks of pyrimethamine/trisul-
fapyrimidine vs. placebo or 4 weeks of pyrimeth-
amine compared with placebo in acute OT [ 244 ] 
[EBM: B, 2++] [ 38 ] [EBM: 1+, B]. The third 
study determined the prophylactic effect of long- 
term (20 months) trimethoprim/   sulfamethoxazole 
application vs. no treatment in patients with 
chronic relapsing OT [ 234 ] [EBM: B, 2++]. There 
was a lack of evidence in all three studies that anti-
biotics (short or long term) prevented vision loss. 
Only one study observing individuals infected with 
probably more aggressive South American strains 
of  T. gondii  demonstrated that long-term antibiot-
ics (14 months) reduced the number of recurrences. 

 Because of toxicity and lack of effectivity, a 
number of alternative agents have been applied 
to OT patients. Clindamycin was a very prom-
ising substance when introduced in the 1980s 
[ 248 ] because it appeared to concentrate in 
ocular tissues and was considered to penetrate 
tissue cyst walls [ 248 ]. However, subsequent 
clinical experience showed no effect on disease 
recurrence [ 147 ] [EBM: C, 2+]. Recent treat-
ment attempts focused on the use of clindamy-
cin delivery as intravitreal injection [ 21 ,  140 , 
 148 ] [EBM C 2+]. In a prospective randomized 
study comparing intravitreal clindamycin with 6 
weeks of systemic clindamycin treatment, both 

   Table 10.4    Differential diagnosis of necrotizing 
retinopathies   

 Differential diagnosis  Clinical characteristics 

 Acute retina necrosis 
syndrome (herpes 
simplex virus, VZV 
CMV) 

 Acute onset; unilateral rapidly 
progressing necrotizing 
retinitis; initial: in peripheral 
retina; often anterior segment 
involvement 

 Tuberculosis  Symptoms depending on 
localization; often multiple 
choroidal infi ltrates, 
hemorrhagic lesions; often no 
pulmonary involvement 

 Multifocal choroiditis  Often asymptomatic; initial: 
multiple, peripheral, (bilateral) 
choroidal lesions; progression 
with new lesions and increasing 
vitreous involvement occurs 
frequently 

 POHS 
(“histoplasmosis”) 

 Often asymptomatic; multiple, 
sharply bordered, small lesions 
(“histo spots”); predominantly 
midperipheral retina; no 
vitreous involvement; 
frequently: choroidal 
neovascularization 

 PIC (punctate inner 
choroidopathy) 

 Often acute onset of symptoms 
(decreased vision, scotoma, 
photopsia; predominant in 
myopic females; small central 
lesions (100–300 um); often: 
choroidal neovascularization 

 Sarcoidosis  Multiple granulomatous 
changes in all ocular segments; 
bilateral active retina lesions; 
involvement of other organs 
(lung, skin, liver) 
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appeared similarly effective [ 242 ] [EBM: B, 
2++]. In a non-comparative, retrospective, mul-
ticentric interventional case series, 12 patients 
with active OT involving the posterior pole that 
were either intolerant to or contraindicated to 
oral medication received intravitreal injections 
of clindamycin (1.5 mg/0.1 ml) and dexameth-
asone (400 μg/0.1 ml) every 4 weeks (during 
 pregnancy). During follow-up (24 months), reso-

lution of OT was achieved in all cases and most 
eyes (83 %) improved, whereas two eyes (20 %) 
remained unchanged. No ocular or systemic 
adverse events were reported and furthermore no 
recurrences during 24 months of follow-up were 
observed [ 148 ] [EBM: C, 2+]. In particular, dur-
ing pregnancy, sight-threatening lesions may be 
treated with intraocular injections of clindamy-
cin and dexamethasone, combined with systemic 

(%)

Ocular toxoplasmosis

Acquired infection

Trimethoprim, sulphamethoxazole

Pyrimethamine , sulphadiazine

Pyrimethamine, sulphadiazine,
clindamycin

Clindamycin

Azithromyin

Trimethoprim, sulphamethoxazole,
clindamycin

200 10 30 40 50 60
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India, 2009 

  Fig. 10.15    Histogram illustrating the preferred practice pattern derived from three surveys focusing on treatment of 
acquired ocular toxoplasmosis (Adapted from Basu et al. [ 28 ])       
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  Fig. 10.16    Corresponding central scotoma of the patient of “Fig.  10.14 ” as fi ndings in perimetry       
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sulfadiazine ([ 166 ] [EBM D 3]). Taken together, 
both studies demonstrated that IVI of clindamy-
cin/dexamethasone might be an alternative to 
systemic treatment, offering a high drug avail-
ability and safer systemic adverse effect profi le. 

 In addition, azithromycin [ 30 ] and atovaquone 
[ 197 ] were introduced into clinical use, but have 
not gained widespread acceptance (EBM: D, 3). 
There appears also an increasing use of the trime-
thoprim/sulfamethoxazole combination,  offering 
a better option for compliance as does the stan-
dard combination of a dihydrofolate reductase 
inhibitor and sulphonamide. Small-scale uncon-
trolled studies showed apparently accelerated 
rates of resolution and improved acuities in 
patients on the combination [ 185 ] (EBM: D, 3). 
There remains, however, signifi cant uncertainty 
with regard to proper medication by experts in 

the fi eld. This is refl ected by several surveys of 
uveitis specialists in the United States, Germany, 
and India, indicating that at least nine separate 
drugs in even more combinations are currently 
used in daily practice [ 28 ,  114 ,  255 ].  

   Management of Complications (CNV) 
 Several techniques have been proposed for CNV 
secondary to ocular toxoplasmosis (Fig.  10.17 ): 
PDT [EBM:C, 2+] [ 177 ], intravitreal anti-VEGF 
therapy [EBM: C, 2+] [ 164 ], and COMBO ther-
apy [EBM: D, 3+] are the different therapeutic 
options [ 214 ].

     Perioperative Prophylaxis 
 Perioperative prophylactic anti-toxoplasmic ther-
apy may be warranted, in order to avoid reactiva-
tion of the disease [ 39 ] [EBM: C, 2+].  

a b

c d

  Fig. 10.17    Color picture ( a ) showing CNV in congenital ocular toxoplasmosis. Early ( b ), mid ( c ) and late ( d ) phases 
of FA showing an inactive CNV near the edge of an old, peripapillary toxoplasmic scar       
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   Management of Congenital Ocular 
Toxoplasmosis 
 Congenital OT is recognized as a major cause 
of child morbidity and mortality. Vertical trans-
mission of toxoplasmosis occurs during primary 
infection in pregnant women, and generally, 
maternal disease goes unnoticed. Fetal infection 
occurs at up to 65–70 % and results in signifi cant 
child morbidity with ocular lesions in up to 80 % 
of children as the most frequent manifestation 
[ 76 ,  169 ]. Therefore, prevention and treatment of 
congenital toxoplasmosis remains an important 
issue. 

 Worldwide remarkable differences exist 
regarding effective screening and treatment strat-
egies. Reasons are related to the questionable 
benefi t of early diagnosis and intervention since 
well-controlled studies are lacking and diffi cult to 
perform [ 83 ,  93 ,  94 ]. However, in most European 
centers, spiramycin remains the standard treat-
ment and is immediately applied after diagnosis 
of maternal infection followed by pyrimethamine/
sulphonamide as soon as a fetal infection is con-
fi rmed [ 93 ] [EBM: D, 2+]. Contrary, other treat-
ment strategies rely initially on pyrimethamine/
sulphonamide that will be changed to spiramycin 
if fetal diagnosis is negative [ 93 ] [EBM: C, 2+]. 
A meta-analysis investigating these different data 
in 2007 concluded that only weak evidence exists 
for an association between early treatment and 
reduced risk of congenital toxoplasmosis [ 252 ] 
[EBM: C, 2+]. However, it has been demonstrated 
by several studies that early treatment with spira-
mycin resulted in a signifi cantly reduced rate (95 
vs. 80 %) of placenta infection [ 61 ]. This led to 
a 50 % reduced incidence and lower severity of 
disease at birth of infected infants as compared to 
untreated individuals [ 135 ]. Recent observations 
confi rm that it seems likely that more prompt 
diagnosis and treatment will result in better out-
comes of congenital toxoplasmosis. New central 
chorioretinal lesions have been uncommon in 
children with congenital toxoplasmosis who are 
treated during their fi rst year of life [ 201 ]. This 
contrasts markedly with previous observations 
for children left untreated or those treated for one 
month only (≥82 % retinal lesions).  

   The Role of Corticosteroids 
 As in many other ocular infections, the host 
immune response may have detrimental effects. 
Therefore, early intervention, e.g., by the use of 
corticosteroids, is often benefi cial to reduce tis-
sue damage. Interestingly, histopathologic spec-
imen of the eyes from immunocompromised 
patients with OT showed no infl ammatory 
cells in the infected tissue. These observations 
suggest that parasite proliferation, rather than 
infl ammation, is the major cause of tissue dam-
age in these individuals. Therefore, corticoste-
roid therapy is probably not necessary to control 
OT in immune- compromised individuals. On 
the contrary, it is commonly agreed upon that 
corticosteroid therapy without concurrent use 
of antimicrobial agents can lead to severe retina 
destruction and large lesions. A recent Cochrane 
review did not fi nd supportive evidence for ste-
roid treatment in either immune-competent 
or immune- compromised OT patients [ 120 ] 
[EBM: B, 2+].  

   Alternative Treatment Options 

   Surgical Options 

 Since the effect of medical treatment is uncertain, 
surgical options have been considered for OT. 
Argon laser photocoagulation has been applied 
with the intention to directly disrupt the organ-
ism or to reduce recurrence by surrounding old 
OT lesions with laser spots [ 215 ,  243 ] [EBM: 
D, 1+]. Unfortunately, even when the parasite 
was confi rmed to be heat sensitive, neither direct 
destruction of the organisms nor reduced reac-
tivation of tissue cysts could be obtained. Laser 
treatment has now been abandoned. Since active 
intraocular infl ammation always carries a risk of 
complications, also any other intraocular surgery 
is not advised. 

 Taken together, treatment practices in OT 
are highly diverse. There is still no consensus 
regarding the choice of antiparasitic agents for 
treatment regimens. Despite this uncertainty, 
uveitis specialists appear to be more likely to 
treat patients with OT as compared to a decade 
ago [ 114 ].      
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10.1.5.2    Ocular Toxocariasis 
   Defi nition 
  Toxocara canis  and  Toxocara cati  are nematodes, 
which live and mature in the dog or cat intestines, 
respectively.  

   Etiology 
 As a mature adult, the organism releases eggs 
which are passed in the stool. Contact with 
infected materials leads to human infection.  

   Clinical Symptoms and Signs 
 Toxocariasis is a rare infection and typically is 
observed in children. Toxocara infection can 
present fever; pulmonary symptoms such as a 
dry, hacking cough or asthma-like attacks; sple-
nomegaly and hepatomegaly; skin lesions; neu-
rological symptoms such as convulsions; and 
meningeal symptoms [ 129 ]. Ocular symptoms 
comprehend decreased vision, pain, photopho-
bia, and fl oaters. 

 The most common eye manifestation is a 
granuloma, either in the posterior pole or in the 
periphery of the retina, with massive vitritis.  

   Differential Diagnosis 
 Differential diagnosis comprehends retinoblas-
toma, Coats’ disease, persistent fetal vasculature, 
retinopathy of prematurity, familial exudative 
vitreoretinopathy, idiopathic peripheral uveo-
retinitis, and toxoplasmosis. Retinoblastoma can 
be ruled out on the basis of B-scan echography, 
which typically fi nds calcifi cations, which are 
extremely uncommon in ocular toxocariasis. 
Non-infl amed eyes without cataract are also sug-
gestive of retinoblastoma. 

 Laboratory tests are used to diagnose the dis-
ease: eosinophilia, hyperglobulinemia [ 232 ], and 
ELISA, even though a false-positive ELISA test 
can occur [ 161 ].  

   Treatment 
 The association of systemic prednisone (40 mg/
day) and thiabendazole (2 g daily for 5 days) has 
been proposed ([ 220 ], EBM: D, 3). Albendazole 
(800 mg twice daily for adults or 400 mg twice 
daily for children, for 10 days to 2 weeks) can 
be considered as an alternative treatment option 
([ 27 ], EBM: C, 2+).      

10.2     Noninfectious Posterior 
Uveitis 

10.2.1     Multifocal Choroiditis (MFC) 

 MFC is part of the primary infl ammatory chorio-
capillaropathies characterized by minimal signs 
of panuveitis mostly limited to cells in the poste-
rior vitreous. ICGA made it clear that MFC typi-
cally involves primarily the choriocapillaris ([ 60 , 
 238 ] (EBM:1+, A)) that shows infl ammatory 
involvement even beyond the choriocapillaris in 

 Core Message 

•     Ocular toxoplasmosis remains the most 
frequent infectious posterior uveitis in 
many parts of the world. Although con-
genital infection frequently results in 
retinochoroiditis, most ocular manifes-
tations are acquired after birth (through 
nutrition).  

•   Atypical clinical fi ndings can be 
observed mainly in immunocompro-
mised individuals or elderly people.  

•   Although several treatment strategies 
have been proposed up to date, no thera-
peutic approach is curative of ocular 
toxoplasmosis.  

•   Steroids are frequently applied to 
decrease intraocular infl ammation but 
need careful monitoring and concurrent 
antimicrobial treatment.    

 Core Message 

•     Ocular toxocariasis should be differenti-
ated from several ocular diseases, par-
ticularly retinoblastoma.  

•   Although different    antihelminthic 
agents have been proposed, the role of 
such agents still remains unclear.    
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the choroidal stroma ([ 75 ] (EBM:3, D)). These 
fi ndings may suggest an explanation for the more 
severe course and the propensity to develop cho-
roidal neovascularization (CNV). 

10.2.1.1    Clinical Symptoms and Signs  
 The majority of patients have bilateral disease 
that ranges from 66 to 79 % ([ 74 ,  213 ] (EBM:2+, 
D)), albeit asymmetric with the involved fellow 
eye. The most common symptoms are decreased 
central vision, photopsias, and subjective scoto-
mas which are protracted in time.    Signs of mild 
anterior uveitis including nongranulomatous 
keratic precipitates, cells, and fl are can be seen 
associated with mild vitreous cellular activity 
when the disease is active. When keratic precipi-
tates are granulomatous sarcoidosis, syphilis and 
tuberculosis have to be ruled out. Fundus exami-
nation reveals multiple round to oval, yellow- 
gray lesions, ranging in number from several to 
more than 100 scattered throughout the poste-
rior pole and midperiphery. A distinct propen-
sity for a peripapillary, nasal midperipheral, and 
peripheral distribution has been observed [ 213 ]. 
The active lesions evolve into round, atrophic 
chorioretinal scars with a punched-out appear-
ance and varying degrees of hyperpigmentation. 
MFC shows a distinct peculiarity, that is, the high 
proportion of choroidal neovascular membranes 
complicating the disease, and typically, these 
almost always type II neovascular membranes 
seem to arise from atrophic scars or yellow nodu-
lar subretinal lesions frequently in association 
with active infl ammation. Peripapillary atrophy 
similar to that seen in POHS is frequently seen on 
follow-up examination. Cystoid macular edema 
(CME) occurs in a range from 14 [ 74 ] to 41 % 
as reported by Nussenblatt et al. ([ 182 ] (EBM:4, 
D)). ICGA shows hypofl uorescent areas during 
all the phases of the examination which are more 
numerous and involve a more extensive area than 
those appreciated on FA or clinical examina-
tion during the active stage of the disease. While 
during the active phase FA may show faint late 
hyperfl uorescence refl ecting the hypofl uorescent 
lesion observed in ICGA, choroidal scars present 
a hyperfl uorescent edge with a hypofl uorescent 
center without leakage (Fig.  10.18 ). In a recent 

paper from Vance SK et al. ([ 257 ] (EBM:2++, 
B)) regarding the characteristic fi ndings of MFC 
in SD-OCT, the authors concluded that the acute 
lesions of MFC include the presence of sub-RPE 
material, choroidal hyper-refl ectivity below the 
lesions, and overlying vitreous cells in com-
parison to the fi ndings of myopic degeneration. 
Visual fi eld testing can show small scotomas 
corresponding to the chorioretinal scars. In the 
active phases, scotomas are larger refl ecting the 
choriocapillaris non-perfusion. ERG suggests 
that MFC is a diffuse process with the degree of 
dysfunction relating to the severity and extent 
of chorioretinal involvement. MFC is a chronic 
disease that may persist for many years with 
the majority of patients experiencing multiple 
infl ammatory recurrences in one or both eyes 
and the pathology affects predominantly young, 
healthy adults in their mid-30s with women pre-
dominantly affected [ 74 ,  213 ]. Infl ammatory 
reactivation may manifest with swelling of the 
choroidal scars with surrounding subretinal fl uid.

10.2.1.2       Differential Diagnosis 
 ICGA is useful in ruling out the infectious causes 
such as West Nile virus choroiditis, Candida cho-
roiditis, bacterial emboli, etc. However, in some 
instances, tuberculous choroiditis can also pres-
ent with the same ICGA patterns as MFC. MFC 
exhibits anterior chamber and vitreous cells and a 
female predilection in contradistinction to POHS. 
MEWDS like MFC may present in young women 
with acute blind spot enlargement and vitreous 
infl ammation; however, it is predominantly a uni-
lateral disease. Although it has been suggested 
that SFU represents the terminal stage of MFC 
because of the multifocal lesions and the recur-
rent infl ammatory episodes, SFU is limited to the 
posterior pole and eventuates in severe subreti-
nal scarring. PIC is mostly related to MFC, with 
the high propensity in developing CNVM and its 
tendency towards bilaterality, but by defi nition, 
PIC is not associated with vitreous infl ammation 
and the lesions tend to be smaller as compared to 
MFC. Other noninfectious entities to be consid-
ered in the differential diagnosis of MFC include 
sarcoidosis, APMPPE, and intraocular large cell 
lymphoma.  
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10.2.1.3    Treatment 
 Management, as for other entities under this 
group, is empirical. Although there are no con-
trolled studies, clinical experience is probably 
suffi cient to recommend corticosteroid therapy 
in cases with active disease; this can usually be 
diagnosed when patients complain of photopsia 
and is further evidenced by ICGA. If cortico-
steroids are insuffi cient, immunosuppressive 
agents may be added. The best follow-up 
parameter is ICGA which can show resolu-
tion of hypofl uorescent areas. If  infl ammatory 

subretinal CNV is present, corticosteroids 
(sub-Tenon injections if the reactivation is uni-
lateral or systemic if the reactivation is bilat-
eral) should be tried fi rst with concomitant or 
subsequent intravitreal anti- vascular endothelial 
growth factor (VEGF) therapy ([ 111 ] (EBM:4, 
D)). A    recent paper published by Julian et al. 
reported the long-term results of 15 eyes (7 
eyes with MFC) treated with intravitreal beva-
cizumab (IVB) as the fi rst local treatment for 
CNV secondary to uveitis ([ 124 ] (EBM: 2++, 
C)). The intravitreal injections showed transient 

  Fig. 10.18    FA showing multiple spots of a MFC associated with a juxtafoveal CNV       
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improvement in BCVA and CFT, in eyes under 
controlled infl ammation, but further injections 
were needed in most cases with a mean number 
of 4.25 injections in 16 months. The peculiarity 
of this paper as compared to other works is the 
concomitant use of IVB in nine patients under 
systemic immunosuppression (corticosteroids 
and steroid-sparing agents). Another paper by 
Rouvas et al. ([ 219 ] (EBM:2+, C)) (three eyes) 
showed that ranibizumab resulted as a promis-
ing drug in maintaining stability or improving 
VA and OCT and FA fi ndings in infl ammatory 
choroidal neovascularization.    

10.2.2     Punctate Inner Choroidopathy 

 Punctate inner choroidopathy (PIC) is a subset 
of MFC (primary infl ammatory choriocapil-
laropathy) characterized by a similar clini-
cal picture as far as symptoms, fundus signs, 
and neovascular complications are concerned, 
except that the lesions are smaller. PIC affects 
predominantly young myopic women. Although 
PIC in the majority of cases is a self-limited 
disease with good visual prognosis, permanent 
and severe visual loss can occur as a result 
of the development of choroidal neovascular 
membranes. 

10.2.2.1    Clinical Symptoms and Signs  
 The predominant symptoms at presentation are 
scotomatas, followed by blurred vision, fl oaters, 
photophobia, and metamorphopsia, and these 
visual disturbances are usually unilateral ([ 92 ] 
(EBM:1+, B)). An analysis of refractive errors 
in infl ammatory choriocapillaropathies revealed 
that PIC patients had the highest refractive 
errors. There is lack of infl ammatory reaction 
in the anterior chamber and vitreous. Fundus 
examination reveals multiple, small, gray or yel-
low, round lesions concentrated in the posterior 
pole in a random or linear pattern that sometimes 
can be associated with serous detachment of the 
overlying neuroepithelium. They usually evolve 
into atrophic scars, and after 2–3 months, they 
may resemble old punched-out lesions seen in 
POHS. The scars involve the RPE and the cho-
riocapillaris sparing the rest of the choroid. The 
fundus abnormalities are usually bilateral in 
80 % ([ 46 ] (EBM:2+, D)) of cases. The most 
harmful clinical sequela of PIC is the forma-
tion of CNVM, and it is estimated that 17–40 % 
[ 46 ] of the eyes with PIC will develop it. The 
most frequent visual fi eld defect is enlarge-
ment of the blind spot. During the active phases, 
ICGA shows hypofl uorescent areas during all 
the phases of the examination which gradually 
resolve or remain hypofl uorescent in case of 
scarring. FA shows early hypofl uorescence fol-
lowed by late hyperfl uorescence and staining of 
the lesions (Fig.  10.19 ).    While most PIC CNVs 
begin as multiple, yellow-green lesions, over 
time a tendency towards coalescence is seen to 
form larger CNVMs with bridging networks. FA 
of these membranes shows early hyperfl uores-
cence followed by late leakage.

10.2.2.2       Differential Diagnosis 
 PIC can be differentiated from POHS by the lack 
of peripapillary atrophic changes and peripheral 
retinal lesions. MEWDS lesions are also concen-
trated in the posterior pole as in PIC, but these 
lesions have a less distinct border and do not have 
an associated serous detachment. In contrast to 
PIC lesions, APMPPE lesions are typically plac-
oid and often confl uent. ICGA fi ndings are useful 
in excluding the infectious causes [ 164 ].  

 Core Message 

•     MFC is part of the primary infl amma-
tory choriocapillaropathies.  

•   It is characterized by recurrent episodes 
of chorioretinal infl ammation: photop-
sias, scotomata, and visual loss.  

•   Vitreous cells during the active stage.  
•   ICGA: active disease shows hypofl uo-

rescent zones.  
•   Choroidal infl ammatory neovascular-

ization is a frequent sequela.  
•   Therapy: the association of corticoste-

roids and immunosuppressive therapy 
has shown to be useful in the light of 
multiple recurrences, with associated 
anti-VEGFs in cases of infl ammatory 
CNVM.    
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10.2.2.3    Treatment 
 No treatment is advised for the majority of patients 
with PIC where there is no evidence of CNV as 
the visual prognosis is excellent. The only excep-
tion to this would be those patients with infl am-
matory lesions, but no CNV, very close to fi xation 
in whom medical treatment can be considered ([ 8 ] 
(EBM:2++, B)).    Like multifocal choroiditis, new 
lesions respond to systemic or sub-Tenon corti-
costeroids, and additional immunosuppressive 
therapy is not always necessary. Corticosteroids 
are also thought to have a benefi cial effect on the 
neovascular membrane and are the fi rst line of 
treatment ([ 111 ] (EBM:4, D)). Corticosteroids 
can limit the extent of RPE disturbance and of 
scar formation following the insult of the acute 
PIC lesions. The treatment of infl ammatory CNV 
is still a challenge, since no guidelines are avail-
able. Laser photocoagulation [ 184 ], periocular and 
systemic steroids ([ 80 ] (EBM:2+, C)), PDT ([ 112 ] 
(EBM:2+, D), [ 154 ] (EBM:2+, D)), immune sup-
pression ([ 70 ] (EBM:2+, D)), and surgical removal 
([ 157 ] (EBM:2+, D)) have been employed for 
management of infl ammatory CNV in the pre-
anti-VEGF era. Steroid-sparing agents such as 
cyclosporine A can be used for immune modula-
tion; mycophenolate mofetil offers a more favor-

able safety and effi cacy profi le and is a promising 
drug for the long-term control of infl ammatory 
CNV ([ 176 ] (EBM:2++, B)). Recent papers ([ 219 ] 
(EBM:2+, C), [ 14 ] (EBM:2++, C)) by Rouvas 
et al. (fi ve eyes with PIC) and Arevalo et al.( eight 
eyes with PIC) showed that ranibizumab and beva-
cizumab, respectively, resulted as promising drugs 
in maintaining stability or improving VA and OCT 
and FA fi ndings in infl ammatory choroidal neo-
vascularization [ 164 ].    

  Fig. 10.19    FA showing 
multiple hyperfl uorescent 
macular spots typically 
observed in PIC       

 Core Message 

•     Punctate inner choroidopathy (PIC) is a 
subset of MFC primary infl ammatory 
choriocapillaropathy, predominantly 
seen in healthy young myopic women.  

•   PIC is characterized by recurrent epi-
sodes of chorioretinal infl ammation.  

•   The symptoms are scotomatas, followed 
by blurred vision, fl oaters, photophobia, 
and metamorphopsia.  

•   Multiple, small, gray or yellow, round 
lesions concentrated in the posterior 
pole, which are usually bilateral in 80 % 
of cases.  
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10.2.3     Serpiginous Choroiditis 

10.2.3.1    Defi nition 
 Serpiginous choroiditis (SC) is a rare, chronic, 
progressive, and recurrent bilateral infl amma-
tory disease involving the RPE, the choriocap-
illaris, and the choroid of unknown etiology [ 5 , 
 19 ]. SC affects mainly healthy young to middle-
aged adults with a higher prevalence in men and 
with no racial or familial predilection. Because 
of the rarity and the variable course of the dis-
ease, the long-term management of patients 
with SC remains a challenging issue in ocular 
immunology.  

10.2.3.2    Clinical Symptoms and Signs  
 Patients present typically with a painless unilat-
eral decrease in central vision, metamorphopsia, 
or bilateral scotoma. Scotomata may be absolute 
or relative depending on the infl ammatory activ-
ity. Usually, the anterior segment and the anterior 
vitreous do not present infl ammation. The dis-
ease is characterized acutely by irregular, gray- 
white, or creamy-yellow subretinal infi ltrates 
at the level of the choriocapillaris and the RPE. 
The overlying retina is usually edematous and 
an associated neurosensory retinal detachment 
may occur. Around 80 % of cases with SC have 
the classic peripapillary geographic pattern. The 
peripapillary serpentine lesions in the fundus are 
a characteristic feature of this type. Classically, 
lesions develop fi rst in the peripapillary area 
and tend to spread centrifugally in a pseudo-

podial or serpentine fashion. Active lesions 
resolve  spontaneously with or without treatment 
over 6–8 weeks leaving focal areas of atrophy. 
Recurrences usually, but not always, occur at the 
edges of previous atrophic scars, and they tend 
to be multiple at variable intervals ranging from 
months to years. Chronic cases are characterized 
by chorioretinal atrophy; subretinal fi brosis and 
extensive RPE clumping may be observed ([ 156 ] 
(EBM:2++, B)). 

 About two-thirds of patients with SC have 
scars in one or both eyes at the initial presenta-
tion 87 ([ 146 ] (EBM:2+, C)). Visual loss in one 
or both eyes with fi nal VA of less than 20/200 is 
observed in up to 25 % of patients despite treat-
ment ([ 59 ] (EBM:2+, C)). When SC begins in the 
macular area, it is termed “macular SC” [ 108 ]. 
Macular SC has a worse visual prognosis due to 
early foveal involvement and the higher risk of 
developing secondary choroidal neovasculariza-
tion (CNV). This condition may be underdiag-
nosed. Occasionally, the lesions may occur in 
the periphery in an isolated or multifocal pattern 
termed “ampiginous choroiditis” [ 156 ] or “relent-
less placoid chorioretinitis” ([ 123 ] (EBM:4, D)). 
The evolution of APMPPE can mimic the clini-
cal course of SC, with the difference that the 
multifocal nature of the lesions did not coincide 
to the extension of the old lesions. A paper by 
Gupta et al. reported that 20 out of 86 patients 
with SC presented with initially APMPPE which 
over time progressed to SC ([ 105 ] (EBM:1+, A)). 
Compared to patients with typical peripapillary 
SC, those with ampiginous choroiditis tend to 
have less central foveal involvement. ICGA fi nd-
ings are characterized by hypofl uorescent areas 
during all the phases of the angiography. FA fi nd-
ings (Fig.  10.20 ) are the following: early serpigi-
nous hypofl uorescence followed by late diffuse 
staining and leakage at the edge of the retinal 
lesions ([ 40 ] (EBM:1+, A)). Visual fi eld shows 
absolute scotomata associated with active lesions 
and relative ones associated with the resolution of 
the active lesions. ERG and EOG do not contrib-
ute to the evaluation of disease progression. The 
most common complication associated with SC 
is CNV, with a range from 13 to 35 % of patients 
[ 34 ,  59 ]. Other ocular conditions that may be 

•   ICGA: active disease shows hypofl uo-
rescent zones.  

•   FA: scars show early hypofl uorescence 
followed by late hyperfl uorescence.  

•      CNVM is estimated to occur in up to 
40 % of eyes affected by PIC.  

•   Therapy: the association of corticoste-
roids and immunosuppressive therapy 
has shown to be useful in the light of 
multiple recurrences, with associated 
anti-VEGFs in cases of infl ammatory 
choroidal neovascularization.    
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considered as complications associated with SC 
are branch retinal vein occlusion (BRVO), peri-
phlebitis, pigment epithelial detachment (PED), 
serous retinal detachment (SRD), cystoid macu-
lar edema (CME), optic disk neovascularization, 
and subretinal fi brosis.

10.2.3.3       Differential Diagnosis 
 The disease that most likely resembles the acute 
initial presentation of SC is APMPPE. The key 
difference is the clinical course where APMPPE 
lesions usually resolve spontaneously in two to 
three weeks, leaving a mottled RPE without 
signifi cant choroidal involvement, and unlike 
SC, secondary CNV in APMPPE is rare and 
recurrence is uncommon. Patients with MFC 
differ from those with SC in that the latter do 
not show signs of vitreous infl ammation and the 
lesions in MFC are smaller. Outer retinal toxo-
plasmosis may also mimic SC, but lesions do 
not coalesce and are virtually always unilateral. 
Tuberculosis infection, like SC, may affect the 
choroid and give rise to similar choroidal scars, 
but patients with ocular tuberculosis frequently 
present with vitritis, constitutional symptoms, 
and a positive tuberculin skin test. The angio-
graphic features of choroidal ischemia and SC 
are similar, and conditions that result in occlu-
sion of the posterior ciliary vessels, such as 
hypertension and systemic vasculitis, should be 
excluded. In older patients, metastatic tumors, 
non-Hodgkin’s lymphoma, and choroidal 

 osteoma may mimic the  appearance of the acute 
unilateral lesion of SC.  

10.2.3.4    Treatment 
 Untreated active lesions typically resolve over 
months with a gradual extension of the primary 
lesion characterized by a variable natural his-
tory. The frequent recurrences also increase the 
risk of secondary CNV. Fundus photography 
and angiography are necessary to document the 
non- progression of SC in order to evaluate treat-
ment. The rapid control of the active lesions 
during recurrences and prevention of further 
recurrences seem to represent the mainstay of 
a successful therapy. Based on the different eti-
ologies proposed, many different treatments 
have been proposed such as antibiotics ([ 1 ,  156 ] 
(EBM:2++, B)), antivirals [ 1 ,  59 ], and immuno-
suppressive therapy [ 146 ]. Systemic corticoste-
roids and retrobulbar steroidal injections were 
effective in controlling the active lesions and 
in shortening the duration of active disease, but 
not in preventing recurrences [ 267 ]. Intravitreal 
steroids will likely be effective in the treatment 
of acute lesions, but probably will not prevent 
recurrences if not administered on a continu-
ous basis. Treatment of SC with cyclosporine 
A (CsA) as a monotherapy has produced mixed 
results. Christmas et al. [ 59 ] reported successful 
results in 4 out of 6 patients with SC treated with 
immunosuppressive drugs such as CsA, myco-
phenolate mofetil, or azathioprine in a period 

a b

  Fig. 10.20    Fluorescein angiography showing early hypofl uorescence ( a ) and late hyperfl uorescence with leakage at 
the edge of the retinal lesions ( b ) in a patient with noninfectious SC       
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ranging from 2 to 40 months, in terms of discon-
tinuation of therapy without recurrences. Triple-
agent therapy consisting of CsA, azathioprine, 
and prednisolone was reported to show satisfying 
results in terms of infl ammation control ([ 1 ,  116 ] 
(EBM:2+, C)). Because of the potentially serious 
side effects, alkylating agents should be limited 
to patients with sight-threatening lesions that are 
unresponsive to conventional immunosuppres-
sives. Nowadays, better visual acuity results are 
achievable through VEGF inhibitor injections 
with or without PDT. This is proven by a few 
publications with greater numbers of patients 
because of the rarity of the diseases and several 
case reports in the literature. In addition to CNV 
treatment, the control of intraocular infl amma-
tion should never be forgotten because it forms 
the leading CNV trigger ([ 273 ] (EBM:4, D)). 
Recent reports from Julian et al. ([ 124 ] (EBM: 
2++, C)) (one eye with SC and two eyes with 
ampiginous choroiditis) and Arevalo et al. ([ 14 ] 
(EBM:2++, C)) (six eyes with SC) showed that 
intravitreal bevacizumab resulted as a promis-
ing drug in maintaining stability or improving 
VA and OCT and FA fi ndings in infl ammatory 
choroidal neovascularization. Based on the stud-
ies reported so far, the rapid control of any active 
lesion with aggressive immunosuppression and 
the maintenance on appropriate immunosup-
pression for at least 6 months to prevent eventual 
recurrences can be considered the initial manage-
ment of patients with SC. Subsequent treatment 
will depend on the severity of the disease.    

10.2.4     Multiple Evanescent White 
Dot Syndrome (MEWDS) and 
Acute Idiopathic Blind Spot 
Enlargement (AIBSE) 

10.2.4.1    Defi nition 
 MEWDS is a primary infl ammatory choriocap-
illaritis of unknown etiology that results from 
infl ammation at the level of the choriocapillaris 
causing areas of non-perfusion or hypoperfusion. 
The ischemic areas produce white lesions deep in 
the outer retina or at the level of the retinal pig-
ment epithelium (RPE). AIBSE is most probably 
a variant of MEWDS ([ 72 ] (EBM:2+, C), [ 236 ] 
(EBM:2+, C)).  

10.2.4.2    Clinical Symptoms and Signs  
 The majority of patients with MEWDS are within 
the younger age groups, and a defi nite female pre-
dominance is observed. In a large series, it was 
noted that a preceding fl u-like episode or upper 
respiratory tract infection can occur in up to 50 % 
of patients ([ 36 ] (EBM:2++, B)). An autoimmune 
or immunologic mechanism is suspected after by 
reports of MEWDS developing after hepatitis B 
vaccination [ 20 ] or detection of HLA-B51 haplo-
type ([ 71 ] (EBM:2+, C)). Typically, patients with 
MEWDS present with unilateral visual impair-
ment in the form of visual fi eld defects including 
blind spot enlargement and central, cecocentral, 
and arcuate scotomas. Symptoms such as pho-
topsias and scotomas are associated with ERG 
abnormalities in 80 % of cases and photorecep-
tor dysfunction. The lesions of MEWDS appear 
as multiple, small, round, yellow to white spots 
distributed over the posterior fundus especially at 
the perifoveal (around the vascular arcades) and 
peripapillary regions. Macular granularity is a 
uniform and distinguishing feature of MEWDS 
in the convalescent stage. Other common clinical 
features include anterior chamber cells, vitreous 
cells, an afferent papillary defect, and mild optic 
disk swelling. The disease usually hits once, and 
the evolution is spontaneously favorable with 
restoration of visual function within 6–12 weeks. 
Infl ammation is usually moderate and limited to 
the vitreous, but the optic disk can be involved. 
Angiographic exams are essential in ascertaining 

 Core Message 

•     SC is a rare, usually bilateral, chronic, 
progressive, recurrent infl ammation of 
the choroid, RPE, and choriocapillaris.  

•   SC can present into the peripapillary, 
macular, and ampiginous types.  

•   SC is characterized by multiple 
recurrences.  

•   Immunosuppressive treatment seems to 
be useful, but further clinical trials are 
required in order to achieve a gold stan-
dard of treatment.    
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the pathology. ICGA shows hypofl uorescent dots 
and peripapillary hypofl uorescence in the acute 
phases. FA is associated with early hypofl uores-
cence and late hyperfl uorescence (mild staining) 
and optic disk hyperfl uorescence. 

 AIBSE manifests with peripapillary scotoma 
producing symptomatic enlargement of the blind 
spot that can be identifi ed through visual fi eld test-
ing. ERG shows focal abnormalities around the 
optic disk. ICGA shows peripapillary hypofl uo-
rescence indicating choriocapillaris non- perfusion. 
AIBSE can be associated with several primary 
infl ammatory choriocapillaropathies such as multi-
focal choroiditis and punctate inner choroidopathy.  

10.2.4.3    Differential Diagnosis 
 The main differential diagnosis of MEWDS is 
retrobulbar optic neuritis, and the best way to 
ascertain the diagnosis is the performance of an 
ICGA.  

10.2.4.4    Treatment 
 The lesions of MEWDS resolve spontaneously 
without treatment.    

10.2.5     Birdshot Retinochoroiditis 

10.2.5.1    Defi nition 
 Birdshot retinochoroiditis (BC) is a form of 
posterior uveitis, characterized by multiple, 

 distinctive, hypopigmented choroidal lesions, 
that is strongly associated with the human leuko-
cyte antigen (HLA)-A29 [ 153 ]. The term “bird-
shot retinochoroidopathy” was fi rst used in 1980, 
by Ryan and Maumenee [ 223 ], even though 
very recently the term is turning into “birdshot 
retinochoroiditis.”  

10.2.5.2    Etiology 
 The etiology of BC remains still receding. BC 
shows a strong association with the phenotype 
HLA-A29, which is present in 80–98 % of the 
white patients affected by this disease, compared 
to 7 % of controls [ 17 ,  18 ,  153 ]. The sensitiv-
ity (96 %) and specifi city (93 %) of HLA-A29 
phenotype can have a determining role in con-
fi rming the diagnosis [ 79 ]. BC has been diag-
nosed in 0.6–1.5 % of patients with uveitis who 
were referred to tertiary centers [ 168 ,  216 ]. BC 
is slightly predominant in females, with a mean 
age at onset of 53 years and with the majority of 
patients being Caucasians [ 229 ].  

10.2.5.3    Clinical Symptoms and Signs  
 BC does not seem to be associated with systemic 
disorders, with the exception of a few studies 
showing associations with hypertension [ 206 ], 
hearing loss and cutaneous vitiligo [ 89 ], and loss 
of brightness and luster of colors. Involvement is 
always bilateral but can be asymmetric. The most 
common presentation of patients affected by BC 
is characterized by varying degrees of painless 
visual loss, blurred visual acuity, fl oaters, para-
central scotomas, photopsias, and nyctalopia [ 89 , 
 126 ]. Visual acuity does not seem to be a spe-
cifi c marker for the disease severity [ 180 ]. The 
anterior segment usually remains quiet, but it can 
reveal a mild iritis associated with granulomatous 
keratic precipitates on the corneal endothelium in 
approximately 25 % of cases [ 142 ,  186 ]. Fundus 
examination reveals multiple, bilateral, ovoi-
dal, cream-colored birdshot lesions, distributed 
throughout the post-equatorial retina. These spots 
can be best visualized in the inferotemporal quad-
rant [ 153 ]. Biomicroscopic examination points 
out that lesions are located at the level of the cho-
roid and retinal pigment epithelium (RPE). The 
granulomatous nature of the infl ammation in BC 

 Core Message 

•     MEDWS is the result of primary infl am-
matory involvement of the choriocapil-
laris that in up to 50 % of cases is 
preceded by a viral fl u- like syndrome.  

•   Usually unilateral and unique episode.  
•   The characteristics of the fundus are dis-

crete discolorations in the midperiphery 
and granularity of the macula.  

•   Photoreceptors dysfunction.  
•   Visual fi eld changes and blind spot 

enlargement.  
•   ICGA hypofl uorescent dots and peri-

papillary hypofl uorescence resolving in 
two months.    
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has been verifi ed histopathologically in a recent 
autopsy case [ 91 ]. At the onset of disease, fundus 
examination shows papillitis, periphlebitis, few 
cream-colored lesions, and vitreous infi ltration 
which is usually present. Chronic cystoid macu-
lar edema (CME) is the most common compli-
cation of BC, occurring in up to 50 % of cases 
[ 206 ,  262 ]. The late fi ndings of BC consist in 
epiretinal membranes [ 206 ], optic atrophy [ 49 ], 
macular and peripapillary choroidal neovascular-
ization (CNV) in 6 % of cases [ 206 ], and RPE 
atrophy. The fundus fl uoroangiographic (FFA) 
fi ndings of the early and active phase show secto-
rial vasculitis mainly of the retinal veins, diffuse 
vasculitis of the retinal capillaries, pseudo-delay 
in arteriovenous circulation, optic disk hyper-
fl uorescence, and CME, while the long-lasting 
cases “old lesions” show window defects of atro-
phic areas with early hypofl uorescence and late 
hyperfl uorescence and vessel attenuation [ 191 ]. 
The angiographic fi ndings of indocyanine green 
angiography (ICGA) in the early and non-treated 
phase of the disease are numerous hypofl uores-
cent dark dots corresponding to stromal granu-
lomas (Fig.  10.21 ), regularly distributed along 
the posterior pole and midperiphery [ 190 ]. These 
dots may remain hypofl uorescent or become iso-
fl uorescent in the late frames of ICGA; another 
characteristic angiographic sign pointed out by 
ICGA is the vasculitis of the larger choroidal 
vessels. Ocular coherence tomography (OCT) is 

a complementary examination to FFA. It evalu-
ates macular thickness in case of vascular leak-
age, the photoreceptors inner/outer segment 
junction in cases of blurred VA, abnormal color, 
etc. The fundus autofl uorescence (FAF) exami-
nation reveals hypoautofl uorescence due to RPE 
atrophy, nonuniform correspondence between 
hypoautofl uorescent areas and birdshot lesions, 
linear hypoautofl uorescent streaks along retinal 
blood vessels which correspond to the visible 
changes at the level of the RPE, placoid hypo-
autofl uorescent area at the macula which is cor-
related to a best corrected VA ≤ 20/50, macular 
RPE atrophy which predicts a low central VA, 
and non- correspondence of the RPE atrophic 
areas to hypopigmented lesions suggesting an 
independent affection of the RPE and choroid 
[ 143 ]. Visual fi eld testing is a routine follow-up 
examination, and the occurrence or progression 
of visual fi eld changes is considered an indica-
tion to introduce therapy [ 68 ]. Visual fi led loss 
is much more indicative of the retinal dysfunc-
tion than VA alone. There are a variety of abnor-
malities despite normal best corrected VA such 
as multiple foci of scotomas, arcuate defects, and 
loss of the third highly refl ective band on OCT 
that is associated with retinal damage. The intro-
duction of immunomodulatory therapy (IMT) 
can reverse the visual fi eld loss related to retinal 
dysfunction [ 253 ]. Full-fi eld electroretinogram 
(ERG) becomes abnormal as the disease pro-

a b

  Fig. 10.21    Patient with Birdshot retinochoroiditis. Note 
the hot disk with few hyperfl uorescent spots at the FA ( a ); 
a different clinical assessment can be done at the ICGA 

( b ), where the distribution of the choroidal granulomata is 
better appreciated       
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gresses, a fact that indicates  relentless retinal 
deterioration. ERG shows decrease of the rod a- 
and b-wave amplitudes with an increase of their 
implicit times [ 85 ]. The most sensitive and preva-
lent abnormality is a delay of the cone system-
derived 30 Hz fl icker ERG [ 113 ].

10.2.5.4       Differential Diagnosis 
 The diagnosis of BC is mainly a clinical one, 
based on a careful ophthalmic examination and 
review of systems. The required diagnostic crite-
ria are bilateral disease, birdshot lesions ≥3 infe-
rior or nasal to optic nerve, low-grade anterior 
chamber infl ammation, and low-grade vitreous 
infl ammation. The supportive criteria are HLA- 
A29 positivity, retinal vasculitis, and CME. The 
exclusion criteria are posterior synechiae and 
other infectious, neoplastic, infl ammatory entity 
[ 155 ]. Diagnosing birdshot retinochoroiditis is 
most challenging at the onset of disease, particu-
larly if the typical birdshot lesions are subtle. The 
presence of the following signs such as mutton- 
fat keratic precipitates, hypopyon, or posterior 
synechiae in the early phase of the disease, in the 
majority of cases, is compatible with other patho-
logic entities such as Vogt-Koyanagi-Harada 
(VKH) disease, sarcoidosis, syphilis, and tuber-
culosis. The presence of concurrent systemic 
infl ammatory disease suggests an alternative 
diagnosis, such as posterior scleritis, sarcoidosis, 
syphilis, tuberculosis, VKH disease, or intraocu-
lar lymphoma. The short and usually self-limited 
course of both acute posterior multifocal placoid 
pigment epitheliopathy (APMPPE) and multiple 
evanescent white dot syndrome (MEWDS) will 
distinguish these entities from the chronic and 
protracted course of birdshot retinochoroiditis. 
Pars planitis can almost always be distinguished 
from birdshot retinochoroiditis either by the 
presence of snowballs or snowbanking or by the 
absence of birdshot lesions in later phases of the 
disease. Sarcoidosis is the disease that is most 
diffi cult to distinguish from birdshot retinocho-
roiditis, because it shares a chronic course, and 
fundus lesions can occur in patients with sar-
coidosis that mimics birdshot lesions [ 211 ,  264 ]. 
Patients with documented sarcoidosis who are 
HLA-A29-positive have been reported.  

10.2.5.5    Treatment 
 The mainstay of treatment has been the employ-
ment of systemic and periocular corticosteroids 
(CS). CS are very important in the short-term 
management of vitritis and CME, but they show 
an inconsistent and transient effi cacy in the long- 
term management because of the high mainte-
nance dose of >15 mg/day to prevent CME and 
the severe adverse effects [ 85 ]. The use of 
regional CS is mainly adjunctive, employed in 
the infl ammatory relapses in patients with sys-
temic therapy or in asymmetrical disease. The 
early introduction of IMT shows an inherent anti- 
infl ammatory effect and also a steroid-sparing 
effect of 10 mg/day of CS. The main treatment 
outcomes should include the reduction of infl am-
mation and recurrences, preservation or reversal 
of a possible visual fi eld loss, reduction of the 
risk of CME, and induction of long-term remis-
sion. The therapeutic modalities utilized in the 
treatment of BC include antimetabolites such as 
methotrexate (MTX), azathioprine, and myco-
phenolate mophetil (MMF); T-cell transduction 
inhibitors such as cyclosporine A (CSA), tacroli-
mus, and combination of MTX and MMF; bio-
logics such as adalimumab, infl iximab, and 
daclizumab; fl uocinolone acetonide implant; 
emerging therapies such as voclosporin, anti-
interleukin- 17 monoclonal, and interferon α-2a; 
and intravenous immunoglobulins (IVIG). The 
indications for initiating therapy are symptomatic 
patients with photopsias, fl oaters and nyctalopia, 
vitritis, retinal vasculitis, CME, and peripheral 
retinal dysfunction revealed by visual fi eld exam-
ination and ERG. A randomized, double-masked 
study comparing CSA to prednisolone in the 
treatment of endogenous uveitis by Nussenblatt 
RB et al. reported the effi cacy of CSA in the 
treatment of two patients affected by BC at a dose 
of 10 mg/kg/day [ 179 ]. These fi ndings were sup-
ported by Le Hoang et al., who treated 21 patients 
(42 eyes) affected by BC. There was a marked 
reduction of vitritis, improved visual acuity in 
54.8 % of eyes, stabilization of VA in 26.2 % of 
eyes, and marked reduction of retinal vasculitis at 
the dose of 10 mg/kg/day of CSA [ 151 ]. This 
dose of CSA is now known to be associated with 
a high rate of nephrotoxic and hypertensive 
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effects.    Vitale et al. reported favorable outcomes 
in 19 patients (19 eyes) treated with CSA at a 
dosage of 2.5–5.0 mg/kg/day alone in 8 patients 
or in combination with AZA 1.5–2.0 mg/kg/day 
in 5 patients. The remaining patients were on sys-
temic/periocular CS. Vitritis was controlled in 
88.5 % of the cases; VA improved or stabilized in 
83.8 % of the cases; there was a reduction of 
recurrences; and no nephrotoxic effects were 
observed [ 262 ]. Kiss et al. reported on a long- 
term follow-up of 81.2 months, in 28 patients 
affected by BC. All patients were treated with 
CS-sparing systemic IMT at some point during 
their follow-up: 92.9 % were treated with CSA, 
67.9 % with MMF, 17.9 % with AZA, 10.7 % 
with oral MTX, and 7.1 % with daclizumab. VA 
remained stable or improved in 78.6 % OD, 
89.3 % OS. The 30-Hz fl icker implicit time was 
prolonged in 58.3 % of initial ERGs and in 
62.5 % of fi nal ERGs. The bright scotopic ampli-
tude was abnormal in 45.5 % of initial and fi nal 
ERGs [ 141 ]. Rothova et al. reported on the effi -
cacy of low-dose MTX in 76 patients affected by 
BC, 46 of whom were followed for ≥ 5 years. 
The mean visual acuity underwent a statistically 
signifi cant increase over time in the MTX-treated 
patients, remained unchanged in patients on sys-
temic CS, and decreased in the patients without 
systemic treatment [ 218 ]. In a retrospective 
cohort study by Cervantes-Castaneda RA et al., 
there were 40 reported patients (80 eyes) affected 
by BC and treated with a combination therapy of 
CSA/MMF in a median time of 25.6 months with 
a median total patient follow-up of 52.6 months. 
At the 12-month point, a statistically signifi cant 
reduction of vitritis and CME was achieved. 
Infl ammatory control off systemic CS in 92.5 % 
of cases, long-term remission followed by 
absence of relapses in 64.9 % of cases, no reduc-
tion under 30 Hz of the amplitude/implicit times 
OD/OS, at least one relapse requiring change of 
IMT in 35.1 % of the cases, and a mean LogMAR 
VA not statistically different in both eyes were 
also reported [ 51 ]. In a report by Sorbin et al., 
there is satisfactory evidence of daclizumab 
employment in eight patients affected by BC and 
refractory to conventional IMT. The dose of 
daclizumab used was 1 mg/kg IV every 2 weeks 
with a mean follow-up of 25.6 months. Seven 

patients had either stabilization or improvement 
in visual acuity of both eyes and complete resolu-
tion of vitreous infl ammation. Six patients had 
resolution of vasculitis on fl uorescein angiogra-
phy. The ERG 30-Hz implicit times and the 
bright scotopic amplitudes worsened in some 
patients despite abolition of clinically evident 
infl ammation. Four patients were able to discon-
tinue all other IMT and remain infl ammation-free 
while receiving only daclizumab treatment. Two 
   patients developed adverse effects that led to 
daclizumab treatment discontinuation [ 241 ], 
while Yeh et al. bring another modality of high 
doses of daclizumab in two patients with BC. 
They used 8 mg/kg at day 0 and 4 mg/kg at day 
14. These treatment modality resulted in a mean 
visual acuity (10 eyes in 5 patients) that was 69.2 
ETDRS letters and following treatment was 78.2 
letters ( p  < 0.12). Anterior chamber cell, vitreous 
cell, and vitreous haze also improved in the 
majority of eyes. Adverse events were generally 
mild except for one episode of left-lower lobe 
pneumonia requiring hospitalization and treat-
ment [ 283 ]. In a recent paper by Artornsombudh 
et al., there are reports on infl iximab treatment of 
22 patients with BC refractory to conventional 
IMT. The mean duration of the disease prior to 
infl iximab was 58.62 months and the mean dura-
tion of infl iximab therapy 13.55 months. All 
patients received 4–5 mg/kg infl iximab at 4- to 
8-week intervals. The main outcome measures 
were abolition of all evidence of active infl amma-
tion, visual acuity (VA), and presence of CME at 
6 months and 1 year. Control of infl ammation 
was achieved in 81.8 % at 6 months and in 88.9 % 
at the 1-year follow-up. The rate of CME 
decreased from 22.7 % at baseline to 13.9 % at 6 
months and 6.7 % at 1 year after receiving the 
drug. Initial VA of 20/40 or better was found in 
34 eyes (84.1 %). At 6 months and 1 year, 91.7 
and 94.4 % of eyes, respectively, had VA of 20/40 
or better. Three patients had active infl ammation 
during therapy. Six patients developed adverse 
events requiring drug discontinuation [ 15 ]. Le 
Hoang et al. reported in a clinical study the toler-
ance and effi ciency of IVIG treatment in 18 
patients (36 eyes) with active BC with a mean 
follow-up of 39 months. IVIG was given as sole 
treatment at 1.6 g/kg every four weeks for six 

P. Neri et al.



201

months, followed by injections of 1.2–1.6 g/kg at 
6- to 8-week intervals. The results showed that 
the fi nal VA of the 26 eyes with an initial VA of < 
or =20/30 was increased by two or more lines in 
14 eyes (53.8 %) and decreased in two (7.7 %). 
When present, macular edema was improved in 
17/23 eyes on fl uorescein angiography and the 
visual fi eld improved in 20/26 eyes. Benign side 
effects were observed in 12 patients: moderate 
transient arterial hypertension (7), headache (6), 
eczematous lesions (6), and hyperthermia (4) 
[ 152 ]. In a retrospective, multicenter, interven-
tional case study, Rush et al., report on the out-
comes in 22 patients (36 eyes) affected by BC 
and HLA-A29 positive following intravitreal 
implantation of a fl uocinolone acetonide- 
containing drug delivery device. Nineteen of 22 
patients (32 eyes) completed 12 months of fol-
low- up with improvement in median visual acu-
ity ( p  = 0.015). Eyes with zero vitreous haze 
increased from 7 of 27 scored eyes (26 %) at 
baseline to 30 of 30 eyes (100 %) by 12 months 
( p  < 0.001). CME decreased from 13 of 36 eyes 
(36 %) at baseline to 2 of 32 eyes (6 %) at 12 
months ( p  = 0.006). Prior to implantation, 18 of 
22 patients (82 %) received immunosuppressive 
therapy vs. 1 of 19 (5 %) by 12 months ( p  < 0.001). 
Nineteen of twenty-two patients (32 eyes) com-
pleted 12 months of follow-up with improvement 
in median visual acuity ( p  = 0.015). Nineteen 
patients underwent cataract surgery, and all of the 
22 patients had ocular hypertension, while 33 % 
of the cases required glaucoma surgery or 
pressure- lowering therapy [ 222 ]. 

10.2.6        Acute Posterior Multifocal 
Placoid Pigment 
Epitheliopathy (APMPPE) 

10.2.6.1    Defi nition 
 APMPPE is a primary infl ammatory choriocapil-
laropathy characterized by sudden loss of vision 
caused by the sudden appearance of deep mul-
tiple yellow-white, fl at infl ammatory lesions.  

10.2.6.2    Clinical Symptoms and Signs  
 APMPPE has a predilection for young adults 
with peak occurrence between the ages of 20 
and 40 years and a range of 8–66 years [ 224 ] 
and both sexes are equally affected. APMPPE 
is most commonly bilateral and involvement 
may however be asymmetric and sequential in 
time. Patients present with sudden complaints 
of visual disturbance, photopsias, and scotomas 
without external evidence of ocular infl amma-
tion. During the active phase, fundus examina-
tion discloses multiple round, circumscribed, fl at, 

 Core Message 

•     BC is a chronic progressive, sight-
threatening disease.  

•   Early and aggressive IMT limits ocular 
structural damage, preserves global 
visual function, and establishes long-
term remission.  

•   The treatment threshold is suggested by 
the markers of progressive disease such 
as the clinical indices of intraocular 
infl ammation, visual fi eld  evaluation, 
ERG, and the various  imaging 
 modalities (Table     10.5 ).     

   Table 10.5    Treatment protocol for birdshot 
chorioretinopathy   

 Treatment protocol 

 A. Initial treatment with prednisone 1 mg/kg day 
  1. Up to 60 mg daily for 3–4 weeks 
  2.  Taper    CS off if possible, and if this seems not 

possible, try to achieve a maintenance dose of 
<10 mg/day 

 B. Initial treatment with antimetabolite 
  1.  CellCept 1 g bid; maximum 1.5 g bid when there 

is evidence of failing prednisone tapering 
  2.  MTX 15 mg/weekly with 1 mg folic acid daily; 

maximum 25 mg/weekly when there is evidence 
of failing prednisone tapering 

  3.  Consider initial combined therapy consisting of 
CSA/MMF 

 C. Adjunctive periocular/intravitreal CS for CME 
 D.  Add CSA (2.5–5.0 mg/kg/day) or tacrolimus 

(0.10–0.15 mg/kg/day) to the therapy with 
antimetabolites when there is evidence of signifi cant 
infl ammatory recurrence/failure prednisone tapering 

 E.  Advance to TNF-α inhibitor (infl iximab, 
adalimumab) when there is evidence of failing 
combined IMT, with signifi cant infl ammatory 
recurrence/failure prednisone tapering. Discontinue 
CSA/tacrolimus 

 F.  Consider fl uocinolone acetonide implant when there 
is evidence of systemic CS/IMT failure or 
intolerance 
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yellow- white, subretinal lesions involving the 
RPE. The lesions may be multiple and confl uent, 
forming large patches, and are localized mainly 
at the post-equatorial area. After several days 
to weeks, in the convalescent phase, the lesions 
begin to disappear leaving behind scattered areas 
of chorioretinal scars and mottling of the pigment 
epithelium in the zones of maximal involvement. 
Visual loss varies from minimal to severe and 
depends on the location of lesions. Visual fi eld 
testing identifi es the scotomas that are localized 
to the areas of fundus involvement. Other    ocu-
lar fi ndings include minimal anterior segment 
infl ammation and cells in the vitreous and serous 
retinal detachment that can be seen in severe 
and hyperacute cases. Most of the patients with 
APMPPE have a history of a preceding fl u-like 
syndrome before the onset of ocular symptoms ,  
([ 16 ,  60 ] (EBM: 2++, C)) and even preceding 
infectious episodes such as mumps and strep-
tococcal group A infection ([ 37 ] (EBM:3, D), 
[ 158 ] (EBM:3, D)). Most commonly, the disease 
has occurred once, but in rare instances, it may 
recur. ICGA shows geographic hypofl uorescent 
areas during all the course of the exam, while FA 
shows early hypofl uorescence followed by late 
hyperfl uorescence that has a geographic aspect. 
Electroretinography shows moderate and tran-
sient abnormalities in APMPPE ([ 195 ] (EBM:4, 
D)). In general, the visual prognosis in patients 
with APMPPE is good, and the time between the 
onset of visual loss and improvement may take as 
long as 6 months.  

10.2.6.3    Differential Diagnosis 
 The most important disease to exclude is the early 
stage of serpiginous choroiditis which can mimic 
APMPPE in the beginning. In the case of strong 
suspects of serpiginous choroiditis, the tubercu-
lar etiology must be ruled out. Vogt-Koyanagi- 
Harada is another pathology to be excluded in 
the hyperacute forms of APMPPE, and ICGA is 
essential.  

10.2.6.4    Treatment 
 Corticosteroids and/or immunosuppressive ther-
apy has not been proved to be useful in APMPPE. 
If the tubercular etiology has been ruled out, a 

systemic corticosteroid therapy can be consid-
ered in patients with macular involvement given 
the vasculitic component in APMPPE ([ 198 ] 
(EBM:4, D)).    

10.2.7     Vogt-Koyanagi-Harada (VKH) 
Disease 

10.2.7.1    Defi nition 
 VKH disease is a severe granulomatous bilateral 
panuveitis and multisystem disorder affecting the 
eyes, auditory system, meninges, and skin [ 173 , 
 239 ].  

10.2.7.2    Etiology 
 Although the exact etiology of VKH remains 
unknown, the underlying immunopathologi-
cal mechanism in VKH disease is believed to 
involve a T-cell-mediated autoimmune reaction 
against a melanocyte-related antigen, which is 
a member of the tyrosinase family of proteins 
[ 281 ]. VKH has been linked to human leuko-
cyte antigen DR4 (HLA-DR4) and HLA-Dw53 
[ 66 ], with the strongest associated risk for HLA-
DRB1*0405 haplotype [ 233 ]. In the United 
States, Nussenblatt et al. reported that 44 % of 
the patients in their series were blacks [ 181 ]. 
VKH is a common cause of endogenous uve-
itis in Japan, with at least 8 % of the total cases 

 Core Message 

•     Primary infl ammatory choriocapilla-
ropathy.  

•   APMPPE usually has self-limiting 
course and is characterized by bilateral 
discolorations at the posterior pole.  

•   The main symptoms are visual loss, sco-
tomas, and photopsias.  

•   FA: early hypofl uorescence late 
hyperfl uorescence.  

•   ICGA: hypofl uorescent areas.  
•   ERG shows no abnormalities.  
•   Most patients do not require therapy, but 

in cases of macular involvement, sys-
temic steroid therapy can be considered 
because of the infl ammatory etiology.    
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[ 247 ]. Most patients develop VKH in the second 
to fi fth decades of life, showing a slight female 
predominance [ 173 ,  247 ].  

10.2.7.3    Clinical Symptoms and Signs  
 The clinical course of VKH has been divided into 
four clinical stages [ 247 ]. The prodromal stage 
which mimics a systemic viral infection whose 
symptoms include fever, headache, nausea, ver-
tigo, orbital pain, meningismus, and tinnitus 
that represents a typical clinical symptom. The 
symptoms of prodromal stage normally last for 
a few days and are followed by the acute uve-
itis phase that lasts for several weeks. Patients in 
this stage present with acute blurring of vision 
and bilateral uveitis in both eyes in up to 70 % 
of patients [ 247 ], while the remaining 30 % may 
show a delay of 1–3 days regarding the involve-
ment of the second eye. The early fi ndings of the 
posterior segment consist in thickening of the 
posterior choroid, manifested as an elevation of 
the peripapillary retinochoroidal complex, and 
swelling of the optic nerve head [ 98 ]. Subsequent 
retinal pigment epithelium (RPE) breakdown 
causes multifocal exudative non-rhegmatoge-
nous retinal detachment which can give rise to 
frank bullous exudative retinal detachment. The 
swelling of the optic nerve head is a marker of 
severe infl ammation and is noted in 87 % of the 
patients with evolving disease [ 183 ]. The uveitis 
in the anterior segment initially may manifest as 
a nongranulomatous nature, which transforms 
into granulomatous at the later stages, causing 
mutton-fat keratic precipitates (KP) and iris nod-
ules. In the early stages, the anterior chamber 
may be shallow [ 138 ] because of ciliary edema, 
serous detachment of the ciliary body [ 96 ], and 
forward displacement of the lens- iris diaphragm. 
These fi ndings may cause a rise of the intraocular 
pressure (IOP) and acute angle closure glaucoma 
[ 139 ]. Harada’s disease represents the condition 
in which posterior uveitis, serous retinal detach-
ment, and cerebrospinal fl uid (CSF) pleocyto-
sis are the only manifestations of VKH disease, 
while the Vogt-Koyanagi disease represents the 
form associated with  bilateral iridocyclitis, vit-
iligo, poliosis, and auditory problems. The con-
valescent stage that follows may last for several 

months and is associated with depigmentation of 
the skin and uveal tract. Sugiura’s sign is a typical 
fi nding of early perilimbal depigmentation highly 
occurring in Japanese patients [ 84 ,  183 ]. The 
sunset glow fundus or depigmentation of the cho-
roid typically occurs 2–3 months after the uveitic 
phase [ 98 ]. Dalen-Fuchs-like nodules, similar 
to those described in sympathetic ophthalmia, 
are frequently found in the midperiphery. The 
chronic recurrent phase, which abruptly inter-
rupts the convalescent stage, is characterized by 
smoldering panuveitis with exacerbations of, typ-
ically, acute episodes of granulomatous anterior 
uveitis that are often resistant to systemic steroid 
therapy. Iris nodules are a characteristic fi nding 
of these recurrent episodes of disease. Being 
that VKH is a systemic disease, the presence of 
extraocular manifestations has an important role 
regarding the diagnosis. In the integumentary 
system, poliosis and vitiligo usually occur dur-
ing the convalescent stage. Headache is the most 
common neurological complaint [ 30 ]. CSF pleo-
cytosis has been found in 80 % of VKH patients 
[ 247 ]. Hearing loss usually involves the high fre-
quencies, but all the frequencies can be affected 
in the early stage [ 117 ]. In the acute stage of the 
VKH, fundus fl uorescein angiography (FFA) 
shows multiple punctate hyperfl uorescent dots 
at the RPE level, which gradually enlarge and 
pool in the subretinal fl uid underlying areas of 
exudative retinal detachment [ 90 ]. Optic nerve 
leakage is usually seen. In the chronic stage, FFA 
shows multiple window defects of the RPE or 
blocked fl uorescence corresponding to damage 
of RPE. In some eyes, choroidal neovasculariza-
tion (CNV) and subretinal fi brosis can occur as 
late complications [ 279 ]. The indocyanine green 
angiography (ICGA) fi ndings in the acute phase 
are represented by fi lling delay of larger choroi-
dal artery, fewer choroidal vessels in the poste-
rior and peripheral fundus, patchy fi lling delay of 
choriocapillaris, ICG dye leakage, and multiple 
hypofl uorescent spots, while in the convalescent 
phase, ICGA shows improvement of all the signs 
mentioned superiorly. The main ICGA signs for 
the evaluation of the infl ammation and follow-
up are hypofl uorescent dark dots (Fig.  10.22 ), 
early hyperfl uorescent choroidal vessels, fuzzy 
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choroidal stromal vessels, and ICGA optic disk 
 hyperfl uorescence [ 40 ,  41 ]. Recently, optical 
coherence tomography (OCT) has shown its 
importance in evaluating and monitoring serous 
retinal detachment during the acute and chronic 
phases of VKH disease [ 167 ,  193 ]. OCT can dis-
cover small serous detachments, otherwise not 
detectable by slit-lamp biomicroscopy [ 193 ]. 
Ultrasonography (USG) has shown its utility 
as a diagnostic tool in the presence of obscured 
fundus view or in atypical presentations of VKH 
[ 81 ]. Regarding the diagnosis of VKH disease, 
new criteria, taking into account the multisystem 
nature of Vogt-Koyanagi- Harada disease, with 
allowance for the different ocular fi ndings pres-
ent in the early and late stages of the disease, were 
formulated and agreed at the First International 
Workshop on VKH Disease on October 19–21, 
1999, at the University of California, Los 
Angeles, Conference Center [ 210 ].

10.2.7.4       Differential Diagnosis 
 The differential diagnosis of VKH disease 
includes other causes that manifest with gran-
ulomatous infl ammation, exudative retinal 
detachment, and white dot syndromes such as 
sympathetic ophthalmia, Lyme disease with ocu-
lar involvement, multiple evanescent white dot 
syndrome (MEWDS), posterior scleritis, acute 
posterior multifocal placoid pigment epitheliopa-
thy (APMPPE), and uveal effusion syndrome.  

10.2.7.5    Treatment 
 The typical treatment for VKH disease is high- 
dose corticosteroids (CS) in the range of 1–2 mg/
kg/day followed by a slow tapering of the drug 
for at least 3–6 months in order to prevent fur-
ther recurrence. Sasamoto et al. evaluated the 
signifi cance of corticosteroid therapy on 47 new 
patients with VKH disease in a follow-up period 
of 6 months. Eighteen patients received systemic 

a b

c d

  Fig. 10.22    FA of a patient with VKH disease. Note the 
widespread hypofl uorescent spots at the early phase ( a ), 
followed by the hyperfl uorescent spots at the late phase 

( b ). Early ( c ) and late ( d ) phases of ICGA show a more 
extended involvement compromising the retina       
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CS as pulse therapy, 20 patients received high-
dose CS starting with prednisolone 200 mg, 2 
patients received conventional-dose CS, and 7 
patients received no systemic CS therapy. After 
6 months, anterior chamber infl ammation was 
signifi cantly less in patients with pulse and high-
dose CS therapy than in those without systemic 
corticosteroid therapy, fi nal visual acuity was sig-
nifi cantly better in patients with pulse and high-
dose CS than in those without them, while there 
was no signifi cant difference between patients 
with pulse therapy and those with high-dose CS 
therapy [ 228 ]. In a paper of Rubsamen et al., we 
can fi nd a review of 26 patients (44 eyes) affected 
by VKH disease treated with systemic CS, for a 
median period of 6 months, that was prolonged 
(48 months) in patients who developed chronic 
uveitis. The disease recurred in nine (43 %) of 
21 patients in the fi rst 3 months, usually in asso-
ciation with a rapid tapering of steroid dosage, 
and a fi nal visual acuity of better than 20/30 in 
29 (66 %) of 44 eyes and of worse than 20/400 
in only 3 (7 %) of 44 eyes [ 221 ]. Yamanaka et al. 
evaluated through OCT the rapid effects of pulse 
CS therapy on the serous retinal detachment 
found at the acute phase of VKH disease on nine 
Japanese patients. OCT images showed a marked 
decrease in the retinal detachment immediately 
after the fi rst intravenous injection of CS and 
subsequent resolution [ 282 ]. A multicenter study 
has shown an equal effi cacy between the intra-
venous pulse steroid therapy and oral therapy 
with CS in improving the visual outcome [ 212 ]. 
Jaffe et al. investigated the safety and effi cacy 
of a fl uocinolone acetonide intravitreal implant 
in the treatment of 32 patients with a history of 
recurrent noninfectious posterior uveitis. None of 
these eyes experienced a recurrence for the fi rst 
2 years after implantation. There was a reduction 
in systemic and local therapy used in the device- 
implanted eyes. Infl ammation was effectively 
controlled over the follow-up period. The pos-
terior sub-Tenon capsule injection rate signifi -
cantly decreased from a mean of 2.2 injections 
per eye per year to 0.07 injections per eye per 
year. Mean baseline visual acuity for the device-
implanted eyes improved signifi cantly from +1.1 
logarithm of the minimum angle of resolution 

(logMAR) units to +0.81 logMAR units (20/125) 
at 30 months. The most common adverse event 
was intraocular pressure (IOP) rise [ 119 ]. In a 
case report by Perente et al., sub-Tenon triam-
cinolone acetonide injection is recommended in 
addition to systemic CS and cyclosporine (CSA) 
treatments if systemic medications fail to stop the 
progression of the VKH disease activity [ 199 ]. 
Despite proper treatment with CS, several stud-
ies reported the development of chronic recurrent 
granulomatous infl ammation and sunset glow 
fundus with peripapillary atrophy and depig-
mented small atrophic lesions at the level of RPE 
[ 3 ,  7 ,  194 ]. In the article of Paredes et al., the 
main focus was on the use of immunomodula-
tory therapy (IMT) in a group of patients with 
VKH disease and to compare the outcomes with 
those of another group of patients with VKH 
who were treated for prolonged periods with 
CS. Their results suggest that IMT as fi rst-line 
therapy for VKH is associated with a superior 
visual outcome when compared to CS as mono-
therapy or with delayed addition of IMT [ 194 ]. 
Recently, several studies suggested that the use 
of nonsteroid immunomodulatory therapy with 
CSA, azathioprine (AZA), methotrexate (MTX), 
and mycophenolate mofetil (MMF) as fi rst-line 
therapy in addition to corticosteroids is associ-
ated with good clinical results. In a retrospective 
chart review by Sachdev et al., the clinical pro-
fi le, management with AZA in association with 
CS, and outcome in seven patients with posterior 
segment recurrence in Vogt-Koyanagi-Harada 
(VKH) disease were reported. All the recurrent 
episodes of VKH were bilateral and were char-
acterized by vitritis (8 eyes), papillitis (14 eyes), 
multiple yellow-white oval subretinal lesions6 
eyes), and exudative retinal detachment (10 
eyes). The fi rst episodes of recurrence were man-
aged with oral CS (1.0–1.5 mg/day) and AZA 
(2.0–2.5 mg/day). Three patients experienced a 
second episode of posterior segment recurrence, 
which also responded to the CS-AZA combina-
tion [ 225 ]. In a recent retrospective analysis of 
87 patients, of whom 53 have initial-onset acute 
VKH disease and 34 have chronic recurrent 
VKH disease, Abu El-Asrar et al. recommend the 
use of CSA and MMF as fi rst-line therapy. The 
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results pointed out that this treatment modality 
signifi cantly reduced the development of com-
plications in the whole study group and in the 
initial- onset acute group, while the visual out-
comes improved in the whole study group and in 
the chronic recurrent group [ 2 ]. A recent paper by 
Cuchacovich et al. reported a prospective com-
parison between 2 immunosuppressive regimens 
in patients with active VKH disease in spite of 
systemic glucocorticoid treatment, in 44 patients. 
Twenty-one patients developed chronic intra-
ocular infl ammation in spite of glucocorticoid 
treatment and were randomized to receive either 
prednisone and AZA ( n  = 12) or prednisone and 
CSA ( n  = 9). The results suggested that both regi-
mens showed a good clinical effi cacy, but CSA 
seemed to be a better glucocorticoid- sparing 
agent than AZA [ 63 ]. Another prospective study 
by Abu El-Asrar et al. deals with the effectiveness 
of MMF as fi rst-line therapy combined with sys-
temic CS in 19 patients with acute uveitis related 
to VKH disease, with mean follow- up period of 
27.0 ± 11.1 months. The results showed a statisti-
cally signifi cant reduction of recurrent infl amma-
tion    ( p  = 0.0383) in the CS + MMF group (3 %) as 
compared to CS group (18 %). Development of 
all complications was signifi cantly higher in the 
CS group (43 %) compared with the CS + MMF 
group (8 %) ( p  < 0.001). None of the eyes in the 
CS + MMF group developed sunset glow fundus 
[ 3 ]. A case report by Dolz-Marco et al. reports 
the employment of rituximab in a patient with 
chronic recurrent VKH, refractory to conven-
tional IMT treatment [ 73 ]. Wu et al. reported in 
their paper the usefulness of intravitreal bevaci-
zumab in two patients who had developed subfo-
veal and extrafoveal CNV due to VKH disease.    

 Core Message 

•     VKH is a multisystem autoimmune dis-
order selectively targeting tissues con-
taining melanocytes.  

•   Ocular symptoms are preceded by head-
ache, dysacousia, or tinnitus.  

•   The    ocular fi ndings in the acute stage 
include bilateral and multifocal serous 

retinal detachment and swelling of the 
optic disk, while in the convalescent 
phase, the main fi ndings are sunset glow 
fundus and irregular and linear pigmen-
tation, which may result long after the 
onset of the disease.  

•   The main FFA fi ndings of the acute 
phase include multiple punctate hyper-
fl uorescent dots at the RPE level, pool-
ing in the subretinal fl uid, and optic 
nerve leakage. The convalescent stage 
results in window defects due to RPE 
damage. The ICGA fi ndings of the acute 
stage consist in by fi lling delay of larger 
choroidal artery, fewer choroidal vessels 
in the posterior and peripheral fundus, 
patchy fi lling delay of choriocapillaris, 
ICG dye leakage, and multiple hypofl u-
orescent spots, while in the convalescent 
phase ICGA shows improvement of all 
the signs mentioned superiorly.  

•   Though ocular infl ammation responds 
to CS therapy, there is progressive 
depigmentation of the fundus. The dam-
age to melanocyte- containing tissues 
goes on resulting in vitiligo, alopecia, 
and poliosis.  

•   The principles of therapy in VKH dis-
ease are directed towards the suppres-
sion of the initial intraocular 
infl ammation in the acute posterior uve-
itis stage with early and high-dose sys-
temic CS followed by slow tapering, but 
despite proper treatment with cortico-
steroids, several studies have reported 
the development of chronic recurrent 
granulomatous infl ammation and sunset 
glow fundus with peripapillary atrophy 
and depigmented small atrophic lesions 
at the level of retinal pigment epithe-
lium. Recently published evidence is 
suggesting that the employment of non-
steroid immunomodulatory therapy 
with CSA, AZA, MTX, and MMF as 
fi rst-line therapy in addition to CS is 
associated with good clinical results.    
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10.2.8     Sympathetic Ophthalmia (SO) 

10.2.8.1    Defi nition 
 SO is a bilateral diffuse granulomatous panuve-
itis occurring either after surgery or penetrating 
trauma to one eye. The eye responsible for ini-
tiation of the infl ammation is called exciting eye 
while the noninjured eye is known as the sympa-
thizing eye. Penetrating or surgical injury to the 
exciting eye leads to an infl ammatory response in 
both the exciting and the sympathizing eye [ 6 ].  

10.2.8.2    Etiology 
 Trauma was considered as the most common 
precipitating event [ 6 ], while the recent papers 
tend to consider ocular surgery as a major risk 
factor, particularly vitreoretinal surgery [ 88 ,  136 , 
 204 ]. Kilmartin et al. [ 136 ] calculated the risk 
of developing SO in retinal surgical procedures, 
which resulted to be higher more than twice the 
risk of developing endophthalmitis after vitrec-
tomy. Continuous advances in the management 
of traumatized eyes associated with less invasive 
microsurgical techniques may be held responsi-
ble for the observed etiologic and epidemiologic 
changes from penetrating injuries to surgical 
traumas. Other etiologic factors involved with 
the development of SO are laser and surgical 
procedures such as glaucoma fi ltration surgery, 
peripheral iridectomy, cataract surgery, scleral 
buckling, evisceration, Nd-YAG laser cyclo-
therapy, and cyclocryotherapy [ 95 ,  99 ,  109 ,  163 , 
 230 ,  235 ].  

10.2.8.3    Clinical Symptoms and Signs  
 SO is a bilateral granulomatous uveitis occurring 
either after intentional or unintentional penetrat-
ing trauma to one eye. The latent period is usu-
ally between 2 weeks and 3 months; however, 
there are reports of cases presenting as early as 
5 days and as late as 66 years after the incident 
[ 261 ,  285 ]. Approximately 80 % of cases present 
within the fi rst 3 months and 90 % of cases pres-
ent by 1 year of the penetrating trauma [ 159 ]. The 
infl ammatory response in the anterior chamber 
is a granulomatous one, with mutton-fat keratic 
precipitates (KPs) on the corneal endothelium 
and the typical fi ndings of acute anterior uveitis 

such as ciliary fl ush, pain, and photophobia in the 
sympathizing eye. Iritis may manifest with poste-
rior synechiae. In the early stages, the infl amma-
tion may be nongranulomatous, associated with 
cells in the retrolental space. Intraocular pressure 
(IOP) may be high or low as a result of infl am-
matory cells crowding the trabecular meshwork 
or ciliary shutdown, respectively. The posterior 
segment fi ndings typically consist of moderate to 
severe vitritis associated with papillitis and mul-
tiple peripheral white to yellow choroidal lesions, 
which later show a tendency towards confl uency. 
These represent the clinical appearance of Dalen- 
Fuchs nodules. Papillitis is an important marker 
of disease activity and progression. The clinical 
appearance of SO varies within a mild to severe 
range. In a long-term study of Gupta et al., the 
most important posterior segment manifestations 
were exudative retinal detachment in the majority 
of patients, Dalen-Fuchs nodules, papillitis, and 
vasculitis as secondary events [ 103 ]. The compli-
cations of chronic infl ammation include second-
ary glaucoma, cataract, and chronic maculopathy. 
Misdiagnosis and inappropriate treatment of this 
condition may result in severe infl ammatory 
sequela such as retinal and optic atrophy, infl am-
matory choroidal neovascularization (CNV), cho-
roidal atrophy, and phthisis bulbi [ 103 ]. Rarely, 
SO may be associated with the typical extraocular 
fi ndings accompanying Vogt-Koyanagi- Harada 
syndrome, such as alopecia, vitiligo, cells in the 
cerebrospinal fl uid, and dysacousia. In the acute 
phase of SO, fundus fl uorescein angiography 
(FFA) shows multiple hyperfl uorescent sites of 
leakage at the retinal pigment epithelium (RPE) 
in the transit stage, while in the late phase, FFA 
shows late leakage. In severe cases, the sites of 
leakage may coalesce, with pooling of dye and 
consequent exudative neurosensory detachment. 
Late staining of the optic nerve head may some-
times be seen. Dalen- Fuchs lesions may appear 
hyper- or hypofl uorescent, depending on the RPE 
condition [ 231 ]. During the intermediate phase 
of indocyanine green angiography (ICGA), the 
examiner observes hypofl uorescent areas [ 31 ]. 
During the late phase of ICGA, the hypofl uores-
cent areas seen in the intermediate phase may per-
sist or may fade to isofl uorescent ones, refl ecting 
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the behavior of full-thickness and partial-thick-
ness choroidal granulomas, respectively. Late 
atrophic lesions of SO appear as hypofl uorescent 
areas, not changing their behavior in ICGA even 
in the presence of systemic corticosteroids (CS).  

10.2.8.4    Differential Diagnosis 
 SO represents a clinical diagnosis, relying essen-
tially on a history of ocular trauma or surgery, 
which evolves in a bilateral granulomatous uve-
itis. The clinical fi ndings of SO may be diffi cult 
to distinguish from those of VKH [ 98 ]. Patients 
with VKH do not have history of trauma. They 
typically show bilateral localized exudative neu-
rosensory detachments, a sign which is absent 
in SO patients. VKH patients frequently pres-
ent with auditory, integumentary, and meningeal 
signs, which are very rare in SO patients. VKH 
has a predilection for darkly pigmented races 
such as blacks and Asians, and most patients are 
affected during the 2nd–5th decades of life, while 
SO is not associated with these epidemiologic 
factors. VKH shows a tendency to involve cho-
riocapillaris during its course, while SO does not. 
Other important differential diagnoses include 
granulomatous conditions such as tuberculosis, 
sarcoidosis, infective endophthalmitis, intraocu-
lar lymphoma, and lens-induced uveitis.  

10.2.8.5    Treatment 
 Management of SO patients includes surgical 
and medical treatment. Enucleation of the injured 
eye is generally recommended within 14 days 
after ocular injury [ 159 ]. Because of the decreas-
ing incidence of injured eyes developing SO, this 
approach is no longer advised. Nowadays, a lot of 
controversy exists regarding the value of enucle-
ation once the infl ammatory process has begun, 
as the exciting eye may actually present with bet-
ter visual acuity (VA) than the sympathizing one. 
Lubin et al. reported that early enucleation of the 
exciting eye after onset of symptoms in the fel-
low eye was found to improve visual prognosis 
([ 32 ] EBM C 2 +), while in another review of 
Winter, there are reports that show no benefi ts 
from enucleation of the exciting eye ([ 272 ] EBM 
D 4). Corticosteroids have served as the main-
stay of treatment following onset ([ 52 ] EBM B 

2+), which are used as intravenous, oral, topi-
cal, or regional injections ([ 54 ] EBM D 3, [ 110 ] 
EBM C3, [ 187 ] EBM D3). Nussenblatt et al. are 
recommending 3 months of high daily dose of 
1–2 mg/kg CS, tapering in three to six months 
and considering uveitis quiescent with a mainte-
nance dose of ≤15 mg of CS ([ 178 ] EBM D 4). In 
severe cases of SO, short courses of intravenous 
CS may be considered [ 110 ]. In cases that seem 
to be refractory to corticosteroids and in patients 
who show signifi cant systemic side effects, 
steroid- sparing therapy that combines systemic 
corticosteroids and other immunosuppressive 
agents such as cyclosporine or azathioprine 
can improve prognosis, particularly in patients 
that have initial response to steroid but exhibit 
rebound activity when steroid is tapered to lower 
doses. Combining CS with other steroid-sparing 
agents such as cyclosporine A (CSA) and aza-
thioprine (AZA) has shown benefi ts in patients 
that are refractory to the association of CS with 
a single immunosuppressive agent ([ 106 ] EBM 
C 3, [ 263 ] EBM C3). Nussenblatt suggests the 
employment of triple immunosuppressive ther-
apy in patients where SO is diffi cult to control, 
such as CS, CSA, immunosuppressive agents, 
and biologics ([ 178 ] EBM C 4). Being that in 
attendance to recent studies, evidence suggests 
that sympathetic ophthalmia represents an auto-
immune infl ammatory response against choroidal 
melanocytes mediated by T cells ([ 65 ] EBM C 3, 
[ 203 ]); CSA represents the steroid-sparing agent 
of choice in CS refractory SO. Therapies includ-
ing immunosuppressive agents such as myco-
phenolate mofetil (MMF) and chlorambucil have 
shown effi cacy in patients refractory to “conven-
tional” treatment ([ 149 ] EBM D3, [ 251 ] EBM 
D 3). Disruption of leukocyte recruitment by 
targeting gelatinase B (matrix metalloproteinase-
 9), CCL2, and CXCL12 may hold promise for 
future treatments ([ 4 ] EBM D 3). Furusato et al. 
reported that M1 macrophages, IL-23, CCL19, 
CXCL11, and IL-17 predominate within the 
granulomatous infi ltrates of SO, fi ndings which 
suggest the targeting of M1 macrophages and 
their cytokines and chemokines, Th17, or Th1 
lymphocytes ([ 86 ] EBM D 3). Treatment with 
anti-TNFα agents has been used for uveitis sug-
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gesting potential  benefi t for sympathetic ophthal-
mia ([ 259 ] EBM D 3). Mahajan et al. examined 
the results of fl uocinolone acetonide implantation 
(Retisert) in eight patients with active SO report-
ing satisfactory control of infl ammation and a 
decrease in the dependence on systemic immu-
nosuppression ([ 162 ] EBM D 3).        
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11.1            Introduction 

 Macular edema is a frequent long-term complica-
tion of chronic uveitis, confi rmed by a number of 
epidemiological studies. Its prevalence among 
uveitis patients is estimated between 20 and 30 % 
and is a major cause of permanent vision loss 
[ 1 – 3 ]. About 35 % of uveitis patients with a 
vision less than 0.1 (6/60) have macular edema, 
though its prevalence as a cause of poor vision 
varies with the duration of uveitis. It is reported 
in 17 % of cases at year 1 and increases to 30 % 
by year 5 [ 4 ]. 

 It develops typically in patients with posterior 
uveitis, but it can be seen in patients with iso-
lated anterior segment infl ammation, in particu-
lar HLA-B27-related uveitic syndromes [ 2 ]. 
Among the posterior pole entities with the high-
est prevalence of cystoid macular edema, bird-
shot retinochoroidopathy, sarcoidosis, and 
intermediate uveitis stand out, present in 60 % or 
more of patients with disease of more than 1 year 
duration [ 2 ,  5 ,  6 ]. Signifi cant vision impairment 
due to macular edema is also reported in the 
presence of acute retinal necrosis or toxoplasmo-
sis but at an incidence of less than 15 %. Chronic 
macular edema has a signifi cant impact on the 
quality of life of patients: affecting their ability 
to read and their function in society and in com-
parison to other causes of macular edema, in a 
younger population, often between 30 and 50 
years of age [ 7 ,  8 ].   
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11.2      Defi nition and Etiology 

 Macular edema is present whenever retinal thick-
ening is caused by the presence of intraretinal 
cysts or lacunae. It is caused by an imbalance 
between fl uid infl ux and fl uid clearance. Edema 
develops by vascular leakage (vasogenic edema) 
and/or neuronal and glial cell swelling (cytotoxic 
edema) [ 9 ]. The oncotic pressure within the 
extracellular compartment is regulated by water 
transport across the blood-ocular barrier formed 
by tight junctions in retinal capillaries and 
between retinal pigment epithelial cells. 
Breakdown in either of these barriers can lead to 
leakage of fl uid and protein into the interstitial 
space. Under normal physiologic conditions, 
IOP-driven bulk fl ow and choroidal osmotic pres-
sure promote passive fl uid reabsorption by the 
RPE, preventing the buildup of subretinal fl uid 
[ 10 ]. Active RPE fl uid transport is required to 
oppose oncotic water accumulation when the 
blood-retinal barrier is disrupted and proteins 
aberrantly enter the subretinal space [ 11 ]. 
However, in the retina, the plexiform layers con-
stitute a high-resistance barrier against paracel-
lular fl uid movement [ 12 ]. To eliminate fl uid 
accumulating in the inner retina, a transcellular 
water fl ux is required, which occurs through 
Mueller cells [ 13 ]. Aquaporins and chloride 
intracellular channels (AQP1 and 4, CLIC4) play 
an important role in this active transport process, 
particularly at the apices of RPE cells and along 
the footplates of Mueller cells [ 9 ,  14 ]. Silencing 
CLIC4 in RPE cells leads, for example, to the 
appearance of serous retinal detachments [ 14 ]. 
Modulation in the expression of these channels is 

infl uenced by infl ammation as has recently been 
demonstrated [ 15 ,  16 ]. 

 Severity and persistence of macular edema 
may be infl uenced by additional factors. 
Vasodilatation induced by infl ammation results 
in increased vascular fl ow and intraluminal pres-
sure. Hence, systemic diseases which alter hemo-
dynamics or vascular wall plasticity such as 
hypertension, diabetes, and hypercholesterol-
emia may favor the development and persistence 
of macular edema as was shown in a retrospec-
tive study in 2004 [ 17 ]. Mechanical vitreous trac-
tion on the fovea or leakage from the optic nerve 
can enhance or favor the persistence of edema 
[ 18 ,  19 ]. Smoking also acts as an independent 
risk factor for both diabetic and uveitic macular 
edema [ 20 – 22 ]. Smoking has been shown to 
increase TNF-α activity in the peripheral blood 
of rheumatoid arthritis patients [ 23 ]. Both the 
cellular and humoral components of the immune 
system are affected [ 24 ]. While the role of smok-
ing in initiating or aggravating immune mediated 
diseases is established, it is less clear if cessation 
can lead to an improved outcome. There are cur-
rently no articles published on this subject in the 
ophthalmic literature. A prospective trial in rheu-
matoid arthritis patients suggests that those who 
stop smoking for 6 or more months maintain the 
same severity disease scores as smokers, both of 
which are higher than for nonsmokers [ 25 ]. It 
may take several years, up to 20 years according 
to some authors, for severity scores to return back 
to those of nonsmokers [ 26 ].   

 Core Message 

•     Macular edema is a major cause of 
severe vision loss in patients with uveitis 
[EBM: 2++, B].  

•   Prevalence varies depending on the dis-
ease entity. It is particularly frequent in 
intermediate uveitis and birdshot retino-
choroiditis [EBM: 2+, C].    

 Core Message 

•     Active fl uid transport occurs through the 
RPE and Mueller cells in cases of fl uid 
overload.  

•   Aquaporin and chloride intracellular 
channels play an important role in the 
active transport process. Their expres-
sion is modulated by infl ammation.  

•   Smoking is an independent risk factor. 
Cessation has not been studied so far in 
uveitis. In other infl ammatory diseases, 
it does not provide short-term benefi ts 
[EBM: 1+, A].    
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11.3     Clinical Symptoms and Signs 

 A decrease in vision is the main symptom of 
macular edema. This may be associated with 
metamorphopsia when associated with a macular 
traction syndrome. The vision decrease may be 
fl uctuating based on the severity of the macular 
edema. In subtle cases, it may be more noticeable 
when reading rather than with distance vision [ 7 ]. 

 Clinically on biomicroscopy, cystic spaces of 
various sizes, possibly associated with intrareti-
nal hemorrhages, or wrinkling of the retinal sur-
face is seen. When affecting the foveal region, 
particularly in very early stages, a yellow color-
ation to the cysts (due to the lutein located in the 
superfi cial retina) can be seen. This is absent with 
more prolonged involvement. With the advent of 
spectral OCT, the extent of retinal involvement 
can be precisely defi ned. OCT is required for 
adequate evaluation and follow-up of patients 
[ 27 – 31 ]. Its drawback is a focus limited to the 
macular area. Hence, biomicroscopy and fl uores-
cein angiography remain useful to determine the 
overall severity of posterior pole involvement. 

11.3.1     Fluorescein Angiography 

 Retinal vascular integrity in the retina and optic 
nerve can be determined by using fl uorescein 
angiography. During the arteriovenous phase, the 

integrity of the perifoveal vascular network can 
be assessed as well as the location and severity of 
vascular leakage. Leakage can be present on the 
basis of localized ischemia or on the basis of 
infl ammation (Fig. 11.1 )  [ 32 ]. Infl ammation gen-
erally causes a more diffuse microvascular leak-
age, though it may be patchy in nature. It will not 
be limited to the zone surrounding the foveal 
avascular zone or areas of non-perfusion [ 19 ]. 
The frames taken during the venous phase pro-
vide information on the extent and severity of dif-
fuse microvascular leakage originating from 
either the retina or the RPE (Fig. 11.2 ) , as well as 
providing an indication of large vessel involve-
ment. Optic disk leakage and hyperfl uorescence 
can be assessed in late frames and is often present 
in chronic macular edema [ 18 ,  33 ,  34 ]. In cases 
of choroidal infl ammation, ICG may provide 
additional information regarding the severity of 
disease and help orient the choice of immunosup-
pression [ 35 ].  

11.3.2     OCT 

 Optical coherence tomography (OCT) provides 
reliable cross-sectional images of the retina and 
remains clinically useful in the presence of media 
opacity particularly when using high-defi nition 
systems [ 36 ]. Studies using time domain OCT 
were able to show a negative correlation between 

  Fig. 11.1      Early midphase ( left ) and late ( right ) angiograpm 
of a patient with intermediate uveitis. The uveitis shows lim-
ited activity. The foveal avascular zone is increased in size 
with microvascular dilatation. The macular edema observed 

here is mainly due to loss of vascular channels and not due 
to infl ammation response. Therapy is oriented towards the 
stabilization of the blood-ocular barrier       
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visual acuity and central macular thickness but 
were poorly correlated with the likelihood of 
vision recovery [ 31 ,  37 ]. Certain structural cor-
relates such as the presence of cystoid versus dif-
fuse edema were shown to have prognostic 
signifi cance, as the former is associated with a 
higher probability for vision improvement after 
treatment [ 31 ]. The presence of a partially intact 
junction between the inner and outer photorecep-
tor segments is also positively correlated with 
visual improvement [ 5 ,  38 ]. Foveal serous 
detachment presents in about 15 % of uveitis 
patients with macular edema and mostly during 
its acute phase [ 27 ,  39 ]. However, it does not 
impact on visual recovery [ 31 ]. In cases of dif-
fuse edema, microperimetry may be an interest-
ing adjunct to assess the potential for vision 
recovery [ 32 ,  40 ,  41 ]. 

 There has been a recent effort to fi nd a correla-
tion between vision and retinal thickness and 
defi ne a minimum signifi cant change for clinical 
response. Correlations within aggregate data 
have been disappointing [ 29 ,  31 ]. Based on such 
correlations, a 20 % reduction in retinal thickness 
is associated with a balanced percentage of false- 
positives and false-negatives for a 10-letter 
change in visual acuity (77 % sensitivity and 
75 % specifi city) [ 29 ]. A better correlation 

between thickness and vision can be obtained by 
transforming retinal thickness to a logarithmic 
scale [ 42 ]. Such transformations tend to normal-
ize measurements while maintaining their statis-
tical integrity and achieve a certain degree of 
linearity [ 43 ]. However, wide variations in slopes 
are observed between patients indicating that the 
degree of vision recovery is not only dependent 
on thickness but intrinsic factors within the retina 
and duration of disease [ 29 ].    

 Core Message 

•     SD-OCT provides prognostic informa-
tion with regard to vision improvement 
[EBM: 2++, B].  

•   Cystoid edema is associated with vision 
improvement after treatment [EBM: 
2++, B].  

•   A partially intact inner-outer segment 
junction is correlated with potential 
vision improvement [EBM: 2+, C].  

•   Foveal serous detachment is present 
early in 15 % of cases and does not 
appear to have prognostic signifi cance 
[EBM 2+, C].    

  Fig. 11.2      Mid ( left ) and late ( right ) phase angiogram 
showing preservation of the foveal avascular zone, and 
diffuse microvascular leakage. Leakage is present both in 
the retinal vasculature and at the level of the RPE. 

Assessment of the level of leakage is facilitated by using 
stereo images. Note in the late image the lack of cystoid 
edema, but rather a diffuse leakage more prominent on the 
temporal side       
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11.4     Differential Diagnosis 

 There is little diagnostic challenge in establishing 
the diagnosis of macular edema. The clinical 
signs as well as adjunctive imaging should con-
fi rm the diagnosis without much diffi culty. 
Several factors which potentially can aggravate 
the disease have been mentioned in Sect.  11.2  
including diabetes, vaso-occlusive disease, and 
vitreomacular traction. 

 Macular edema can also occur in what are best 
considered infl ammatory masquerades [ 6 ]. It may 
be necessary to differentiate these from true 
infl ammatory edema. Retinal detachments with its 
associated ischemia may lead to macular edema as 
well as an apparent infl ammatory response. Not 
uncommonly, retinitis pigmentosa patients develop 
a mild vitritis and a clearly visible macular edema 
on OCT [ 44 ]. Vascular anomalies such as macular 
telangiectasis type I (Coat’s disease) and IRVAN 
syndrome should also be considered [ 45 ,  46 ]. Both 
topical and systemically administered drugs may 
be to blame, including prostaglandin analogs 
[ 47 ,  48 ], epinephrine, nicotinic acid, tamoxifen, 
thiazolidinediones [ 49 ], and sphingosine-1-phos-
phate receptor modulators (fi ngolimod) [ 50 ]. 

 Recently, the prevalence of macular edema 
was shown to be higher in both diabetes and cen-
tral serous retinopathy in patients suffering from 
sleep apnea [ 51 ,  52 ]. Such an association has not 
yet been shown in uveitis but may be present. 
Treating the apnea has not so far modifi ed the 
severity of macular edema.  

11.5     Treatment 

 A systematic review was published in 2011 
which reviewed the effectiveness of immunosup-
pressants and biological therapies in the treat-
ment of macular edema due to noninfectious 
uveitis [ 53 ]. PubMed, MEDLINE, and EMBASE 
were searched from inception to October 2007 
using terms to catch uveitis and CME. Of the 
1,833 articles found on the treatment of CME, 
only 18 articles were retained based on their 
search criteria. Between 2007 and July 2012, an 
additional 292 articles were identifi ed in 

MEDLINE using as search terms noninfectious 
uveitis and edema. Of these, 24 articles related to 
the pharmacological management of macular 
edema. All above articles were reviewed and 
complemented with additional articles mentioned 
in their reference list. The results of the review 
are summarized in Table  11.1 .

   No consensus has emerged for the manage-
ment of infl ammatory macular edema. Guidelines 
have been proposed on two recent occasions [ 54 , 
 122 ]. A group of uveitis experts were polled for 
their preferred treatment in the presence of bilat-
eral edema [ 28 ]. 

 The management of a patient with uveitis and 
macular edema starts with the elimination of an 
infectious cause and the treatment of any under-
lying systemic infl ammation. Acute disease is 
likely to respond to a course of systemic or peri-
ocular corticosteroids supplemented if needed 
with acetazolamide. If this treatment is insuffi -
cient or in the presence of chronic uveitis, the 
choice of secondary treatment will depend on 
whether one or both eyes are affected. In the case 
of unilateral disease, local treatment will be pre-
ferred. Periocular steroids (triamcinolone 40 mg) 
are generally effective with a primary success 
rate of about 50 % increasing to 80 % with a sec-
ond injection [ 58 ]. A more rapid initial response 
can be obtained by direct intraocular injection 
(triamcinolone free of preservative 4 mg) 
(Table  11.1 ). RTC data for the fl uocinolone 
implant suggests a rapid and sustained decrease 
in edema following implantation [ 76 ,  77 ]. A sim-
ilar response is observed with the dexamethasone 
implant for up to 6 months [ 80 – 82 ]. Among 
newer intravitreal agents used to control macular 
edema, methotrexate (400 μg in a standard size 
eye) appears to provide a sustained effect for up 
to 4 months, but a reduced effect may be observed 
following repeated injections [ 111 ,  112 ]. Anti- 
VEGF antibodies (bevacizumab 1.25 mg) in 
combination with other modalities may be an 
interesting adjunct [ 59 ,  123 ]. 

 In the presence of bilateral disease, a prefer-
ence will be given to systemic immunomodula-
tors in fi rst instance. Bilateral implantation has 
been proposed and, from the MUST trial, 
appears to be equivalent to tight systemic  control 
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of infl ammation [ 76 ]. Mounting evidence indi-
cates that interferon 2a (various dosing regi-
mens have been proposed) may be a particularly 
good choice for patients in whom more conven-
tional systemic immunosuppression is not ade-
quate. Other biologics such as the anti-TNF 
agents may also be of benefi t, particularly in 
patients with Behçet’s disease. Sustained release 
devices in patients with bilateral disease may be 
considered but are not readily available in many 
countries. 

 In macular edema present without evidence of 
active uveitis, certain alternatives have been pro-
posed including the use of octreotide [ 108 ,  109 ], 
interferon 2a [ 89 ,  90 ], and intravitreal implants. 
Response to treatment in these cases depends on 
a prolonged and sustained effect as it may take 
several weeks to see any improvement. Cessation 
of therapy is often accompanied by recurrences 
over a number of weeks. In all cases, therapy 
should be tailored to the patient’s needs and 
responses.   

11.6     Future Directions 

 Identifying patients at risk and determining which 
patients will benefi t from therapy requires further 
elucidation. While the OCT has helped us to iden-
tify patients with macular edema, it is diffi cult 
based on the images currently available to predict 
who will benefi t from therapy. A better under-
standing of the mechanisms underlying the devel-
opment of macular edema may allow us to provide 

more specifi c therapy particularly in patients with 
more chronic infl ammation. Currently, the levels 
of medications given to patient often refl ect a 
need to control macular edema and exceed the 
levels required to prevent other manifestations of 
infl ammation. Pharmacological agents with fewer 
side effects, which can be administered locally 
with a prolonged intraocular effect, require fur-
ther development.     
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     Ocular infl ammation is a signifi cant cause of 
ocular morbidity and visual impairment. Topical, 
periocular, intraocular, and systemic corticoste-
roids all are highly effective for treating appro-
priate forms of ocular infl ammation, but use 
of corticosteroids is constrained by a high risk 
of local and/or systemic side effects, especially if 
long-term therapy is required. As a result, draw-
ing upon the discipline of rheumatology, immu-
nosuppressive agents increasingly have been used 
to manage ocular infl ammation alongside or in 
place of corticosteroids. The four major catego-
ries of immunosuppressive drugs currently used 
for ocular infl ammatory diseases include antime-
tabolites, T-cell inhibitors, alkylating agents, and 
“biologics” (Table  12.1 ).

   The antimetabolites most commonly used 
to treat ocular infl ammatory diseases are 
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 methotrexate [ 1 ], mycophenolate mofetil [ 2 ], 
and azathioprine [ 3 ], although mycophenolic 
acid [ 4 ] has been suggested as potentially useful 
as well. With the exception of mycophenolic 
acid, all of these agents are available in generic 
form, and for methotrexate and azathioprine, 
decades of experience with use in other fi elds are 
available. Among T-cell inhibitors, cyclosporine 
[ 5 ] (also available as a generic) has been most 
widely used for ocular infl ammatory diseases, 
although use of tacrolimus [ 6 ] is on the increase, 
and sirolimus has been suggested as potentially 
useful [ 7 ] but is not presently widely used. 
Alkylating agents, predominantly cyclophospha-
mide [ 8 ] and chlorambucil [ 9 ], are generally 
reserved for severe cases because of high toxic-
ity risk (see below) and appear to have the unique 
property of inducing medication-free disease 
remission (as opposed to suppression) in a sub-
stantial number of cases. A wide range of biolog-
ics have been suggested as useful for ocular 
infl ammatory disease, but for a discussion of 
safety, we will focus on the agents most widely 
used for ocular infl ammation currently: tumor 
necrosis factor (TNF) inhibitors [ 10 ] (predomi-
nantly infl iximab and adalimumab at the present 

time) and emerging agents including interferons 
[ 11 ] and rituximab [ 12 ]. 

 Immunosuppression for ocular infl ammation 
is indicated in three general settings: (1) to con-
trol infl ammation when corticosteroids fail to do 
so; (2) to prevent corticosteroid-induced toxicity 
when the dosage of corticosteroid required to 
control infl ammation induces or can be expected 
to induce clinically important toxicity (“cortico-
steroid sparing”); and (3) to treat specifi c high- 
risk uveitis syndromes expected to respond 
poorly to corticosteroids alone [ 13 ]. However, 
concern exists about the short- and long-term 
side effects of immunosuppressive therapy – in 
particular, the risk of developing severe illnesses 
such as severe infections or cancer. Despite the 
well-known, severe, and sometimes cumulative 
side effects of corticosteroid therapy, there has 
been a perception by many that the use of immu-
nosuppressive drugs is more risky than the use of 
corticosteroids. In fact, the motivation for using 
immunosuppressive drugs is – in most cases – a 
more favorable safety profi le than that with corti-
costeroids, particularly when long-term therapy 
is needed. Fortunately, the evidence base address-
ing concerns about the risks of immunosuppres-
sive drugs has grown in recent years. Data are 
available from a wide array of extraocular disease 
cohorts – particularly rheumatologic and trans-
plant cohorts – as well as direct information from 
ocular infl ammation cohorts. 

12.1     Short-Term Toxicities 
of Immunosuppressive 
Agents 

 Short-term toxicities with the immunosuppres-
sive drugs in use for ocular infl ammation gener-
ally are less than with high-dose systemic 
corticosteroid therapy. However, there are spe-
cifi c potential risks for which surveillance should 
be conducted, as has been summarized previ-
ously by an expert panel [ 13 ]. In addition, spe-
cifi c individuals may have diffi culty tolerating 
specifi c drugs in an idiosyncratic fashion. Also of 
interest has been the potential risk of opportunis-
tic and commonly occurring infections. 

   Table 12.1    Four major classes of immunosuppressive 
drugs used in ocular infl ammation   

 Immunosuppressive class 
  Agent 
 Antimetabolites 
  Methotrexate 
  Mycophenolate mofetil 
  Azathioprine 
  Mycophenolic acid a  
 T-cell inhibitors 
  Cyclosporine 
  Tacrolimus 
  Sirolimus a  
 Alkylating agents 
  Cyclophosphamide 
  Chlorambucil 
 Biologics 
   TNF inhibitors (infl iximab, adalimumab, 

golimumab, certolizumab pegol, etanercept) 
  Interferons a  
  Rituximab a  

   a Promising but not currently in widespread use  
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 While we review specifi c agents below, it 
is worth noting that strong evidence from ocu-
lar infl ammation patients supports the safety of 
the general approach. In the Multicenter Uveitis 
Steroid Treatment (MUST) trial, specifi c poten-
tial risks of immunosuppression were no more 
commonly encountered in the group random-
ized to systemic therapy (in which 86 % received 
immunosuppression) than in the group random-
ized to fl uocinolone acetonide implant therapy, 
other than perhaps a minor risk of mild infec-
tions (see below); the risks were very low in both 
groups [ 14 ]. 

12.1.1     Antimetabolites 

 The overwhelming majority of data on the use of 
antimetabolites has suggested a favorable safety 
profi le. Most side effects that are going to occur 
present soon after drug initiation are reversible 
with cessation and only infrequently are severe 
enough to require drug discontinuation (see 
Table  12.2 ). For instance, a large retrospective 
cohort study of mycophenolate mofetil (MMF) 
monotherapy for ocular infl ammation reported 
cessation due to side effects at a rate of 0.097 per 
person-year (PY) [ 2 ]. Another study reported an 
overall discontinuation rate for toxicity of 0.09 
per PY over a 6-year follow-up period [ 15 ]. 
Enteric-coated mycophenolate sodium was 
developed in order to minimize gastrointestinal 
side effects (the most common treatment-limiting 
toxicity [ 2 ]) while hopefully maintaining similar 
immunosuppressive benefi ts and may have even 
better tolerability [ 4 ].

   Adverse effects of methotrexate monotherapy 
have been reported to cause discontinuation at an 
overall rate of 0.13 per PY; these include gastro-
intestinal intolerance, hepatotoxicity, cytopenia, 
and interstitial pneumonia [ 1 ]. As with the other 
antimetabolites, these effects are usually revers-
ible with dose reduction or discontinuation of 
therapy. A signifi cant irreversible effect of the 
antimetabolites, particularly methotrexate, is ter-
atogenicity; thus, withdrawal of therapy before 
planned pregnancy and use of contraception dur-
ing therapy are mandatory [ 2 ]. 

 Similar to mycophenolate mofetil, the most 
common side effect of azathioprine is gastroin-
testinal intolerance, which causes discontinua-
tion in a small minority of patients. A large 
retrospective cohort study of azathioprine mono-
therapy for ocular infl ammation reported azathio-
prine discontinuation due to gastrointestinal 
symptoms in 0.06 per PY during approximately 2 
years of follow-up [ 3 ]. This was followed in fre-
quency by bone marrow suppression (0.03 per 
PY), elevated liver enzymes (0.03 per PY), and 
allergic reaction (0.01 per PY), with an overall 
rate of discontinuation for toxicity of 0.16 per PY 
(possibly somewhat higher than with mycophe-
nolate mofetil and methotrexate) [ 3 ]. Nearly all 
of these effects were detectable by following 
established guidelines for drug administration 
(Table  12.2 ) and were reversible with dose reduc-
tion or discontinuation of therapy [ 3 ]. Rarely, a 
homozygous defi ciency of thiopurine methyl-
transferase (TPMT) can result in severe myelode-
pression; many clinicians recommend testing for 
TPMT activity prior to initiating azathioprine 
therapy, and dose adjustment recommendations 
have been published [ 16 ].  

12.1.2     T-Cell Inhibitors 

 Available data on T-cell inhibitors also indicate a 
reasonable safety profi le. In a large retrospective 
cohort study of cyclosporine monotherapy for 
ocular infl ammation, side effects resulted in dis-
continuation of cyclosporine in 0.07 per PY for 
the entire follow-up period (95 % CI 0.05–0.09) 
[ 5 ]. Renal toxicity and hypertension were the 
most frequently observed side effects leading to 
cessation of therapy, occurring at rates of 0.02 per 
PY (95 % CI 0.01–0.04) and 0.02 per PY (95 % 
CI 0.009–0.03), respectively [ 5 ]. Discontinuation 
was progressively more frequent with increasing 
age: compared with patients aged 18–39, discon-
tinuation for toxicity was 3.25 times more com-
mon in patients aged 55–64 and was 5.66 times 
more common in patients above 65 years old 
(overall  p  = 0.0005) [ 5 ]. A previous retrospec-
tive case series evaluating tacrolimus for ocular 
infl ammation also found a low  discontinuation 
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rate due to toxicity (0.13 per PY), predomi-
nantly due to non-cardiovascular and nonrenal 
side effects, such as neurologic symptoms (e.g., 
tremor, paresthesias),  gastrointestinal symptoms, 

hyperglycemia, insomnia, and headache [ 6 ]. 
Sirolimus has been associated with cytopenias, 
hypercholesterolemia, arthralgias, extremity 
edema, and impaired wound healing [ 17 ]. While 

    Table 12.2    Short-term side effects of immunosuppressive medications (grade of recommendation for monitoring: B)   

 Medication class  Short-term side effects  Frequency of monitoring 
 Evidence 
level 

 Antimetabolites  Gastrointestinal upset a   CBC [4 MMF –8 AZA  weeks]  2++ 
  MTX  Bone marrow suppression a   Chemistry [4  MMF –12  AZA  

weeks] 
 2++ 

  MMF  Hepatotoxicity (MTX > AZA > MMF)  Liver enzyme tests (MTX) 
[6–8 weeks] 

 2++ 
  AZA  Malaise, myalgia, fatigue, headache 

 Rash, alopecia 
 Teratogenicity 

 T-cell inhibitors  Renal toxicity a   Blood pressure  2++ 
  CSA  Hypertension a  (CSA > TAC)  CBC  2+ 
  TAC  Neurologic symptoms a   Chemistry 

 Gastrointestinal symptoms (TAC) a   Liver enzyme tests 
 Hyperglycemia (TAC) a   Magnesium, phosphate 
 Hepatotoxicity  [All every 4 weeks for TAC; 

chem, Mg, phos every 12 
weeks for CSA] 

 Hirsutism, gingival hyperplasia  Lipid panel [periodic] 
 Hypomagnesemia 

 Alkylating agents  Bone marrow suppression a   CBC  2++ 
  CTX  Cystitis, hematuria (CTX) a   Urinalysis (CTX only)  2++ 
  CHB  Ovarian suppression  [Both every 4 weeks] 

 Testicular atrophy, azoospermia 
 Male sterility, alopecia, nausea, vomiting, 
opportunistic infection 

 Biologics 
  TNF inhibitors  Infusion/hypersensitivity reactions a   CBC  2+ 
  Interferons  Autoantibody formation a   Liver enzyme tests 

 Opportunistic infection (rare)  [Both every 12 weeks] 
 Flulike symptoms (nearly universal) a   CBC  2+ 
 Mild leukopenia a   Chemistry 
 Psychological disturbances  Liver enzyme tests 
 Fibromyalgia, arthralgia/myalgia  Thyroid function panel 
 Thrombocytopenia  [All every 4 weeks] 
 Fever, nausea, headache 
 Thyroiditis, alopecia, hepatotoxicity 
 Opportunistic infections (rare) 

  Rituximab  Infusion/hypersensitivity reactions a   CBC  2+ 
 Leukopenia  Immunoglobulins 
 Granulocytopenia  [Both every 4 weeks] 
 Gammaglobulin decrease 

   Side effects and monitoring apply to the entire medication class unless otherwise specifi ed  
  CBC  complete blood count,  MTX  methotrexate,  AZA  azathioprine,  MMF  mycophenolate mofetil,  CSA  cyclosporine, 
 TAC  tacrolimus,  CTX  cyclophosphamide,  CHB  chlorambucil 
  a Indicates the more common side effects for each class/agent  
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no immunosuppressive agent is recommended 
during pregnancy, in a transplant pregnancy 
cohort, no excess malformations were observed 
in women receiving cyclosporine during preg-
nancy [ 18 ], which is a potential advantage with 
respect to antimetabolites.  

12.1.3     Alkylating Agents 

 Regarding alkylating agents, a large retrospective 
cohort study of cyclophosphamide monotherapy 
for ocular infl ammation reported cyclophospha-
mide discontinuation at an overall rate of 0.39 per 
PY (95 % CI 0.31–0.49) [ 8 ], substantially higher 
than reported with antimetabolites or T-cell inhibi-
tors from the same cohort. Toxicities were usually 
reversible in nature and most commonly included 
leukopenia (0.20 per PY, 95 % CI 0.14–0.27), 
thrombocytopenia (0.016 per PY, 95 % CI 0.0032–
0.046), anemia (0.036 per PY, 95 % CI 0.015–
0.075), and cystitis/blood in the urine (0.073 per 
PY, 95 % CI 0.040–0.12) [ 8 ]. Several other studies 
have shown the bone marrow suppression of 
cyclophosphamide to be dose dependent and 
reversible, with older individuals more susceptible 
(and hence requiring lower doses to suppress white 
blood cell levels to the desired therapeutic range). 
The adverse effects of chlorambucil therapy are 
similar, with bone marrow suppression to a degree 
greater than desired being the most common toxic-
ity [ 13 ]. Short-term, high- dose chlorambucil ther-
apy, in which the drug is suspended after crossing 
a given white blood cell count (and thus is a thera-
peutic end point rather than a toxicity), may have a 
somewhat different side effect profi le [ 9 ]. Both 
cyclophosphamide and chlorambucil can cause 
alopecia, ovarian suppression, azoospermia, and 
male sterility [ 9 ,  13 ], and both are embryotoxic.  

12.1.4     Biologics 

 Most of the side effects of TNF inhibitors are 
mild, consisting of infusion/hypersensitivity reac-
tions such as local erythema at the injection site, 
atopic dermatitis, fl ushing, rash,  hypertension, 
fever, or fatigue [ 19 ]. These generally do not lead 

to  discontinuation of therapy. Formation of auto-
antibodies is common but usually not clinically 
signifi cant [ 13 ,  19 ], although infrequently severe 
infusion reactions that require discontinuation of 
therapy do occur with infl iximab. Side effects of 
a fl uid infusion can restrict therapy in susceptible 
individuals, such as those with limited cardiac out-
put, for those agents which are given via intrave-
nous infusion. TNF inhibitors also may have a less 
unfavorable safety profi le in the event of pregnancy 
than antimetabolites or alkylating agents [ 20 ]. 

 Dose-dependent fl ulike symptoms from 
interferon- alpha treatment are expected but usu-
ally are suffi ciently tolerable that discontinuation 
is not required. In a retrospective study of 
interferon- alpha treatment in patients with severe 
uveitis due to Behçet disease, discontinuation 
due to toxicity occurred in 9.4 % during the total 
mean follow-up period of nearly 5 years [ 11 ]. In 
addition to fl ulike symptoms, mild leukopenia 
(>2,000/μl) was seen in all patients but caused 
discontinuation in none [ 11 ]. Uncommon fi nd-
ings during treatment included fi bromyalgia, 
psychological disturbances, hair loss, thrombo-
cytopenia, headache, mild hepatotoxicity, thy-
roiditis, fever, and nausea. 

 Like the TNF inhibitors, rituximab has side 
effects which are usually mild, are short lived, 
and do not result in discontinuation of therapy. 
Infusion/hypersensitivity reactions including 
hypotension, local erythema, cough, laryngeal 
edema, and infusion-related rigors occur occa-
sionally [ 21 ]. A meta-analysis of patients with 
lymphoma taking rituximab showed increased 
risk of severe leukopenia (RR = 1.24; 95 % CI 
1.12–1.37) and granulocytopenia (RR = 1.07; 
95 % CI 1.02–1.12), although this did not result 
in higher infection risk (discussed in next sec-
tion) [ 22 ]. Experience with toxicities of ritux-
imab given for eye disease currently is limited.   

12.2     Infection Risk with 
Immunosuppressive Agents 

 The extent of increase in the risk of infection, if 
any, is a frequently cited point of concern when 
using immunosuppressive medications for ocular 
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infl ammation, particularly for the risk of severe 
opportunistic infection. In the MUST trial, a 
higher risk of infections requiring a drug pre-
scription was observed in the systemic therapy 
group (systemic corticosteroids plus immuno-
suppression in 86 %) than in the implant group 
(0.60 vs. 0.36 per PY,  p  = 0.034). However, these 
typically were mild infections and none of the 
patients suffered lasting consequences; it was 
unclear to what extent the difference refl ected an 
increased likelihood of prescribing drugs for 
mild infections in patients known to be taking 
immunosuppressive drugs (since participants and 
clinicians were unmasked) rather than a true dif-
ference in infection incidence [ 14 ]. 

 Substantial data exist supporting the safety of 
monotherapy with either antimetabolites or T-cell 
inhibitors for ocular infl ammation with respect to 
the risk of opportunistic infections. The Systemic 
Immunosuppressive Therapy for Eye Diseases 
(SITE) cohort study reported no observed oppor-
tunistic infections in patients treated with myco-
phenolate mofetil, methotrexate, or azathioprine 
monotherapy (with or without systemic cortico-
steroids) [ 1 – 3 ]. This confi rmed previous evi-
dence showing no increase in infection risk 
associated with mycophenolate mofetil mono-
therapy [ 15 ]. The SITE study also showed no 
increased infection risk associated with T-cell 
inhibitors, either as a class or for cyclosporine 

individually [ 23 ], consistent with previous stud-
ies reporting no association of cyclosporine or 
tacrolimus monotherapy with increased risk of 
serious infections [ 13 ]. 

 While these results for monotherapy are reas-
suring, it is important to note that patients some-
times require therapy with more than one agent 
concurrently. The combination of an antimetabo-
lite with a T-cell inhibitor such as cyclosporine is a 
common approach because the drugs have differ-
ent toxicity profi les and have been used together 
for other diseases such as transplantation [ 13 ]. 
In some transplant cohorts, the  combination of 
mycophenolate mofetil with cyclosporine (± corti-
costeroids) has been associated with a nonsignifi -
cant increase in opportunistic infections compared 
with either agent alone, as well as a nonsignifi cant 
trend toward more events with higher mycopheno-
late mofetil doses (Table  12.3 ) [ 24 ]. The majority 
of these infections were cytomegalovirus and her-
pes simplex infections, with less than 2 % being 
fatal (these observations in transplant cohorts 
where many participants were severely ill) [ 24 , 
 25 ]. The risk of opportunistic infection was sub-
stantially lower in an ocular infl ammation cohort 
in which only two patients developed major infec-
tions while taking mycophenolate mofetil combi-
nation therapy: one with cytomegalovirus retinitis 
and another with lower limb cellulitis (not clearly 
an opportunistic infection) [ 15 ].

   Table 12.3    Immunosuppressive 
medications for ocular infl amma-
tory disease and infections        

 Immunosuppressive class 
 Reported infections with therapy 
± (corticosteroids) 

 Evidence 
level 

 Antimetabolites  No clinically important 
association 

 2++ 

 T-cell inhibitors  No clinically important 
association 

 2++ 

 Combined therapy 
(antimetabolite and T-cell 
inhibitor) 

 Modestly increased risk  2+ 

 Alkylating agents  Increased risk, consider 
 Pneumocystis  prophylaxis 

 2++ 

 Biologics 
  TNF inhibitors  Modestly increased risk, rule out 

tuberculosis prior to initiating 
therapy 

 1++ 

  Interferons  No clinically important 
association reported 

 2++ 

  Rituximab  No clinically important 
association reported 

 1++ 
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   In contrast to the results with antimetabolites 
and T-cell inhibitors, cyclophosphamide has been 
associated with opportunistic infections in ocular 
infl ammation patients, leading to discontinuation 
in 3.0 % (95 % CI 1.2–7.1 %) of patients in the 
fi rst year and at an overall rate of 0.026 per PY 
during 3 years of follow-up (95 % CI 0.0084–
0.061) [ 8 ]. Infections included  Pneumocystis jir-
ovecii  pneumonia leading to death in 1 (0.5 %) 
patient, who had been managed according to 
standard guidelines but who had not taken 
preemptive  Pneumocystis  prophylaxis with 
trimethoprim- sulfamethoxazole, as some rec-
ommend with alkylating agent or combination 
immunosuppressive therapy. These fi ndings are 
consistent with (but less extreme than) the results 
of a previous randomized controlled clinical trial 
of 50 patients with Wegener’s granulomatosis, 
which reported infections in 70 % of patients 
receiving cyclophosphamide, including 30 % 
who developed  Pneumocystis jirovecii  pneumo-
nia [ 26 ]. Substantial granulocytopenia (absolute 
neutrophil count <1,000 cells/μl) associated with 
cyclophosphamide is associated with increased 
risk of bacterial infections, particularly sepsis; 
most clinicians seek to avoid this complication 
by holding cyclophosphamide when a white 
count below 2,500 cells/μl is observed, followed 
by downward dose adjustment [ 27 ], which may 
explain the much lower risk of infection observed 
in the ocular infl ammation cohort. 

 The availability of data regarding the risk 
of opportunistic infections with the biologic 
agents is growing. The most common sites of 
infections associated with biologic therapy are 
respiratory tract infections, skin and soft tis-
sue infections, and urinary tract infections [ 28 ]. 
Presumably because TNF plays an important role 
in the host defense mechanism against intracel-
lular pathogens, anti-TNF therapy is associated 
with increased risk of infection with intracellular 
microorganisms, such as  Mycobacterium tuber-
culosis ,  Listeria monocytogenes , and  Legionella 
pneumophila  [ 29 ]. A meta-analysis of TNF 
inhibitors in 369 patients with Behçet disease 
reported reactivation of tuberculosis in 4 patients 
and opportunistic infections in 10 patients. 
These infections included  Pneumocystis jirovecii  

 pneumonia,  Legionella pneumophila  pneumonia, 
cryptococcal meningitis, varicella zoster infec-
tion, CMV colitis, forearm cellulitis, and bacte-
rial endocarditis [ 19 ]. A meta-analysis of adults 
with rheumatoid arthritis participating in clinical 
trials of infl iximab or adalimumab reported a sig-
nifi cantly higher risk (OR = 2.0; 95 % CI 1.3–3.1) 
of serious infections during 22–54 weeks of fol-
low- up, but the absolute risk was low (0.036 % 
with anti-TNF therapy vs. 0.017 % with placebo) 
[ 30 ]. An absolute risk in this range probably does 
not represent a clinically important constraint on 
the use of these agents for ocular infl ammation, 
but clinicians should bear in mind that signifi cant 
infection occurs occasionally with such therapy. 

 There are fewer data on the risk of opportunis-
tic infections with interferon treatment, but the 
available evidence thus far is reassuring. In a ret-
rospective study of interferon-alpha treatment in 
patients with severe uveitis due to Behçet dis-
ease, no opportunistic infections were reported 
during nearly 5 years of follow-up [ 11 ]. This 
observation is consistent with a previous double- 
blind clinical trial of gamma-interferon for 
patients with rheumatoid arthritis, in which no 
increased risk of opportunistic infections was 
observed [ 31 ]. 

 Likewise, a recent review found no evidence of 
increased infection risk with rituximab compared 
to concurrent control treatments in patients with 
rheumatoid arthritis [ 32 ], and a meta- analysis 
in patients with lymphoma receiving rituximab 
revealed no increased risk of severe infection 
(defi ned as either life-threatening or requiring 
hospitalization or intravenous antibiotics) with 
the addition of rituximab to standard chemother-
apy regimens (RR = 1.00; 95 % CI 0.87–1.14) 
[ 22 ]. Another meta-analysis reported that the 
overall pooled odds ratio for serious infection 
with rituximab treatment was not signifi cantly 
increased (OR = 1.45; 95 % CI 0.56–3.73) [ 32 ]. 
A randomized, double-blind, placebo-controlled, 
dose-ranging trial of rituximab showed a slightly 
higher overall (including both minor and serious) 
infection rate in placebo- treated patients (1.546 
per PY) than in rituximab- treated patients (1.382 
per PY) over 24 weeks [ 21 ]. The rate of seri-
ous infection in the rituximab group was 0.015 
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per PY higher than in the placebo group, but the 
absolute rate for both groups still was low (0.052 
vs. 0.037 per PY, respectively); there were no 
reports of tuberculosis or opportunistic infections 
in either group [ 21 ].  

12.3     Cancer Risk with 
Immunosuppressive Agents 

 Immunosuppression in general has been thought 
to raise the risk of skin, mucosal, and lymphopro-
liferative cancers. Proposed mechanisms include 
interruption of immune surveillance for and 
destruction of malignant cells, susceptibility to 
infection with oncogenic infectious agents, dam-
age to DNA (alkylating agents) or to DNA 
metabolism (antimetabolites), and agent-specifi c 
effects on the immune system, which could alter 
the chances of a transformed cell surviving and 
proliferating or of an oncogenic infectious agent 
escaping immune control [ 33 ]. 

 A prime example of malignancy related to 
immunosuppression in general is posttransplant 
lymphoproliferative disorder (PTLD) in transplant 
cohorts. PTLD is the second most common malig-
nancy in these patients (after skin cancers) and is 
linked to Epstein-Barr virus infection in 80–90 % 
of cases [ 34 ]. Pathogenesis probably depends sub-
stantially on chronic antigenic  stimulation by the 

graft, as evidenced by the relatively high propor-
tion of transplanted organs with PTLD involve-
ment in the graft, and the substantially higher 
incidence of this condition in transplant than in 
autoimmune disease cohorts. Because patients 
with local ocular infl ammation have neither anti-
genic stimulation nor a graft, they would be 
expected to have a signifi cantly lower risk of 
PTLD and likely also would respond favorably to 
interruption of immunosuppression in most cases 
[ 33 ]. Clinical impression suggests these cases are 
rare in the ocular infl ammation setting. 

 Regarding the risk of malignancy with each 
class of immunosuppressive agent, here we dis-
cuss cancer incidence with the four major 
 categories of immunosuppressive drugs used in 
ocular infl ammatory disease (see Table  12.4 ).

   Antimetabolites have the best evidence 
among the immunosuppressive classes to support 
a lack of clinically important carcinogenicity. 
Azathioprine has been studied in patients with 
rheumatoid arthritis, infl ammatory bowel dis-
ease, and multiple sclerosis and consistently has 
shown no increased risk of malignancy in these 
cohorts, other than sporadic reports of PTLD-
like cases [ 33 ], which in a population study did 
not occur signifi cantly more often in treated 
than in nontreated patients (RR = 1.27; 95 % CI 
0.03–8.20) [ 35 ]. In contrast, azathioprine-treated 
transplant patients appear to have increased 

   Table 12.4    Cancer risk with immunosuppressive agents   

 Agent 

 Evidence review suggests  Quality of evidence 

 Clinically 
important ↑ in 
cancer risk 

 May interact 
to ↑ cancer 
risk 

 Evidence 
level 

 Strength of 
association 

 Dose–
response 
relation 

 Antimetabolites  Methotrexate  No  No  2++   N / A       N / A  
 Mycophenolate 
mofetil 

 No  No   2 +   N / A    N / A  

 Azathioprine  No  Inconclusive   2 ++  +  + 
 T-cell inhibitors  Cyclosporine  No  Yes   2 ++  +  ++ 

 Tacrolimus  No  Yes a    2 −  ++  − 
 Alkylating 
agents 

 Cyclophosphamide  Yes  Yes   2 ++  ++++  ++++ 
 Chlorambucil  Yes  Yes   3   +++  − 

 Biologics  TNF inhibitors  No  No   2 +  +  − 
 Interferon  No  No   2 −   N / A    N / A  
 Rituximab  Unknown  Unknown   2 −   N / A    N / A  

  Modifi ed    from Kempen et al. [ 33 ] 
  a Conclusion primarily inferred from observations regarding cyclosporine  
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malignancy risk compared to the general popu-
lation, particularly with lymphoid malignancies 
and squamous cell carcinoma of the skin [ 36 ]. 
However, this pattern likely refl ects the uniquely 
high-risk transplant-immunosuppression interac-
tion, which probably does not apply to the setting 
of ocular infl ammation. 

 Methotrexate also has shown no increased 
cancer risk in several cohorts with a variety of 
diseases and has the best evidence in favor of its 
safety with respect to cancer risk of any of the 
immunosuppressive drugs [ 33 ]. Although PTLD- 
like cases have been reported with methotrexate, 
a large observational study following 19,591 
rheumatoid arthritis patients over 89,710 PY 
found no increased risk of lymphoma with meth-
otrexate therapy [ 37 ], suggesting that posttrans-
plant lymphoproliferative disorder-like cases 
must be very rare. 

 Mycophenolate mofetil (MMF) also appears 
to have a favorable carcinogenicity profi le, 
although there is less experience with this newer 
agent. Observational studies of MMF in the post-
transplant setting have found a signifi cantly 
reduced risk of PTLD, improved survival of 
patients who developed PTLD, and a lower risk 
of cancer in general when MMF is compared to 
alternative regimens [ 33 ], which has contributed 
to a preference for immunosuppression using this 
drug over alternatives in the transplant world. 

 Most available studies on T-cell inhibitors are 
from transplant cohorts and show the increased 
risk of malignancy (especially skin cancer, post-
transplant lymphoproliferative disorder, and gas-
trointestinal cancer), which is typical of transplant 
cohorts. However, these data are not necessarily 
applicable to ocular infl ammation cohorts, which 
do not have the chronic antigenic stimulation and 
other comorbidities associated with transplanted 
organs [ 33 ,  38 ]. A cohort study of several hun-
dred rheumatoid arthritis patients showed no 
increased risk of malignancy due to cyclosporine 
treatment [ 39 ]. A 5-year prospective cohort study 
of psoriatic patients treated with cyclosporine 
showed a higher risk of leukemia and non- 
melanomatous skin cancers; however, this was 
thought to be due to potentiation of the oncogenic 
effects of psoralen and ultraviolet A treatment by 

cyclosporine, rather than due to cyclosporine 
itself [ 40 ]. Thus, in the absence of these accom-
panying treatments or an organ transplant, such 
as in uveitis patients, cyclosporine likely would 
not confer higher cancer risk [ 33 ], especially 
after considering results of the SITE cohort study 
(see below). 

 In contrast, alkylating agents consistently have 
been associated with a higher risk of malignan-
cies. Several studies have shown cyclophospha-
mide to be associated with substantially increased 
rates of leukemia, lymphoma, and skin malignan-
cies [the kinds seen with immunosuppression in 
general (see above)] as well as of bladder cancer 
likely related to a carcinogenic metabolite, acro-
lein, that concentrates in urine; and some studies 
have found an increase in total malignancies [ 33 ]. 
Bladder cancer risk with cyclophosphamide 
appears to be dose and/or duration dependent and 
is higher in smokers. Risk can be mitigated by 
intravenous hydration to prevent acrolein buildup 
and consequent cystitis, which is thought to 
increase bladder cancer risk [ 41 ]. Simple oral 
hydration also often is used to accomplish this 
goal, particularly with daily oral cyclophospha-
mide therapy. Chlorambucil has been linked to 
development of cutaneous malignancies – some-
times multiple and recurrent – and also associated 
with increased incidence of lymphoma and leuke-
mia, the latter possibly occurring more frequently 
than with cyclophosphamide; however, it is not 
associated with increased bladder cancer risk [ 33 ]. 

 The majority of reports on cancer risk with 
TNF inhibitors are favorable. Seven large obser-
vational studies of tumor necrosis factor (TNF) 
inhibitors for rheumatoid arthritis, with in aggre-
gate nearly 100,000 PY of follow-up, showed no 
increased overall risk of malignancy [ 38 ,  42 – 48 ]. 
Results in a Crohn’s disease cohort also found no 
increase in cancer risk due to TNF inhibitors [ 49 ]. 
In contrast, a meta-analysis of TNF inhibitors in 
5,014 patients with rheumatoid arthritis partici-
pating in clinical trials showed a 3.3-fold higher 
risk of cancer over 22–54 weeks of follow- up, 
which was theorized to have been the result of an 
accelerated diagnosis of preexisting cancers given 
that a signifi cant difference appeared during such 
a short follow-up period [ 30 ]. 
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 Data are more limited on interferon-alpha but 
thus far are reassuring. A retrospective study fol-
lowing patients with uveitis associated with 
Behçet disease found no increase in malignancy 
with interferon-alpha treatment over nearly 8 
years of follow-up [ 50 ], as did a systematic litera-
ture review of 338 patients with ocular and sys-
temic manifestations of Behçet disease [ 51 ]. At 
this time, data on rituximab are limited to small 
clinical studies and case reports and thus are 
insuffi cient to draw conclusions, although it 
should be noted that rituximab is a treatment for 
B-cell lymphomas.  

12.4     Mortality Risk with 
Immunosuppressive Agents 

 The risk of death in association with the use of 
immunosuppressive drugs has been directly 
evaluated in ocular infl ammation patients in a 
well- powered study (evidence level 2++). The 
Systemic Immunosuppressive Therapy for Eye 
Diseases Cohort Study (SITE) retrospectively 
evaluated overall and cancer-associated  mortality 

due to immunosuppressive therapy in patients 
with ocular infl ammatory disease [ 23 ]. Data 
included demographic, clinical, and treatment 
characteristics from 7,957 patients with nonin-
fectious ocular infl ammation seen at fi ve tertiary 
ocular infl ammation clinics from 1979 to 2005. 
Corresponding overall and cancer-related mor-
tality were obtained from the US National Death 
Index in a manner previously described [ 23 ]. 

 The SITE study results are summarized in 
Figs.  12.1  and  12.2 , displaying adjusted hazard 
ratios for each immunosuppressive agent and 
class of agents studied. Use of antimetabolites as 
a class was not associated with increased overall 
mortality (adjusted hazard ratio (aHR) 1.08, 
95 % CI 0.86–1.37) or cancer mortality (aHR 
0.89, 95 % CI 0.54–1.48). The most common 
individual antimetabolites (azathioprine, metho-
trexate, and mycophenolate mofetil) also were 
not associated with increased overall or cancer 
mortality. Similarly, use of T-cell inhibitors as a 
class did not increase risk of overall mortality 
(aHR 0.81, 95 % CI 0.59–1.11) or cancer-related 
mortality (aHR 0.78, 95 % CI 0.38–1.59) nor did 
cyclosporine individually. The latter observation 

Hazard ratio
(95 %CI)

Hazard ratio
(95 %CI)

0.99 (0.72–1.38)

1.02 (0.78–1.34)

0.90 (0.48–1.68)

1.08 (0.86–1.37)

0.79 (0 .57–1.10)

0.81 (0.59–1.11)

1.43 (0.72–2.85)

1.14 (0.81–1.60)

1.17 (0.85–1.61)

2.18 (0.93–5.09)

2.44 (0.90–6.62)

1.99 (1.00–3.98)

0.92 (0 .55–1.55)

1.13 (0.96–1.33)

Azathioprine

Methotrexate

Mycophenolate mofetil

Antimetabolite (in aggregate)

Cyclosporine

T-cell inhibitor (in aggregate)

Chlorambucil
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Alkylating agent (in aggregate)
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lnfliximab

TNF inhibitor (in aggregate)

Dapsone

Systemic corticosteroids

0.4 1 2 4 10

  Fig. 12.1    Adjusted relative 
hazard of all-cause mortality for 
each immunosuppressive agent 
and class of agents studied (Ali 
et al. [20]; reprinted with 
permission)       
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was consistent with a retrospective cohort study 
which showed no increased mortality risk in 
patients with rheumatoid arthritis treated with 
cyclosporine [ 39 ].

    Use of alkylating agents as a class was not 
associated with signifi cantly increased overall 
mortality (aHR 1.17, 95 % CI 0.85–1.61), neither 
was all cancer mortality statistically signifi cantly 
raised, but statistical power for this outcome was 
limited (evidence level 2+), and the observed ten-
dency toward increased risk (aHR 1.74, 95 % CI 
0.91–3.32) was consistent with the increased risk 
of cancer observed in other disease cohorts (see 
above). The results for cyclophosphamide treat-
ment paralleled those for alkylating agents as a 
class. These fi ndings were consistent with previ-
ous reports suggesting that cyclophosphamide 
treatment may cause a dose-dependent increase 
in mortality from all cancer types [ 52 ,  53 ], which 
represents a clinically important constraint on the 
use of these agents, restricting use to the most 
serious cases. 

 The SITE cohort study was not as well pow-
ered for evaluating the risk of death associated 
with TNF inhibitor therapy (evidence level 2-), 

which came into use only a few years before the 
end of follow-up, so results should be regarded as 
pilot results. However, TNF inhibitors as a class 
were associated with signifi cant increases in 
overall mortality (fully adjusted HR 1.99, 95 % 
CI 1.00–3.98) and cancer mortality (HR 3.83, 
95 % CI 1.13–13.01). Individual risk ratios for 
etanercept and infl iximab were similar in magni-
tude but were nonsignifi cant in the context of 
having few observations. The SITE study had 
very limited information on adalimumab. The 
SITE results differed from several better- powered 
observational studies of TNF inhibitors in other 
populations, which found no increased risk of 
mortality (see above) [ 38 ,  42 – 44 ,  46 ]. A possible 
explanation of the apparent inconsistency is that 
~75 % of SITE patients receiving TNF inhibitor 
therapy had an associated systemic infl ammatory 
disease vs. ~25 % for the cohort as a whole, and 
the associated systemic diseases may have 
increased the risk of death or death from cancer 
rather than the treatment itself. Further data are 
needed to provide reassurance that this observa-
tion in fact represents an indication for treatment 
bias rather than a real increase in risk. However, 

Hazard ratio
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  Fig. 12.2    Adjusted relative 
hazard of mortality attributed to 
cancer for each immunosuppres-
sive agent and class of agents 
studied (Ali et al. [20]; reprinted 
with permission)       
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in the meantime, the results from well-powered 
rheumatologic cohorts seem persuasive of safety 
vis-à-vis mortality with these agents. 

 Data regarding the risk of mortality with inter-
feron or rituximab therapy for eye diseases are 
not suffi cient to draw conclusions on the subject.  

    Conclusion 

 In summary, an increasingly robust evidence 
base exists to support the safety of using anti-
metabolites and T-cell inhibitors in the context 
of ocular infl ammatory diseases, although 
clinical trial evidence is generally unavailable 
for reasons which previously have been 
described [ 54 ]. While some patients may not 
tolerate these medications, usually    tolerance 
problems are encountered early in therapy and 
are reversible with dose adjustment or cessa-
tion of therapy. Most patients tolerate the 
medications without diffi culty. This pattern is 
in contrast to the well-known and severe tox-
icity of long-term, high-dose systemic cortico-
steroid therapy, thus confi rming the rationale 
for the use of these medications as corticoste-
roid-sparing agents. 

 Based on the available evidence, alkylating 
agent therapy does appear to have a higher 
risk of opportunistic infection and of cancer, 
which provides a clinically relevant constraint 
on the use of these agents to the most severe 
cases of ocular infl ammatory diseases, 
wherein severe vision loss is likely absent 
control of infl ammation. TNF inhibitors 
appear to have an increased risk of opportu-
nistic infection as well, but the absolute risk 
thereof is small (at least in a temperate envi-
ronment), and the majority of data suggest 
there is no increased risk of cancer. However, 
concerning preliminary data from the SITE 
cohort needs to be evaluated further. 
Interferons have considerable short-term fl u-
like symptoms which are generally tolerable, 
but they do not appear to cause a higher risk of 
severe infection or other major long-term 
adverse effects; however, data are limited. 
Rituximab does not often produce short-term 
toxicity, and the majority of data indicate no 
increase in infection risk with its use, but data 

regarding malignancy and mortality are lim-
ited. Further research is needed to elucidate 
the risk of cancer and mortality in patients tak-
ing interferons or rituximab. New immuno-
suppressive drugs also will need to be 
evaluated for safety and effectiveness as they 
become available. 

 Immunosuppressive therapy, particularly 
with antimetabolites and T-cell inhibitors and 
probably also with biologics, offers a safe and 
reasonably effective alternative to long-term, 
high-dose corticosteroid therapy and should 
be used in settings where acceptable dose cor-
ticosteroid therapy is inadequate.     
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