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This textbook, Peripheral Ulcerative Keratitis, came about in 2014, when the
topic was covered in the Cornea Subspecialty Day at the AAO meeting in
Chicago and we realized that this was a clinical area that required an updated
textbook of its own. Though not that common, the disease is of sufficient
importance to merit special attention by virtue of it being sight threatening
and a complex disorder with an interplay of systemic and local pathologies
and advances in therapeutic strategies that should be highlighted.

The book has a galaxy of contributing authors who are all clinical lumi-
naries in the field and were kind enough to join the journey of reposing their
knowledge in the form of a book. The book has been designed to serve as a
simple practical guide to understanding the disease in a basic and clinical
sense with a view to help both general ophthalmologists and cornea spe-
cialists have a ready reference at hand to guide their clinical practice in
dealing with such patients. In addition, ophthalmology residents and cornea
fellows would find it useful to read as valuable study material to build their
basic knowledge and enhance clinical skills.

The chapters deal with different aspects of the illness and all facets of
diagnosis and management are well represented in the different sections. The
text has been supplemented with useful references and the appendices pro-
vide a useful guide by simple step-by-step algorithms which are easy to
comprehend and follow. Both medical and surgical treatment options are
mentioned and the approach to management is covered in a style which is
comprehensive and easy to understand.

The erudite authors are from different corners of the globe and we are
most grateful that they were very forthcoming in their contributions and
helpful with adherence to timelines. We are indeed indebted to them for the
excellent contributions they have made in providing their expertise for this
venture. The textbook is supported by illustrative examples and figures to
enable the reader to apply the information gained in a practical and effective
manner.

It has been an honor and privilege to work on this project with all the
contributors and the team from Springer. We would like to acknowledge the
aid provided by Rebecca and Tracy from Springer in coordinating the edi-
torial efforts and that of Dr. Arun D. Singh in overall conception and design
of the book.
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We trust that libraries will take this volume to be a valuable asset on their
bookshelves and the readers will find this compendium a useful addition to
their personal collection and carry useful take home messages every time
they go through it. We hope you enjoy absorbing the contents provided as
much as we did in compiling all the information within the confines of the
covers and wish you success in handling patients you may encounter from
time to time.

New Delhi, India Radhika Tandon
Miami, FL, USA Anat Galor
Hyderabad, India Virender Singh Sangwan

Singapore Manotosh Ray

Preface
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Saranya Devi, Anin Sethi, Noopur Gupta, Seema Sen

and M. Vanathi

Introduction

Cornea is a transparent area which makes
one-sixth of the outer circumference of the eye.
At the periphery is a transition zone 1-
1.5 mm, limbus where corneal stroma is
bonded to the sclera. The adult cornea is
10.5 mm vertically and 11.5 mm horizontally.
The anterior and posterior surfaces are parallel to
each other in the central 4 mm spherical-shaped
“optical zone” where the cornea averages
0.52 mm in thickness. The peripheral cornea is
slightly flattened, anterior and posterior sur-
faces are no longer parallel and corneal
thickness increases to 0.65 mm. Even though
central cornea is responsible for the formation of
sharp retinal image as it lies in the visual axis,
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studies have proven that peripheral cornea also
has significant role in affecting the optical quality
of the image formed [1].

Anatomy

The central cornea is divided into five distinct
layers proceeding from without inwards: epithe-
lium, Bowman’s membrane, stroma, Descemet’s
membrane, and endothelium. The peripheral
cornea requires specific mention as its anatomy
and microscopic appearance differ from the
remaining cornea.

The corneal epithelium is stratified squa-
mous consisting of five or six layers of cells.
Towards the periphery, epithelial cells are
concentrated where these cells undergo prolifer-
ation [2, 3] and the number of cells increases to
8-10 in the periphery. This explains the role of
limbal vasculature in healing after surgery. The
deepest or basal layer rests directly on the
Bowman’s membrane as a single layer of
polygonal cells with flat bases and round heads.
These cells are considerably large with
pale-staining cytoplasm and oval nucleus lying
perpendicular to the corneal surface. The thin
basement membrane (480 A) is seen on periodic
acid-Schiff (PAS) stain. The basement membrane
is composed of type IV collagen, proteoglycans,
fibronectin, and laminin. Ultrastructurally
hemidesmosomes are seen to lie along the
attachment of the basal cell layer to its basement

Essentials in Ophthalmology, DOI 10.1007/978-3-319-50404-9_1



membrane. The posterior portion of the basement
membrane blends with the Bowman’s layer.
Various membrane associated mucins, which are
important components of the tear film, as MUC 1
and 16, are found to be dispersed throughout the
peripheral cornea. Also MUC 4 is found in
higher levels at the peripheral region [4] which is
associated with the serum albumin in the sur-
rounding capillaries. This differential expression
of the mucins affects the clinical manifestations
of those with dry eye disease.

The Bowman’s layer is 8—14 pm acellular
structure that merges with the superficial stromal
lamellae to which it is firmly attached. Bowman’s
layer is composed of type V collagen. Numerous
pores in the inner portion provide passage for
terminal branches of the corneal nerve. The
peripheral margins of the Bowman’s layer
demarcate the anterior boundary of the limbus.

The stroma forms 90% of the corneal thick-
ness. It is avascular and consists of collagenous
lamellae interspersed with keratocytes and
ground substance. The collagen fibrils are par-
allel to one another and to the surface. Majority
of the stroma has type I collagen. The keratocytes
in between the lamellae are like flattened and
compressed fibroblasts. Stroma in the peripheral
cornea forms a transition zone between cornea
and sclera. Collagen fibers are loosely arranged
in this area [5, 6]. The nutritional supply to this
area is derived from the capillaries at the
periphery of cornea [7]. Diffusion of various
molecules occurs from these capillaries to the
peripheral cornea resulting in higher concentra-
tion of serum albumin in the periphery which
later diffuses to the central cornea [8]. This lim-
ited diffusion results in higher concentration of
Langerhans cells, IgM and complement factor C1
[9]. Because of its proximity to the conjunctival
tissue; peripheral cornea has access to the lym-
phatics and to both afferent and efferent arms of
the immune system [10, 11].

The Descemet’s membrane lies on the pos-
terior aspect of the stroma. It is a true basement
membrane formed by corneal endothelial cells. It
contains type IV collagen. At the periphery

S. Devi et al.

Descemet’s membrane terminates at the junction
between trabecular and corneal endothelium.
Descemet’s membrane is acellular, faintly eosi-
nophilic, and PAS positive. It is 3—4 pm at birth
and 10-124 pum at 50 years.

The endothelium is a single layer of polyg-
onal cells extending over the inner surface of
Descemet’s membrane. The cells appear rectan-
gular with pale-staining granular cytoplasm and
centrally located nucleus. This layer is derived
from the neural crest. Unlike the epithelium it
hardly undergoes mitotic division in normal eye.
Corneal endothelial cells have maximum mito-
genic activity in the peripheral area [3]. These
cells might migrate towards the center to facili-
tate the healing after any damage [12].

These anatomical and physiological charac-
teristics of the peripheral cornea make it vulner-
able to various diseases such as:

(1) local infectious diseases or hypersensitiv-
ity reactions

systemic reactions such as vasculitides,
autoimmune diseases, and metabolic dis-
orders or

noninflammatory peripheral degenerations
[11, 13, 14].

(ii)

(iii)

Limbus proper
Limbus is the peripheral area, I mm wide which
forms a transition between the transparent cornea
and conjunctiva/opaque sclera. Although it is
transparent like the cornea, it is rich in blood ves-
sels and nerve endings like the conjunctiva. It is
further divided into anatomical, histological, and
surgical limbus [15]. Anatomical limbus is
formed by the junction of the conjunctival and
corneal epithelia where multipotential limbal stem
cells undergo differentiation [16]. Histologic lim-
bus is defined as the junction of cornea and sclera
documented in histological cross-sectional views.
The microscopic anatomy of the limbus is depicted
in Fig. 1.1.

The limbus is composed of only two layers
namely the epithelium and the stroma, because



1 Anatomical Considerations

Fig. 1.1 Anatomy of the

limbus Conjuctiva

melanocy
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the Bowman’s membrane stops abruptly and
Descemet’s membrane merges into the mesh-
work at the angle. The epithelium is still
stratified squamous but has 10 or more layers
with the basal layer cells being smaller, more
closely packed with scant cytoplasm. The
stroma loses its regular arrangement and
becomes normal connective tissue with numer-
ous blood vessels which are anastomosing
branches of the anterior ciliary artery that ter-
minate in the loops of the marginal plexus and
then drain back into conjunctival venules. The
limbus consists of stem cells which undergo slow
cycling and are capable to undergo proliferation
and differentiation. Each stem cell divides into a
daughter stem cell and transient amplifying cell.
These transient amplifying cells lie in the basal
layer where they further divide to produce
post-mitotic cells. These post-mitotic cells
undergo further differentiation to produce termi-
nally differentiated cells. These cells reach the
superficial layers where continuous sloughing of
the epithelium occurs.

Although both cornea and sclera consist of
collagen fibers, corneal collagen is relatively less
eosinophilic and is regularly arranged contributing
to its transparency. These corneal collagen fibers
are 600 A in diameter whereas scleral fibers are
700-1000 A in diameter. Scleral fibers are more
branched and extend anteriorly on the external
surface further than on the internal surface of the

Langerhan’s

Limbus Cornea
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membrane
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corneoscleral junction. This diagonal arrangement
of the interface relates to the appearance of surgi-
cal limbus and is associated with the structures of
the anterior chamber angle.

Clinically, the surgical limbus (Fig. 1.2)
is appreciated as the blue-gray transition zone
appearing after reflecting the conjunctiva away
from the limbus. The classical blue-gray appear-
ance of this zone results from the scattering of light
through the oblique interface between the cornea
and sclera. Surgical limbus is approximately

Ccu
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Fig. 1.2 Histological section showing the limbus. CE
Conjunctival Epiethelium; CS Conjunctival Stroma; TC
Tenons Capsule; LS Limbal Stroma; CM Ciliary Muscle;
LSJ Limoscleral Junction; CLJ Corneolimbal Junction;
AC Anterior Chamber; PC Posterior Chamber



1.2 mm wide but is narrower in the horizontal
meridian owing to less obliquity of this diagonal
interface in the horizontal meridian. The posterior
border of this blue zone corresponds to the location
of trabecular well. The posterior border of this blue
zone corresponds to the location of trabecular
meshwork internally. Thus surgical incisions
located anterior to this blue zone would enter well
away from the trabecular meshwork [17].

On advancing towards the cornea, another
well-delineated white line is noticed which cor-
responds to the location of scleral spur internally.
After crossing this region, tissue appears grayish
corresponding to the location of Schwalbe’s line.
The limbus contains the aqueous outflow path-
way system consisting of:

(i) trabecular meshwork,
(ii)) Schlemm’s canal and
(iii) aqueous collector channels.

The trabecular meshwork consists of three
components (Fig. 1.3). The uveal meshwork is
the innermost part extending from uveal tissue to
trabeculum and the contribution of this part of
the meshwork to the outflow resistance is very
minimal. Next is the middle trabecular compo-
nent which consists of fenestrated collagen bun-
dles. This part of the extracellular matrix
undergoes phagocytic activity under the

Fig. 1.3 Anatomy of the
trabecular meshwork
components

Juxtacanaliular
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influence of appropriate stimulus [18, 19]. The
Jjuxtacanalicular meshwork lies adjacent to the
Schlemm’s canal and consists of loosely arran-
ged connective tissue.

The canal of Schlemm is single layer of
endothelial-lined channel which plays a major
role in the collection of aqueous humor. It is
located in the groove formed by internal sclera
sulcus which is sandwiched between the scleral
spur posteriorly and by the sclera collagen fibers
superiorly. Aqueous from the Schlemm’s canal is
drained externally by the aqueous collector
channels. These collector channels in turn join
the intrascleral and episcleral veins [20].

Vascular supply

Limbal vessels supply peripheral cornea, con-
junctiva, episclera, limbal sclera, and peripheral
uvea. The limbal vessels receive arterial supply
from the anterior ciliary arteries [21]. Arterioles
from these arteries supply the peripheral cornea
and some of the terminal arterioles reach the
Palisades of Vogt. The venules from the
peripheral cornea drain into the orbital veins
along with the venules from episclera. The deep
scleral plexus and the intrascleral plexus drain
into the episcleral veins. The aqueous collector
channels may drain directly into the deep scleral
vein or alternatively pass through the sclera into
the aqueous vein [22].

Corncoscleral

Uveal

2
g

Ciliary muscle <77



1 Anatomical Considerations

Nerve supply

Cornea possesses rich innervation by both sensory
and autonomic nerve fibers [5, 23]. The sensory
supply is from the ophthalmic division of the
trigeminal nerve [24-30] while autonomic supply
is derived from sympathetic fibers from superior
cervical ganglion [31] and the parasympathetic
fibers from the ciliary ganglion [32-34].

The ophthalmic division of the trigeminal
nerve divides into nasociliary nerve and ciliary
nerves which are its terminal branches. These
ciliary nerves enter the peripheral cornea as radi-
ally arranged bundles forming the limbal plexus
which supplies the peripheral cornea [35]. Nerve
trunks from the limbal plexus enter the corneal
stroma forming the anterior stromal nerves which
are approximately 60-80 in number [2]. Then,
they repeatedly branch to form the anterior stromal
plexus. The superficial layer of the anterior stro-
mal plexus is located just beneath the Bowman’s
membrane and it forms the sub-epithelial plexus
(Fig. 1.4) by repeated arborization of the nerve
fibers. There are a few more fibers which pass over
these stromal bundles to supply the peripheral
cornea. The sub-basal plexus is formed by about
5000-7000 fascicles [36]. The fibers from this
plexus repeatedly branch to end up in a spiral
pattern. The center of this pattern is called “vor-
tex” which is about 2-3 mm inferior and nasal to
the apex of the cornea. Most of the sub-basal
nerves ascend vertically to reach the epithelium
forming the intraepithelial nerve terminals.

Bowmans
membrane

Stroma

Fig. 1.4 Sub-basal nerve plexus

Palisades of Vogt

The limbal palisades were first described in 1914
[37] and Vogt gave the term “palisades” to this
anatomical entity in 1921 [37, 38]. These are
fibrovascular ridges located commonly in the
superior and inferior corneoscleral limbus. The
palisades harbor the limbal stem cells and thus
can be identified as an indicator of health of the
stem cells in normal population [39-43].

The palisades may be of (i) standard pattern,
(i) exaggerated pattern, or (iii) attenuated pattern
[44]. In standard pattern, the palisades appear as
thin cylindrical ridges with fairly uniform spac-
ing and with little or no pigmentation. In the
exaggerated pattern, the ridges are broader,
highly pigmented, and show evidence of trabec-
ulations whereas in the attenuated pattern, the
ridges would be thinner and finer. Between the
connective tissue of the palisades, there are zones
of thickened epithelium called inter-palisades.
Visualization of palisades has been studied
extensively by various methods such as in vivo
confocal microscopy [45] and even with optical
coherence tomography [46].

Conclusions

The anatomy of the peripheral cornea owing to
its special anatomical and physiological charac-
teristics makes it more prone to local infectious
diseases, hypersensitivity reactions, autoimmune
processes, metabolic disorders, and noninflam-
matory peripheral degenerations.

Table 1.1 summarizes the major anatomical
and physiological differences between the central
and the peripheral cornea.

Compliance with Ethical Requirements Saranya Devi,
Anin Sethi, Noopur Gupta, Seema Sen, and M. Vanathi
declare that they have no conflict of interest. No human or
animal studies were performed by the authors for this
chapter.
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Table 1.1 Differences between central and peripheral cornea

Central cornea
¢ 0.5 mm thick

« Epithelium is less tightly adherent to the basement
membrane and stroma [12]

« The epithelial stem cells are less in number in
central cornea [2, 3]

« Proliferation rate of epithelial cells is less in the
central cornea [3]

« Collagen fibers are arranged in a well-organized
manner [5, 6]

» Endothelial cells are non-mitogenic in the central
cornea [3]

 Nutrition of the central cornea is derived from tear
film and aqueous [7]

* MUC 1 and MUC 16 are diffusely distributed
throughout the central cornea

¢ Level of MUC 4 is lower in the central cornea [4]

* Central cornea has almost no access to blood and
lymphatic supply [10, 11]

* Central cornea is highly innervated and sensitivity is
higher in this region [2]
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Introduction

Peripheral ulcerative keratitis (PUK) is a
destructive inflammatory disease of the juxtal-
imbal corneal stroma that is associated with an
epithelial defect, the presence of inflammatory
cells in the stroma and progressive stromal
melting [1]. It could be associated with various
ocular and systemic infectious and noninfectious
diseases [2]. The exact pathophysiologic mech-
anism of PUK is not known. Although different
etiologies are suspected, the overall mechanisms
are thought to be identical in all forms of PUK.
A number of systemic conditions are known to
be associated with PUK. These include collagen
vascular diseases such as rheumatoid arthritis,
Wegener’s granulomatosis, systemic lupus ery-
thromatosus, relapasing polychondritis, pol-
yarteritis nodosa, and infectious conditions such
as syphilis and hepatitis C [1]. Some noninfec-
tious local conditions such as Mooren’s ulcer can
also cause PUK.

The peripheral cornea is unique in both its
morphological as well as immunological char-
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acteristics that predisposes it to inflammatory
reactions. The central cornea derives oxygen
from ambient air, through the tear film and
aqueous humor. In contrast, the peripheral cornea
receives additional oxygen and nutrients from the
perilimbal capillary arcades. The perilimbal
vascular and lymphatic arcades primarily act as a
reservoir for immunocompetent cells such as
macrophages, lymphocytes, Langerhans, and
plasma cells. The proximity of corneal tissue to
these arcades readily exposes the peripheral
cornea to inflammatory cells and mediators [1],
which can result in peripheral ulcerative keratitis.

Morphologically, the corneal extracellular
matrix comprises highly organized lamellae of
collagen fibrils embedded in the framework of
glycosaminoglycans. The predominant cells that
lie in between these lamellae are flattened
fibroblasts, although there are occasional pres-
ence of polymorphonuclear leucocytes, macro-
phages and lymphocytes as well. Corneal
fibroblasts (keratocytes) play a crucial role in the
maintenance and turnover of the corneal matrix.
The principal mechanism involved in the rate of
matrix turnover is the optimal balance between
collagenases and their tissue inhibitors [2]. Col-
lagenases are primarily produced by fibroblasts
and invading mononuclear cells [3]. It is postu-
lated that there is a local imbalance between
levels of a specific collagenase (MMP-1) and its
tissue inhibitor (TIMP-1) in PUK. This imbal-
ance could be responsible for rapid keratolysis, a
hallmark feature in this condition [4]. However,

1
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it remains uncertain whether these factors could
possibly initiate PUK. Research tends to suggest
that both humoral-mediated and cell-mediated
autoimmune processes are involved.

Predisposition to Immune Reaction

The peripheral cornea has distinct morphologic
and immunologic characteristics that predispose
it to immune reaction. The limbal vasculature is
known to accumulate IgM, immune complexes,
C1 (first component of the complement cascade)
as well as other high molecular weight molecules
[5]. Immune complex deposition activates the
classical pathway of the complement system.
This process, in turn results in chemotaxis of
inflammatory cells including neutrophils and
macrophages to the peripheral cornea. These
inflammatory cells release the enzymes collage-
nases and proteases that can potentially disrupt
the cornea stroma [6—8]. Stromal destruction can
further be accelerated by the release of cytokines
such as interleukin-1 from these inflammatory
cells that enables stromal keratocytes to produce
matrix metalloproteinase-1 & 2 [9].

PUK may occur in patients with some
autoimmune diseases, especially rheumatoid
arthritis, which is often associated with severe
necrotizing scleritis. These lesions have a vas-
culitic pathogenesis whereby immune complexes
are situated in the peripheral cornea as well as in
the limbal vessels. There is also chemotaxis of
inflammatory cells, particularly neutrophils and
histiocytes in addition to enzyme liberation from
inflammatory cells. As a result there is collagen
and proteoglycan destruction.

Pathogenesis

Exposure to a foreign antigen activates an adaptive
immune response that leads to the production of
antigen-specific antibodies. The antigen-antibody
combination creates immune complexes that
neutralize the foreign antigen and allow it to be
cleared safely by the reticuloendothelial system.
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This complex system, however, has the potential
to fail. If the antibody response is just adequate,
these immune complexes may escape early
detection and become deposited in the vascular
endothelium. These immune complexes can then
activate compliments leading to severe local
inflammation. The immune complexes within the
blood vessels result in vasculitic reactions. Vas-
culitis frequently leads to cellular destruction,
resulting in damage to the vascular structures and
compromising blood flow to the organ supplied.
Immune complexes are not necessarily patho-
genic. Their immunogenicity is determined by
several factors including antigen load, antibody
response, the efficiency of reticuloendothelial
system in clearance of immune complexes, pre-
existing damage of vascular endothelium and the
solubility of the immune complexes themselves.

Immune complex solubility is determined by
the antibody-antigen ratio. When they are present
in equal proportion, large immune complexes are
formed, which are identified easily and removed
by reticuloendothelial system. When there is an
excess of antibody, small immune complexes are
formed, which remain in solution and do not
elicit any immune response. When there is slight
excess of antigen, however, the immune com-
plexes precipitate from the solution and become
trapped in the capillary beds or in the previously
damaged vascular endothelium. Once immune
complexes precipitate in the tissue, they fix the
complement, leading to intense immune reaction.
Complement fixation and local inflammation
recruit neutrophils, which make an attempt to
engulf the immune complexes. During this pro-
cess, the neutrophils degranulate, releasing
lysosomal enzymes and oxygen-free radicals that
cause tissue necrosis [10].

Complement is a group of serum proteins,
majority of which are produced by liver. Com-
plement can be activated (fixed) by antigen-
antibody complexes or other substances which
may result in variety of biological effects
including cytolysis, anaphylatoxin activity,
chemotaxis, opsonization, and tissue damage.
The consequences of complement activation can
be broadly categorized in two groups:
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Fig. 2.1 Both classical and alternate pathways of the pathway. Membrane attack complexes create pores in the
complement system are activated resulting in the produc-  cell wall leading to cellular lysis
tion of “membrane attack complex” in the terminal
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(A) Facilitating antibody function (destruction
and removal of foreign material): This is
done by either lysis of the target cells or by
immune clearance. Both classical and alter-
nate pathways of complement fixation pro-
duce “membrane attack complex (MAC)”
which in its final state creates pores in
the cell wall leading to cellular lysis
(Fig. 2.1). Immune clearance, on the other
hand, is a critical function facilitated by the
presence of receptors on the surface of leu-
cocytes and erythrocytes. This is a special
process by which the soluble immune
complexes are removed from the serum.
Development of inflammation: Complement
components that are activated in plasma and
body fluids are engaged in the regulation of
virtually all phases of an acute inflammatory
reaction, including changes in the vascular
flow and caliber, the increase in vascular
permeability, extravasation of leucocytes
and chemotaxis. Several regulatory func-
tions of complement affect other inflamma-
tory mediators, whereas other compliment
activities are associated with the direct action
of complement proteins on target cells.
Because of its variety of activating mecha-
nisms, complement can independently par-
ticipate in the regulation of inflammation, in
either presence or absence of an infection.

(B)

Mooren’s ulcer, a relatively uncommon
painful peripheral corneal ulceration without
associated scleral involvement deserves a special
mention in this regard. Although there are suffi-
cient evidences to suggest the autoimmune nat-
ure of the disease, the precise pathophysiological
mechanism remains unclear. High levels of pro-
teolytic enzymes have been demonstrated in the
affected conjunctiva [11]. Foster and colleagues
had established the presence of numerous acti-
vated neutrophils in the affected cornea and
eventually proposed that these neutrophils were
the source of proteolytic enzymes [12].
Researchers also noted that systemically, helper
T cells outnumbered supressor T cells in patients
with Mooren’s ulcer. It was proposed that
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unregulated helper T cells could induce produc-
tion of autoantibodies, resulting in deposition of
immune complexes, complement activation fol-
lowed by inflammatory cell infiltration and
release of proteolytic enzymes [13, 14].
However, it is important to remember that
inflammatory involvement of adjacent conjunc-
tiva, episclera, and sclera is not a feature of all
types of PUK. A simple hypersensitivity reaction
to exogenous antigens may induce marginal
keratitis and phlyctenular keratitis in the periph-
eral cornea that has an excellent prognosis when
compared to immune diseases-related PUK.

Conclusions

Any inflammatory stimulus in the peripheral
cornea, be it a microbial invasion, immune
complex deposition as in systemic immune dis-
eases, malignancy, or trauma, all result in neu-
trophil recruitment and activation of both
classical and alternative pathways of complement
in tissues and vessels. Activated components
increase the vascular permeability and produces
chemotactic factors for neutrophils such as C3a
and C5a. These neutrophils infiltrate in periph-
eral cornea to release collagenolytic and prote-
olytic enzymes as well as many other pro-
inflammatory substances. An inflamed limbal
conjunctiva itself has the capability to generate
collagenase enzymes. Therefore, the final result
is disruption, dissolution, and tissue necrosis of
corneal stroma followed by progressive thinning,
a typical feature of PUK.
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Introduction

Peripheral ulcerative keratitis (PUK) is a disorder
of the juxtalimbal cornea characterized by a
crescent-shaped destructive inflammation of cor-
neal stroma associated with an epithelial defect, the
presence of stromal inflammatory cells and pro-
gressive stromal degradation and thinning [1-3].
PUK can be associated with various ocular and
systemic infectious and noninfectious diseases.
Various systemic autoimmune vasculitic diseases
that can prove potentially fatal may present as
PUK. Because of its association with a large
number of disease, it is very important to diagnose
the etiology of the PUK. The clinical evaluation is
often successful in identifying the cause. However,
in certain cases a battery of investigations may be
required [1, 2]. PUK often has involvement of
adjacent structures like conjunctiva, episclera, and
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sclera inflammation. Potentially serious complica-
tions of PUK include corneal perforation and sev-
ere corneal scarring with thinning and
vascularization. PUK-associated complications can
be prevented with timely diagnosis, detection of the
underlying systemic inflammatory disease, and
proper treatment. A careful clinical evaluation often
helps in timely diagnosis and prevention of
complications.

Clinical Evaluation
History

A careful history is absolutely vital for making a
diagnosis of PUK. The onset and progression of
symptoms in a case of PUK are characteristic.
The most common form of PUK, that is, Moo-
ren’s ulcer is classified into three different cate-
gories depending upon the onset, age of the
patient, progression, and investigation findings.
These three categories are summarized in
Table 3.1. The onset can be especially acute in
cases of Mooren’s ulcer. The disease can be
unilateral or bilateral. Most cases associated with
systemic diseases can have bilateral presentation.

Symptoms

The various presenting complains in a case of
PUK includes following:

Essentials in Ophthalmology, DOI 10.1007/978-3-319-50404-9_3
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Table 3.1 Systemic
features and systemic
diseases associated with
peripheral ulcerative
keratitis

Clinical features
Skin and hair
Rash/ulcers
Sunburn easily
Depigmentation

Loss of hair

Painfully cold fingers

Puffy hands and feet
Respiratory
Constant coughing
Coughing blood
Asthma attacks
Shortness of breath
Pneumonia
Genitourinary
Blood in urine
Testicular pain
Rheumatologic
Painful joints
Muscle aches
Gastrointestinal
Abdominal pain
Nausea, vomiting
Regurgitation
Jaundice

Blood in stool
Neurological
Headaches
Numbness/tingling
Paralysis

Seizures
Psychiatric

Ear

Deafness

Swollen ear lobes
Ear infections

Nose/sinus

Nasal mucosal ulcers

Rhinitis/nosebleeds

Swollen nasal bridge

Sinus trouble

P.K. Maharana et al.

Systemic disease

All vascular syndromes, SLE
SLE, PSS

SLE

PSS, SLE, GCA

PSS

Sjog, CS, WG, RP

WG, SLE

SLE, CS, WG, PSS, RP
CS

WG, SLE, PAN, CS, RP
CS, WG, Sjorg, RP

WG, SLE, PAN, CS, RP
PAN

All vasculitic

PAN, GCA, PSS, Sjog
PAN, GCA, PSS, Sjog

PAN, SLE, CS
SLE

PSS

SLE

PAN

SLE, GCA, RP

All vasculitic syndromes
SLE, WG, RP

SLE, RP

SLE, CS

RP, WG, GCA, Sjog
RP
WG, RP

WG, SLE
WG

RP

WG

(continued)
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Table 3.1 (continued) Clinical features
Mouth/throat

Oral mucosal ulcers
Dryness

Persistent hoarseness

Systemic disease

SLE, Sjog
Sjog
SLE, RP

SLE systemic lupus erythematosis, RA rheumatoid arthritis, RP relapsing polychondritis,
PSS progressive systemic sclerosis, PAN polyarteritis nodosa, Sjog Sjogren’s disease,
WG Wegener’s granulomatosis, CS Churg-Strauss, GCA giant cell arteritis

Ocular redness, Pain, Watering, and Pho-
tophobia: Pain is prominent and may be severe.
Excruciating Pain out of proportion to the
severity of ulcer is often a characteristic feature
of Mooren’s ulcer. During the healing stage of
the ulcer, patients may get the relief from the
excruciating pain that has been present through-
out the course of the disease.

Decreased vision: In acute cases visual acuity
may be normal or mild reduction can be there.
Very rarely, a case can present with acute loss of
vision when it is associated with corneal perfo-
ration. In long-standing cases visual acuity may
be reduced secondary to induced astigmatism or
corneal opacity.

Systemic features: The PUK can be a mani-
festation of an occult systemic disease. Thus, a
thorough systemic history is very important and
should include chief complaint, characteristics of
present illness, past medical history, family his-
tory, and a meticulous review of systems [3-5].
Systemic diseases such as; Rheumatoid arthritis
(RA), Wegener’s granulomatosis (WG), Relaps-
ing polychondritis (RP), Systemic lupus erythe-
matosus (SLE), Polyarteritis nodosa (PAN),
Microscopic polyangiitis, Sjogren syndrome,
Giant cell arteritis (GCA), and Churg-Strauss
syndrome may present with the following
symptoms (Table 3.1):

e General—Constitutional symptoms such as
chills, fever, evening rise of temperature,
malaise, poor appetite, recent weight loss, and
fatigue.

e Musculoskeletal—Myalgia,  joint  pain,
arthritis, back pain, and limitation of motion.

e Skin—Rashes, pigmentations, nodules, vesi-
cles, ulcer, nail changes, and periungual
infarcts.

e QGastrointestinal—Abdominal pain, nausea,
vomiting, difficulty in deglutition, and
diarrhea.

e Respiratory—Coughing, chest pain, wheez-
ing, pneumonia, and shortness of breath.

e Cardiac—Chest pain mimicking angina, and
dyspnea

e Neurologic—Headaches, seizures, psychi-
atric, paralysis, and symptoms of peripheral
neuropathy such as
numbness/tingling/burning sensation.

Recurrent symptoms: Recurrences are com-
mon. Hence, a previous history of similar com-
plaints can be found. Past history of trauma or
recent surgery may precede an acute attack of
PUK [6].

Signs

Ocular Examination
A careful slit-lamp examination can reveal fol-
lowing signs.

e Peripheral crescentic ulceration with an
epithelial defect, thinning and stromal
infiltration at the limbus (Fig. 3.1). It begins
as a crescent-shaped gray-white infiltrate
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Fig. 3.1 Clinical
photograph of peripheral
ulcerative keratitis showing
characteristic overhanging
edge, stromal loss with
thinning and adjacent
stromal infiltrates with
corneal edema. While the
ulcer is progressing
centripetally, healing can
be seen in the periphery
characterized by scarring
and vascularization

in the peripheral cornea later followed by
epithelial defect and stromal thinning. The
ulcer typically involves the superficial
one-third of the stroma initially. The ulcer is
concentric to the limbus; the leading edges
are undermined, infiltrated, and
de-epithelialized. The spread is circumfer-
ential and occasionally central with variable
epithelial loss and stromal thinning. As it
progresses, it creates an overhanging edge at
its central border. An undermined and
infiltrated leading edge is characteristic.
Probing of this edge may reveal a greater
degree of stromal destruction in contrast to
what it appears clinically [1-3]. In the sev-
ere cases stromal thinning may progress to
corneal perforation. The perforated area is
often plugged by the iris (Fig. 3.2) sealing
the gap.

Several distinct foci may be present and
subsequently coalesce.

Limbitis may be present.

Scleritis, when present aids in distinguishing
from systemic disease-associated PUK.

Vascularization involving the bed of the ulcer

up to its leading edge but not beyond.

As the disease progresses, behind the

advancing edge of the ulcer, healing may take

place. The healing stage is characterized by

thinning, vascularization, and scarring

(Fig. 3.1). The healed area remains clouded.

In an advanced case of Mooren’s ulcer most

of the cornea is lost, leaving behind a central

island surrounded by area of grossly thinned,

scarred, and vascularized tissue.

Iritis and anterior chamber cells, flares are not

uncommon.

The adjacent conjunctiva and sclera are usu-

ally inflamed and hyperemic.

PUK associated with systemic autoimmune

disease presents with certain specific features

that are often helpful in differentiating from

Mooren’s ulcer [3-5].

— Pain is not as severe as Mooren’s ulcer

— In contrast to Mooren’s ulcer, extension
into the sclera may occur.

— There is no separation between the ulcer-
ative process and the limbus.
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Fig. 3.2 Clinical
photograph of peripheral
ulcerative keratitis showing
stromal loss with thinning
and perforation with iris
plugging at the site of
perforation

Table 3.2 Clinical signs
and systemic diseases in
peripheral ulcerative
keratitis

Systemic Examination
A complete systemic examination can provide a

Clinical signs

Saddle nose deformity

Auricular pinnae deformity

Nasal mucosal ulcers
Oral/lip/tongue mucosal ulcers
Facial “butterfly” rash

Alopecia

Hypo/hyperpigmentation (scalp, face)
Loss of facial expression

Facial telangiectasia

Rhinophyma

Facial/arms/legs rashes, ulcers
Facial/arms/legs taught skin
Temporal artery erythema/tenderness
Raynaud’s phenomenon (fingers)

Ulcers in fingertips

Subcutaneous nodules in arms and legs

Arthritis in arms and legs

Systemic disease

RP, WG

RP

WG

SLE, Sjog

SLE

SLE

SLE, PSS, RP

PSS

Rosacea, PSS

Rosacea

All vasculitic syndromes
PSS

GCA

PSS, SLE, G-C, Sjog
All vasulitic syndromes
RA, SLE, WG, CS, PAN

All vasculitic syndromes

SLE systemic lupus erythematosis, RA rheumatoid arthritis, RP relapsing polychondritis,
PSS progressive systemic sclerosis, PAN polyarteritis nodosa, Sjog Sjogren’s disease,
WG Wegener’s granulomatosis, CS Churg-Strauss, GCA giant cell arteritis

clue about the underlying systemic disease. The 7-16].

different clinical signs and the systemic diseases
associated are summarized in Table 3.2 [1-5,
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Specific Diseases
Mooren’s Ulcer

The most important differential diagnosis for
PUK is Mooren’s ulcer. It is a diagnosis of
exclusion, made in cases of PUK without any
systemic association and without scleritis.
A typical case of Mooren’s ulcer takes around 4—
18 months of time for complete healing resulting
in a scarred, vascularized cornea [1-3]. Compli-
cations like iritis, hypopyon, glaucoma, and cat-
aract can be seen. Corneal perforation may occur
in 35-40% of cases, often associated with minor
trauma to the weakened cornea [1, 5]. Watson
has classified the disease based on the clinical
presentation and the low dose anterior segment
fluorescein findings into; (1) Unilateral Mooren’s
ulcer (2) Bilateral aggressive Mooren’s ulcer, and
(3) Bilateral indolent Mooren’s ulcer [9]. The
various characteristics are outlined in Table 3.3.

Table 3.3 Watson’s classification of Mooren’s ulcer
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Unilateral Mooren’s ulcer: It is a rare type
that mainly affects patients aged above 60 years.
The onset is rapid with redness and severe pain in
the affected eye. On examination, the cornea will
reveal the typical features of Mooren’s ulcer,
which may progress slowly or extremely rapidly
from a single focal point. Over the period the
central corneal stroma is removed completely
and a thin layer of scar tissue covering an intact
endothelium and covered by epithelium derived
from conjunctiva remains.

Bilateral aggressive Mooren’s ulcer: Bilat-
eral Mooren’s ulcer is found commonly in the
Indian subcontinent and in communities of
Indian origin and in parts of West Africa. The
age group affected is usually between 14 and
40 years. Usual presentation includes unilateral
typical lesion in one eye followed by the devel-
opment of the lesion in the other eye. Angiog-
raphy reveals; changes in the architecture of
episcleral vessels with some areas of closure,

Characteristics ~ Unilateral Mooren’s ulcer Bilateral aggressive Mooren’s Bilateral indolent
ulcer Mooren’s ulcer

Age Old Young Middle-aged or old

Gender Usually female Male Male and female

Race Usually white Usually African/Indian/Chinese Usually Indian

Triggering Minor trauma/infection Trauma/infection Chronic systemic

factor infection
Minor ocular trauma
or infection

Laterality Unilateral Bilateral Bilateral

Pain Excruciating Painful Less

Progression Rapid Slow Slow

Anterior Vaso-obliteration of superficial Conjunctival and episcleral Superficial networks

segment vascular networks with leakage networks normal. Intense deep normal

angiography from large vessels. Intense deep leakage. Ulcer vascularized from Vasodilation of deep

leakage. Vascularization of ulcer, | deep vessels network
from superficial and deep vessels Ulcer vascularized

from deep vessels

Treatment Unsatisfactory Immunosuppression Local
immunosuppressive
therapy + supportive
general treatment

Keratoplasty Recurrence common Recurrence common Recurrence rare

Perforation Very rare Can occur Rare
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break-up of the limbal arcade, leakage from the
tips of these vessels, and extension of the vessels
into the bed of the ulcer.

Bilateral indolent Mooren’s ulcer: It usually
affects patients in their fifth decade or older. It
presents as bilateral indolent ulcers that progress
slowly. Some may heal spontaneously.

PUK Associated with Systemic Disease

PUK may be associated with systemic conditions
and can be an early manifestation of an under-
lying vasculitis. Most instances of the systemic
conditions are already known at the time of
diagnosis, however, approximately in 25% cases
PUK precedes the systemic manifestation [1, 5].
Thus, a careful medical history, comprehensive
review of systems, and appropriate laboratory
testing are necessary in a case of PUK [5, 10].

Rheumatoid Arthritis

Rheumatoid arthritis is the most common sys-
temic disease associated with the PUK. RA is
observed in 34-42% of PUK cases [5, 10]. The
prevalence of the PUK in patients with RA is
around 3% [5]. PUK can arise as a complication
of scleritis or independently of this condition.
Rheumatoid PUK frequently occurs in patients
with destructive, often nodular, RA of long
duration, often after 20 years of disease pro-
gression, and in patients with high titers of RF
and anti-CCP antibodies. The largest published
series of patients with scleritis, comprising 500
patients, associated PUK was observed in 7.4%
of scleritis cases, but in 35% of necrotizing
scleritis cases [11]. It is hypothesized that the
presentation of PUK may signify the transfor-
mation of RA into the systemic vasculitic phase
[4, 11-13]. The presentation of PUK in a patient
with RA suggests a life-threatening stage of the
disease and should be treated as an emergency
with immunosuppressant and cytotoxic therapy
[4, 11-13]. The 5-year mortality rate for
untreated RA with either PUK or scleritis is
approximately 50%. The patient’s clinical profile
and positive serologic studies help in establishing
the diagnosis.
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Wegener’s Granulomatosis

Wegener’s granulomatosis (WG) is a rare disease,
of unknown etiology, that is characterized by
vasculitis of the upper and lower respiratory
tracts, often in combination with glomeru-
lonephritis [1, 2, 14]. The WG may affect multiple
organs, including the skin, eye, heart, nervous
system, and gastrointestinal tract and may cause a
variety of ocular complications such as scleritis,
proptosis, PUK, and conjunctivitis. Peripheral
ulcerative keratitis experienced in a patient with
WG is a nonspecific disease causing conjunctival
and scleral inflammation that eventually leads to
corneal thinning if systemic therapy is not initi-
ated. In contrast to RA, PUK often manifests at
the onset of WG, leading to the diagnosis of the
systemic condition. Ocular involvement occurs in
up to 50-60% [2, 14]. The patients may present
with conjunctivitis and scleritis that may progress
to PUK or PUK may be present as an isolated
finding. The sclera is usually involved in these
cases and this differentiates it from Mooren’s
ulcer in which sclera is generally not involved [2].
A laboratory test, like serum anti-neutrophil
cytoplasmic antibody (ANCA) test helps to
establish the diagnosis, ANCA titers correlate
with the severity and extent of the disease and
tend to decrease in remission of the disease. Two
patterns of staining are associated with this test—
the C-ANCA (cytoplasmic anti-neutrophil cyto-
plasmic antibody) and the P-ANCA (perinuclear
anti-neutrophil cytoplasmic antibody). The
C-ANCA test has 99% specificity and 96% sen-
sitivity [14]. This test also helps to follow the
clinical response to therapy and the chances of
recurrence of PUK are more if these values have
not normalized, despite apparent clinical remis-
sion when therapy has been tapered or discon-
tinued. When the disease is limited, the sensitivity
drops and fluctuation in the c-ANCA titer may
correlate with the disease state [2, 14].

Polyarteritis Nodosa

PAN is a rare multi-system disease with necro-
tizing vasculitis of the small- and medium-sized
arteries [15, 16]. The etiology is unknown, and
the diagnosis rests on the histopathology identi-
fication of typical vascular changes. Scleritis,



24

PUK, and retinal vasculitis are the predominant
ocular inflammatory manifestations of this dis-
ease. PAN is a life-threatening disease with a
death rate of 85% if untreated, a death rate of
50% if treated with corticosteroids only, and a
death rate of only 5% if treated with cyclophos-
phamide and systemic corticosteroids with
tapering of the corticosteroids [16]. The clinical
characteristics of PUK in this disease are similar
to those of Mooren’s ulcer. The hepatitis B sur-
face antigen is positive in about 50 percent
patients with PAN. Systemic immunosuppressive
therapy is the key to retard the progression of
PUK [2, 16]. A development of peripheral
ulcerative keratitis or scleritis or retinal vasculitis
in a patient with already diagnosed polyarteritis
nodosa, on therapy, is indicative of a need for
more vigorous therapy [16].

Ocular and Systemic Infections

Ocular and systemic infections may also cause or
be associated with the PUK. Microbial pathogens
implicated in the etiology of PUK include bac-
teria (Staphylococcus and Streptococcus spe-
cies), spirochetes (Treponema  pallidum),
Mycobacteria (tuberculosis), viruses (hepatitis C,
herpes simplex virus, varicella zoster virus),
acanthameoba, and fungi [2, 5].

Peripheral Corneal Diseases

Few peripheral corneal disorders can mimic PUK.
Marginal keratitis and phlyctenular ulcers can
present with a clinical appearance similar to PUK.
The differentiation is often difficult during the
active stage of ulceration. However, the signs are
less severe and self-limited. Herpetic infections
begin with an epithelial defect, followed by an
infiltrate, which is the reverse order of that
observed in marginal keratitis [1, 2]. Marginal
keratitis responds rapidly to topical steroids,
whereas PUK might worsen due to the lack of
targeted systemic treatment. A clear intervening
zone between the infiltrate and limbus, and the
associated blepharitis can be seen in the case of
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Staphylococcal marginal keratitis. Patients gen-
erally do not complain of severe pain as seen in
cases with Mooren’s ulcer [1, 2]. Terrien’s
marginal degeneration (TMD) can be confused
with PUK due to associated progressive periph-
eral corneal thinning and superficial vasculariza-
tion. However, unlike PUK and Mooren’s ulcer,
inflammation and epithelial defects are not hall-
marks of TMD, TMD is typically painless, does
not ulcerate. Demarcation from the central cornea
with a gray line is characteristic of TMD. TMD
begins superiorly as fine punctate stromal opaci-
ties and a clear zone exists between the limbus
and the infiltrate. Superficial vascularization is
present in almost all cases. The peripheral thinned
zone is determined by a white lipid line at its
central edge slowly progressive thinning spreads
circumferentially and causes irregular astigma-
tism [1, 2]. Senile furrow degeneration is char-
acterized by thinning in the lucid interval between
an arcus and limbus may occur in the elderly [2].
However, the epithelium is intact and there is no
infiltrate or inflammation. The furrow is shallow
and not vascularized, with sloping central and
peripheral edges. Progression is extremely slow,
and has no risk of perforation [1, 2].

Conclusions

Careful clinical evaluation often helps in the
initiation of treatment, when reports of other
investigations are still awaited. In addition, such
approach tapers the differential diagnosis to a
minimum, thereby avoiding unnecessary inves-
tigation and increased cost of the management of
such cases.
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Introduction

A wide variety of investigative modalities are
called into play in managing a case of peripheral
ulcerative keratitis [1]. The very nature of the
disease entails a host of local and systemic effects
either as cause or effect of the pathogenesis and
consequently the investigations would also fol-
low a path according to the need of the specific
clinical situation. A bewildering array of tests
with complex possibilities for interpretation can
actually be fruitfully utilized in the best interest
of the patient if applied well using a systematic
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logical approach while keeping abreast with the
latest knowledge in the field [2].

One must keep in mind that all possible tools
and technology may not be available or acces-
sible, may not be affordable and in many cir-
cumstances may in fact even not be required [3].
For ease of understanding, the investigations can
be considered as classified in different categories
in terms of the type of test, what information is
expected, the level at which it should be con-
sidered, how the results should be handled, and
the situations when a higher level of expertize
and machinery should be considered.

Evaluation of Patients
with Peripheral Ulcerative Keratitis

Evaluation should include a careful history,
physical examination and the systematic review.
A holistic approach should be directed towards
the symptoms of systemic conditions associated
with peripheral ulcerative keratitis and scleritis
[4]. These conditions include rheumatoid arthritis
(RA), granulomatosis with polyangiitis (Wegener
Granulomatosis), polyarteritis nodosa, relapsing
polychondritis, systemic lupus erythematosus,
Churg—Strauss syndrome, and inflammatory
bowel disease. Infections should also be consid-
ered as a possibility and a careful history of any
surgical insult or trauma should be extracted. The
various investigative modalities are aimed at
finding the underlying disease entity.
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Classification of Investigative
Modalities

1. Standard screening tests

2. Tests required in specific situations

3. Establishing the etiology at a local ocular
level

4. Establishing the etiology at a systemic level

Watching out for side effects of medications

6. Role of each of these investigations.

9,1

Standard Tests

Standard testing in all patients with peripheral
ulcerative keratitis and scleritis includes hema-
tological investigations with estimation of
hemoglobin and the complete blood count, the
renal and liver function tests, and a urinalysis
with microscopy. In addition, immunological
testing for markers of vasculitis is recommended
[antineutrophil cytoplasmic antibodies (ANCA)].
Other markers to consider based on clinical his-
tory and examination include antinuclear anti-
bodies (ANA), rheumatoid factor, and antibodies
to cyclic citrullinated peptides (anti-CCP anti-
bodies) [4, 5]. In addition, all patients should
undergo testing for syphilis. Typically, both a
nonspecific test [rapid plasma reagin (RPR)] and
a treponema specific test [fluorescent treponemal
antibody (FTA-ABS)] are used to evaluate for a
spirochetal infection. In addition, a chest X-ray
should be obtained to evaluate for pulmonary
disease which may be seen in several systemic
conditions associated with peripheral ulcerative
keratitis and scleritis (e.g., sarcoidosis, vasculitis,
tuberculosis).

In addition, a local microbiologic infection
must be considered in all patients, especially
those living in hot-humid climates where eye
infections are more common. In eyes with fea-
tures suspicious of local infection (necrosis,
abscess formation), microbiological evaluation
using cultures is needed to establish the
diagnosis.
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Tests that May Be Required
in Specific Situations

Based on clinical history and examination, other
tests should be considered including an evalua-
tion for other infections (e.g., serologic testing
for Lyme disease, skin test for tuberculosis). In
those with pulmonary symptoms, a computed
tomographic (CT) scan can be ordered which has
greater sensitivity compared to standard X-ray.
Additional serologic and radiographic tests may
be required to exclude inflammatory and infec-
tious conditions if mandated by specific clinical
features or by the results of initial serological
testing. For example, in patients with axial
arthritis, sacroiliac joint radiographs (for
spondyloarthropathies) can be performed; in
those with sinus complaints, a CT scan of the
sinuses can be ordered; and in those with liver
function abnormalities, serologies for hepatitis B
and C should be evaluated [5-7].

If there is a suspicion of posterior scleritis,
ultrasonography is useful to evaluate for scleral
thickening and fluid in Tenon’s capsule. When
there is fluid in Tenon’s capsule, the finding is
called the “T-sign”. CT scan of the orbits can
also demonstrate thickening of the sclera or
inflammation of the orbit in posterior scleritis.

Establishing the Etiology
at the Ocular Level

Ocular infections are the important cause of
PUK. Microorganisms responsible for causing
the peripheral ulcerative keratitis include bacteria
(Staphylococcus and Streptococcus species),
spirochetes (Treponema pallidum), Mycobacteria
(tuberculosis), herpes simplex and varicella zos-
ter virus, acanthameoba, and fungi. Laboratory
procedures for the diagnosis of Kkeratitis are
directed towards the detection of the causative
microorganism [5-8]. The samples should be
collected at the initial visit prior to the com-
mencement of the therapy. These should then be
sent for smear examination and inoculated on the
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culture media. These tests in unison with the
serological testing help in establishing the etio-
logical diagnosis of the peripheral ulcerative
keratitis and impact management. The role of
various imaging modalities such as SD-OCT and
fluorescein angiography is important in con-
firming the clinical diagnosis, documenting the
extent of involvement, and monitoring the course
of the disease.

Establishing the Etiology
at the Systemic Level

As described above, the combination of various
hematological and serological testing along with
the imaging such as chest radiographs and CT
scanning may be required in establishing the
etiological diagnosis at a systemic level [6, 7].

Monitoring for Any Potential
Complications and Side Effects
of Medications

Many individuals with immune mediated PUK or
scleritis require immunosuppressive medications
to control the disease process. In these patients, it
is imperative to monitor for potential medication
associated complications. In general, patients
receiving an anti-metabolite (methotrexate,
mycophenolate) and/or T cell inhibitor (cy-
closporine, tacrolimus) require complete blood
counts and comprehensive metabolic panel every
2-3 months. Patients on cyclophosphamide
should have a complete blood count every one to
two weeks in the initial phase of therapy with
less frequent testing as proper dosage is estab-
lished. In addition, urine analysis is mandated to
monitor for the presence of any hematuria [7, 8].
Evaluation for glucocorticoid-induced bone
weakening with a bone density scan must also be
considered on a yearly basis and prophylaxis
should be provided for osteoporosis in those
requiring chronic corticosteroid therapy.
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Role of each of the Investigations:
Hematological Investigations

Hemoglobin

The commonest manifestation of the connective
tissue disease is moderate to severe amount of
anemia depending on the disease activity [4].
Hypochromic microcytic type of anemia is usu-
ally seen as a result of iron deficiency or the
inability of the reticuloendothelial system to
release sequestered iron. Autoimmune hemolytic
anemia is also seen in up to 10% of the patients
with systemic lupus erythematosus [5]. Perni-
cious anemia is also associated with rheumatoid
arthritis and macrocytosis occurs as a complica-
tion of the therapeutic use of drugs such as
methotrexate or azathioprine in such cases [6].

Total Leucocyte Count

An increased white cell count may be a feature of
polyarteritis nodosa [7]. While leucopenia occurs
in systemic lupus erythematosus, neutropenia is
often seen in association with rheumatoid
arthritis. Eosinophilia can occur as a result of
gold sensitivity in rheumatoid arthritis and in
strongly seropositive disease.

Platelet Count

Thrombocytopenia occurs with the use of
antirheumatoid drugs such as gold, penicil-
lamine, and other cytotoxic agents and also in
approximately 20% of the patients with systemic
lupus erythematosus and patients with primary
antiphospholipid antibody syndrome. Raised
thrombocyte levels are seen in approximately
one-third of patients with rheumatoid arthritis
[5-T7].

Erythrocyte Sedimentation Rate

and Viscosity

ESR is a nonspecific indicator of inflammation
but it can be used to measure activity in
rheumatoid arthritis and to follow the course of
the disease. Raised ESR of over 50 mm/h in the
first hour is usual in polymyalgia rheumatica and
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temporal arteritis [6-9] Plasma viscosity is
mainly dependent on the changes in the fibrino-
gen and globulin ratio and is not influenced by
the age, sex, or the hematocrit values of the
patient unlike ESR values.

Acute Phase Proteins

These include the C-reactive protein, cerulo-
plasmin, haptoglobin, fibrinogen, and alpha-1
antitrypsin which usually rise in the connective
tissue disorders [10, 11]. The changes in these
components may occur both in the acute and
chronic inflammation. Measuring both CRP and
ESR may be more helpful in the assessment of
the disease activity rather than measuring either
one alone. However, the increment in these
components is quite variable and can be absent in
40% of patients with recent onset of rheumatoid
arthritis [7, 8].

Other Serological Investigations
Angiotensin converting enzyme (ACE) can be
elevated in sarcoidosis. Hepatitis B surface anti-
gen is sent in suspected cases of polyarteritis
nodosa. For the diagnosis of syphilis, fluorescent
treponemal antibody (FTA) test against the tre-
ponemal antigen is helpful in earlier stages of the
disease whereas non treponemal tests such as
VDRL are useful in monitoring the progression
of the disease as these become negative after the
therapy [12, 13]. A variety of DNA probe assays
are available for the direct detection of the
microorganisms. Target amplification systems
such as PCR (polymerase chain reaction) have
the advantage of greater speed than the conven-
tional culture methods in case of Herpes simplex
virus (HSV) infection [8].

Immunological tests

Antirheumatoid Antibodies

Rheumatoid factors are produced in the syn-
ovium of rtheumatoid arthritis patients. These are
autoantibodies directed against the Fc fragment
of the IgG [13, 14]. It is found in 80% of the
patients with rheumatoid arthritis, chronic infec-
tions, other immunological diseases, and also in
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the general population in up to 4% cases.
Rheumatoid factors can be detected with the use
of enzyme-linked immunosorbent assay (ELISA)
which is widely available [2, 8].

Anti-cyclic Citrullinated Peptide (anti-CCP)
Antibodies

It is used in patients when rheumatoid arthritis is
suspected but rheumatoid factor is negative as
this is more specific than rtheumatoid factor. The
titres are directly related to the disease severity.
However, because of the low sensitivity this test
alone cannot be relied upon to detect rheumatoid
arthritis [14, 15].

Antinuclear Antibodies

This is found in about 95% of the patients with
systemic lupus erythematosus and it is perhaps
the most widely used screening test for the dis-
ease. The positive ANA test supports the diag-
nosis but the negative ANA test makes the
diagnosis of SLE unlikely [16, 17].

Antineutrophil Cytoplasmic Antibodies

This test is based on identification of antibodies to
cytoplasmic targets in monocytes and neutrophils.
This is done by indirect immunofluorescence by
using normal neutrophils where different antibody
specificities are indicated by different patterns [17,
18]. The two patterns are assigned as cANCA
(classic perinuclear fluorescence pattern) and
pANCA (atypical ANCA; more diffuse staining
pattern). cANCA is produced by proteinase 3
(PR3) autoantibodies and is highly sensitive and
specific  granulomatosis with  polyangiitis.
PANCA is directed against myeloperoxidase and
is associated with microscopic polyangiitis. This
test is highly specific but less sensitive. Hence, this
test is found to be valuable in the early diagnosis of
the renal/pulmonary vasculitis syndromes [1, 2, 8].

Antiphospholipid Antibodies
These antibodies are responsible for false posi-
tive VDRL test in lupus. A wide variety of
antibodies exist such as anticardiolipin antibod-
ies. Anticardiolipin antibodies occur in up to
40% of the SLE patients [8, 18].
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Lupus Erythematosus Cells

It is an antibody to the histone particle of the
DNA molecule. This test is positive in up to 75%
of SLE patients. However, it can also be found
positive in other conditions such as Sjogren’s
syndrome, rheumatoid arthritis, chronic liver
disease, and connective tissue diseases [1, 2, 18].

Microbiological Workup

Laboratory procedures for the diagnosis of ker-
atitis are directed towards the detection of the
causative microorganism. The samples should be
collected at the initial visit prior to the com-
mencement of the therapy [9]. These should then
be sent for smear examination and inoculated on
the culture media. The treatment can be initiated
based on the result of smear examination and, if
required can be modified in accordance with the
culture and sensitivity results.

Corneal scraping is done under topical anes-
thesia with the help of Kimura’s spatula. Other
instruments which could be used for the same
purpose are 26-gauge needle, Bard Parker blade
#57 (Becton Dickinson, Franklin Lakes, New
Jersey), surgical blade, hypodermic needle, and
calcium alginate swab. The leading edges and the
base of the ulcer are scraped. Multiple scrapings
could be obtained to enhance the yield of the
organism and proper care should be taken to
avoid the contamination [1, 2, 9]. This material is
then transferred onto the glass slide and the
smear is prepared, one for gram staining, and the
other for KOH wet mount. Additional smears can
be prepared for special stains such as Giemsa,
Ziehl-Neelsen, calcofluor white, periodic acid
schiff, and Gomori Methenamine stain. The
corneal scrapings are also inoculated onto the
blood agar plate, chocolate agar plate, Sabour-
aud’s dextrose agar, and anaerobic media (if
anaerobes are suspected). This is done by
streaking the platinum spatula lightly over the
surface of the selective media plate in a C-shaped
configuration and growth on the C streak is
considered significant. Most aerobic bacteria
grow on standard culture media within 48 h.
Anaerobic and fungal cultures can take a longer
time [9].
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Imaging modalities

Low Dose Fluorescein Angiography
Fluorescein angiography has been described to
be a helpful modality in monitoring the scleritis.
The area of interest is first photographed at 10x,
and 16x magnification. Fluorescein angiography
is then performed after injecting 5 ml of 10%
sodium fluorescein into the antecubital vein and
the images are captured using the same camera at
one second intervals, starting ten seconds after
the injection of the dye. Low dose fluorescein
angiography is preferred over the conventional
fluorescein angiography as it utilizes lesser dose
of the fluorescein dye and use of the more sen-
sitive photographic film. This results in less
leakage and better picture quality [19, 20].

Sclerokeratitis

Low dose anterior segment fluorescein angiog-
raphy can be helpful in making the diagnosis and
assessing the response to treatment in patients
with peripheral ulcerative keratitis or scleroker-
atitis. It determines the leakage into the cornea
from the limbal capillaries and the newly formed
vessels which are associated with ongoing
inflammation and the response to therapy [21].

Stromal Keratitis

There is an area of poor perfusion adjacent to the
limbus with new vessels extending from the
surrounding vascular loops into the cornea.
These can be derived from either deep or
superficial vascular plexus. Leakage is seen on
either side of the advancing tip in the active
inflammatory phase. The leakage stops as soon
as the treatment becomes effective [19-21].

Destructive Keratitis
In the mildest form, there is poor perfusion of
vessels surrounding the limbus with disruption of
the normal limbal arcade which in turn is
replaced by the new vessels stretching into the
superficial stroma.

In the peripheral ulcerative keratitis, there is a
complete non-perfusion of the vessels sometimes
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extending till the insertion of the rectus muscles.
The arteries fill normally but there is poor per-
fusion of the limbal and episcleral venular
arcades [20]. Leakage is not prominently seen.
New vessels are usually seen to spread into the
superficial part of the peripheral ectatic area
which may form. This is most commonly seen in
rheumatoid arthritis [19, 21].

Anterior Segment Optical

Coherence Tomography

AS-OCT is an important tool to confirm the
clinical diagnosis of scleritis. The differences in
the type of collagen and their distribution
between the cornea and sclera result in the dif-
ferent optical properties. This is the reason why
we are able to differentiate between the corneal
layers and the sclera based on AS-OCT [22]. The
scleral image is seen as a highly reflective
structure while cornea is a weakly scattering
structure. The images are very useful in showing
the full extent of the inflammatory process.

Diffuse Anterior Scleritis

There is a localized area of inflammation adja-
cent to the dilated vessels. The edema extends
throughout the area of inflammation up to the

D. Singh et al.

limbus including the episclera and about half to
two-thirds depth of the sclera. There is the gross
separation of collagen fibers (Fig. 4.1) [22].

Necrotizing Anterior Scleritis

This condition is characterized by the destruction
of the collagen fibers and the thinning of the
sclera. The posterior scleral surface is easily
observed with irregularly arranged and dense
reflective collagen fibers [22].

Nodular Anterior Scleritis

This condition is marked by the hyporeflective
nodule surrounded by the hyperreflective sclera.
AS-OCT clearly illustrates the swollen tissue
mixed with the blood vessels and the inflamma-
tory cells (Fig. 4.2) [22].

The advent of SD-OCT has proved to be of
significant improvement in increasing the sensi-
tivity of diagnosis. It also helps in monitoring the
disease progression in scleral disease and to
monitor changes postoperatively (Fig. 4.3).

Ultrasonography

The B mode ultrasonography is helpful in imag-
ing both anterior and posterior scleritis. However,
its main role is in monitoring the posterior

Fig. 4.1 AS-OCT shows area of inflammation with edema and gross separation of the collagen fibers



4 Investigative Modalities

33

Fig. 4.2 AS-OCT demonstrating hyporeflective nodule surrounded by hyperreflective sclera

Fig. 4.3 AS-OCT showing resolution of edema and inflammation post patch graft

scleritis. The retinal, choroidal, and scleral com-
plex is seen as the heterogenous layer surrounded
by the echogenic orbital fat and the echolucent
vitreous. In posterior scleritis, there is reduction in
echogenecity of the posterior coats of the eyeball.
The fluid in Tenon’s capsule and the optic
nerve sheath gives rise to the “T-sign”. The ver-
tical bar of the ‘T’ being formed by the dilated
optic nerve which is echolucent and the horizontal
bar formed by the echolucent tenon’s fluid.

Computerized Tomography Scan
CT scanning utilizes the X-rays to generate the
cross-sectional scans of the eye and the orbit

[23]. Tt is particularly useful in the presence of
granulomatous scleritis where there is destruction
of the bone or the sinus infiltration. It is however,
unsuitable for monitoring the course of the dis-
ease as it employs the X-rays [23].

Conclusions

Use of investigations could be classified into
various categories based on the type of test, the
level at which it needs to be considered, what
information is expected, and how the results
should be interpreted.
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and Virender Singh Sangwan

Introduction

Peripheral ulcerative keratitis, a debilitating and
potentially blinding ophthalmic disorder counts
as a rare disease in general ophthalmic practice
and falls within the purview of cornea specialists
for detailed evaluation and treatment. Needless to
say, as with all higher specialty care, the contri-
bution of the primary care provider in early
diagnosis and prompt referral is crucial in the
ultimate outcome. A basic understanding of the
etiopathogenesis and underlying pathophysio-
logic mechanisms leading to the various mani-
festations and stages of the illness is the key to a
sound management plan incorporating the right
combination of investigations and interpretation
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of results to reach a successful outcome.
Notwithstanding our best efforts, it is important
to be aware that sometimes the disease progres-
sion is relentless irrespective of all interventions,
hence indicating there are still gaps in knowledge
about the exact disease-causing agents and pro-
cesses in some cases perhaps due to a complex
interplay with other systemic predispositions and
susceptibilities.

Salient Features

The key to medical therapy is a systematic and
logical approach based on a sound understanding
of the underlying disease process. Preliminary
work up and investigations would guide whether
primarily an anti-infective or anti-inflammatory
approach should be taken, though often they may
both be required pari passu. Empirical treatment
should be initiated based on clinical acumen and
basic investigations while more detailed work up
and further tests are in progress. Review of
response to medication and the results of the
investigations would help determine further
course of action. As one would expect, a tailored
approach specific for each patient is required on
the broad foundation of general principles of the
treatment guidelines. This section attempts to
help streamline thought processes by serving as a
simple practical guide to follow in treating
patients following best evidence based models.
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Basic Principles

Broadly speaking, the main goals of medical
treatment are to ensure quick healing of the ulcer
with minimal sequelac and avoid recurrences.
[1-7] This requires an understanding of the eti-
ology or etiopathogenesis of the ulcerative pro-
cess, effective measures to control the underlying
disease or pathogen responsible, avoid secondary
infection or other complications such as extreme
melting or perforation or relentless progression
and minimize the chances of recurrence. All
these are required to be tackled simultaneously,
though one or other may take the forefront if
predominating the clinical picture.

In case of peripheral ulcerative keratitis, spe-
cial consideration is due to the inherent unique
nature of the peripheral cornea with its close
proximity to the limbal vasculature and adjacent
sclera and conjunctiva. This is of particular rel-
evance to the immunological reactions that this
part of the cornea is subjected to owing largely to
the physical location adjacent to the conjunctiva
which has full-fledged immunological mecha-
nisms leading to important implications for
treatment. The abundance of Langerhans cells
and IgM [3] and C1 [4] the unit that recognizes
the classic complement pathway makes the
peripheral cornea prone to rapid immunological
onslaught as activation of the complement path-
way by antigen—antibody complexes is more
efficient. The lymphatic drainage and the pres-
ence of unique T-cell subpopulations are other
contributory elements.

Moreover, the peripheral cornea can be
affected by antigen—antibody complexes which
may be formed not only within the cornea itself,
but also derived from the tears or aqueous humor
or even accessible to circulating immune com-
plexes via the limbal vessels.

Exogenous antigens such as in infected ulcers,
phlyctenules, or catarrhal infiltrates in the
peripheral cornea can also lead to a hypersensi-
tivity reaction consequent